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Preface 

The Association CODATU (Cooperation for the continuing development of urban and suburban 
transportation) is an association of international vocation, the aim of which is to promote scientific, 
technical, economic, and social exchanges and activities in the field of urban and suburban 
transportation; it is based on exchanges of experiences between developing, transition and older 
industrialized countries. 

CODATU IX will be held in Mexico, one of the greatest metropolises of the world. The 
metropolitan zone of Mexico (ZMCM) gathers, on 4945 square kilometres, the 17 millions of 
inhabitants of the Federal District and of the State of Mexico; it provides the 30 millions of everyday 
transportation and represents 38% of the Mexican GDP the average altitude of the ZMCM (2200 m) 
means that the concentration of oxygen is reduced by a third; as a consequence, the 3,2 million 
vehicle traffic of the urban centre produces twice as much carbon monoxyde as at the level of the sea; 
more than 80% of the pollution of Mexico comes from the traffic of vehicles. 

The main topic selected for the Conference CODATU IX is ‘Urban Transportation and Environ- 
ment’. 

As a matter of fact, which metropolitan zone could, better than Mexico’s, symbolize the 
importance of taking into account the environment in the establishment of transportation policies? 
The notion of environment, understood in its wide meaning, includes the various technical, social, 
political, and economic factors which have an influence on the life conditions in town; efficient 
transport and mastered urban development constitute a vital link in the perspective to improve the air 
quality in urban centres. The main goal of CODATU IX is to enlighten the necessary structures 
between the transportation and the environmental policies. 

This policy presents the papers received in time so as to be inserted in it. These are classified 
according to the topics presented in the final programme. 

The topics are the following: 
Transport policies related to environment: 
- examples of the present situation; 
- examples of transport policies; 
- methods of choice of a transport policy; 
- noise, pollution and other environmental issues; 
- public transport issues; 
- pedestrian, twowheels. 
Transport planning and urban development; 
Transport demand management measures; 
Institutional strengthening; 
Financial aspects - Externalities; 
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Mobility and accessibility - Socials aspects; 
Technologies - Energy and alternative fuels; 
Transport, safety and traffic engineering. 
All the papers gathered in these records cover a very wide field; this basic matter, enriched with 

the discussions and exchanges that will be held during the sessions and round-table will constitute an 
important contribution to the topic of CODATU IX: urban transportation and environment. 

Christian Jamet and Oscar Diaz Gonzalez Palomas 
Go-Presidents CODATU IX of the International Scientific Committee 
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rkface 

L’association CODATU (Coopkration pour le Dkveloppement et 1’ Amklioration des Transports 
Urbains et pkriurbains) est une association B vocation internationale dont l’objectif est de promou- 
voir les actions d’animation et des kchanges scientifiques, techniques, kconomiques et sociaux 
concernant les systgmes des dkplacements urbains et pkriurbains; elle s’appuie sur l’kchange des 
expkriences entre les pays en dkveloppement et les pays les plus anciennement industrialisks. 

CODATU IX se tient a Mexico, une des plus grandes mktropoles du monde. La zone mktropoli- 
taine de Mexico (ZMCM) rassemble, sur 4945 km’, les 17 millions d’habitants du District Fkdkral et 
de 1’Etat de Mexico; elle en assure les 30 millions de dkplacements quotidiens et reprksente 38% du 
I? I. B. Mexicain; l’altitude moyenne de la ZMCM (2200 m) fait que la concentration d’oxyggne est 
rkduite d’un tiers; en conskquence, la circulation de 3’2 millions de vkhicules de l’agglomkration 
produit deux fois plus de monoxyde de carbone qu’au niveau de la mer; plus de 80% de la pollution 
de Mexico provient de la circulation automobile. 

Le thgme principal retenu pour la confkrence CODATU IX est ‘Les dkplacements urbains et 
1 ’environnement ’ . 

Quelle zone mktropolitaine dans le monde pouvait, en effet, mieux que celle de Mexico 
symboliser l’importance de la prise en compte de l’environnement dans l’ktablissement des 
politiques des dkplacements? La notion d’environnement, comprise dans un sens large, intkgre les 
diffkrents facteurs techniques, sociaux, politiques et kconomiques qui influent sur les conditions de 
vie en ville; transports efficaces et dkveloppement urbain maitrisk constituent un lien essentiel dans 
la perspective d’amkliorer la qualitk de l’air dans les centres urbains. L’objectif principal de 
CODATU IX est de mettre en lumigre les nkcessaires articulations entre les politiques des 
dkplacements et les politiques d’environnement. 

Cette politique prksente les contributions reCues a temps pour y etre intkgrkes. Celles-ci sont 
classkes selon les thhmes prksentks dans le programme final. 

Les thgmes sont les suivants: 
Politiques de transport en rapport avec l’environnement: 
- exemples de la situation prksente; 
- exemples des politiques de transport; 
- mkthodes de choix d’une politique de transport; 
- bruit, pollution et autres questions likes a l’environnement; 
- qualitk du transport public; 
- piktons, deux roues. 
Planification du transport et dkveloppement urbain; 
Demande du transport et mesures de la gestion; 
Renforcement ins ti tutionnel; 
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Aspects financiers - Externalitks; 
Mobilitk et accessibilitk - Aspects sociaux; 
Technologie - Energie et carburants alternatifs; 
Transport, skcuritk et techniques de circulation. 
L'ensemble des contributions regroupkes dans ces actes couvre un champ tr2s large; cette matigre 

de base enrichie des discussions et kchanges qui auront lieu pendant les sessions et table ronde 
constituera une contribution importante au th2me de CODATU IX: les dkplacements urbains et 
1 'environnement . 

Christian Jamet et Oscar Diaz Gonzilez Palomas 
Co-Prksidents CODATU IX du Comitk Scientifique International 
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Prefacio 

La asociaci6n CODATU (Cooperacih para el Desarollo y Mejora de 10s Transportes Urbanos y 
Suburbanos) es un asociaci6n con vocaci6n intemacional cuya finalidad es la promoci6n de las 
acciones de animaci6n y de intercambios cientificos, tecnicos, econ6micos y sociales referentes a 10s 
sistemas de transportes urbanos y suburbanos: se apoya en el intercamio de experiencias entre 10s 
paises en vias de desarrollo y 10s paises ya industrializados. 

CODATU IX se celebra en Mexico, una de las mayores metr6polis del mundo. La zona 
metropolitana de Mexico (ZMCM) reune, en 4945 km2, a 10s 17 millones del Distrito federal y del 
Estado de Mkxico; permite 10s 30 millones de transportes cotidianos y representa el38% del E! I. B. 
mexicano. La altitud media de la ZMCM (2200 m) tiene como consecuencia que se reduce en un 
tercio la concentraci6n de oxigeno; por tanto, el trinsito de 3,2 millones de vehiculos por la zona 
poblada produce dos veces mas mon6xido de carbon0 que a nivel del mar; mas del 80% de la 
contaminaci6n tiene su origen en el trhfico automovilistico. 

El tema principal seleccionado para la conferencia CODATU IX es “Los transportes urbanos y el 
medio ambiente”. 

De hecho, iqu6 zona metropolitana en el mundo podia, mejor que la de Mexico, simbolizar la 
importancia de la toma en cuenta del medio ambiente en la previsidn de las politicas de transportes? 
La noci6n de medio ambiente, concebida en un sentido amplio, integra diferentes factores t6cnicos, 
sociales, politicos y econ6micos que influyen en las condiciones de vida en la ciudad; transportes 
eficientes y desarrollo urbano dominado, constituyen un lazo esencial con vistas a la mejora en la 
calidad del aire en 10s centros urbanos. La meta principal de CODATU IX es evidenciar las 
necesarias articulaciones entre las politicas de transportes y las politicas del medioambientales. 

Esta politica presenta las contribuciones recibidas a tiempo para ser integradas. Se clasifican 
segun 10s temas presentados en el programa final. 

Los temas son 10s siguientes: 
Politicas de transporte relacionadas con el medio ambiente: 
- ejemplos de la situacion actual; 
- ejemplo de politicas de transporte; 
- mktodos de eleccion de politicas de transporte; 
- ruido, contaminaci6n y medio publico; 
- calidad del transporte publico; 
- peatones, dos medas. 
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Planeaci6n del transporte y desarrollo urbano; 
Medidas para la administracicin de la demanda de transporte; 
Fortalecimiento institucional; 
Aspectos financieros - Externalidades; 
Movilidad y accesibilidad - Aspectos sociales; 
Tecnologias - Energia y combustibles alternos; 
Transporte, seguridad y tecnicas de ingenieria de trhsito. 
Todas estas contribuciones agrupadas en estas actas abarcan un camp0 muy amplio; estas bases 

enriquecidas por las discusiones y 10s intercambios que tengan lugar durante las sesiones y las mesas 
redondas constituirh una importante contribuci6n a1 tema de CODATU IX; 10s transportes urbanos 
y el medio ambiente. 

Christian Jamet y Oscar Diaz Gonzhlez Palomas 
Co-presidentes CODATU IX del Cornit6 Cientifico Internacional 
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Welcome address 

On behalf of the Federal District Government, I have the pleasure to welcome all participants to the 
9th World Urban and Suburban Transport Congress which will be held in Mexico City and whose 
main topic is: Transport and Environment. 

It is with a great sense of responsibility that we have accepted the task of organising this wide 
ranging event, which will be the meeting place for key figures and world experts anxious to find 
optimal solutions which will bring a better quality of life to all cities, no matter what size or density. 

Obtaining steady development is no easy task and it is to this that authorities and citizens 
throughout the world are committed. I therefore propose to make the most of our experience and the 
opportunities that meetings which unite us, such as this one, can offer, to generate technological 
development without detriment to either the culture or the characteristics of each country and each 
city. 

The 9th World CODATU Conference is an occasion to discuss problems and solutions as much 
for Mexico City as for other world metropolises. It is in fact a wonderful forum in which the cities 
can confer frankly and constructively and can do this in the legitimate interests of their inhabitants. 

We are totally aware of the fact that the governmental policies in terms of transport and 
environment must be in keeping with and complementaryto the programmes of urban development. 
What we need is a transport that will support the economic development of cities and countries, that 
will bring men together, but that will also avoid the degradation of the environment. It is thus 
necessary to define policies in line with one goal: To transform our planet into a more welcoming 
place to live for the human being, and it is together that we will achieve this. 

During this event we may discover the experiences of legislators, technicians, faculty members, 
consultants, company heads and authorities. Each will offer their best solutions and among the 
propositions we will choose the best option to apply to our own city. CODATU IX is in perfect 
accord with Mexico City’s Local Authorities and wishes to research long term policies and 
programmes and to envisage viable financial mechanisms for the city. 

For these reasons, on behalf of Mr Rosario Robles Berlanga, the Federal District Government 
Mead, once again I would like to wish acting spokespersons and participants an agreeable stay in this 
‘Open City’ and I foresee great success for the works of CODATU IX. 

Engineer A. Joel Ortega Cuevas 
Secretary for Transport and Highways of the District Federal Government 
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Message de bienvenue 

Au nom du Gouvernement du District Fkdkral, j’ai le plaisir de souhaiter la bienvenue ii tous les 
participants au 9kme Congrks Mondial du Transport Urbain et Suburbain qui aura lieu dans la Ville 
de Mkxico et dont le thkme central sera: Transport et Environnement. 

C’est avec un grand sens de la responsabilitk que nous avons accept6 la mission d’organiser cet 
6vknement d’envergure, qui sera le rendez-vous de hautes personnalitks et d’experts mondiaux, 
soucieux de trouver les solutions optimales qui apporteront une meilleure qualitk de vie ii toutes 
villes quelles que soient leur importance et leur densitk. 

Obtenir un dkveloppement soutenu n’est pas une tkhe facile et c’est B cela que s’engagent les 
autoritks et les citoyens du monde entier. Je propose donc de mettre a profit notre experience et les 
occasions, que des rencontres comme celle qui nous rkunit nous offrent, pour gknkrer un dkveloppe- 
ment technologique, sans porter prkjudice B la culture ni aux caractkristiques de chaque rkgion, de 
chaque pays et de chaque ville. 

Le Neuvikme Congrgs Mondial de CODATU est une chance pour que soient dkbattus tant les 
problkmes et les solutions de la Ville de Mkxico que ceux des mktropoles du monde. I1 s’agit d’un 
magnifique forum pour que les villes discutent entre elles de manikre franche et constructive et dans 
l’intkrct lkgitime de leurs habitants. 

Nous sommes bien conscients du fait que les politiques gouvernementales en matikre de transport 
et d’environnement doivent s ’harmoniser et etre complkmentaires des programmes de dkveloppe- 
ment urbain. Nous avons besoin d’un transport qui soutiendra le dkveloppement kconomique des 
villes et des pays, qui rapprochera les hommes, mais qui kvitera aussi la dkgradation de l’environne- 
ment. I1 est donc nkcessaire de dkfinir des politiques en adkquation avec un objectif: transformer 
notre plankte en habitat plus accueillant pour l’etre humain et c’est ensemble que nous y parvien- 
drons . 
A l’occasion de cet kvknement nous pourrons dkcouvrir les expiiiences des lkgislateurs, techniciens, 
universitaires, consultants, chefs d’entreprises et autoritks. Tous nous apporteront les meilleures 
solutions et parmi chaque proposition nous choisirons la meilleure option pour l’appliquer a notre 
ville. CODATU IX est en parfait accord avec le Gouvernement de la Ville de Mkxico, et a la volontk 
de rechercher des politiques et des programmes a long terme et d’envisager des rnkcanismes de 
financement viables pour la Ville. 

C’est pourquoi, au nom de Maitre Rosario Robles Berlanga, Chef du Gouvernement du District 
Fkdiral, je renouvelle aux rapporteurs et congressistes mes voeux d’agrkable skjour dans cette ‘Ville 
ouverte 5 tous’ et j’augure le plus grand succks pour les travaux de CODATU IX. 

Ingknieur A. Joel Ortega Cuevas 
Secrktaire aux Transports et a la Voirie du Gouvernement du District Fkdkral 
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Mensaje de bienvenida 

En nombre del Gobierno del Distrito Federal me complace dar la bienvenida a todos 10s participantes 
a1 Noveno Congreso Mundial de Transporte Urbano y Suburban0 que habra de realizarse en esta 
Ciudad de Mexico, cuyo tema central es Transporte y Medio Ambiente. 

Con enorme responsabilidad hemos recibido la encomienda de organizar este evento de gran 
envergadura, ya que da cita a grandes personalidades y expertos a nivel mundial, preocupados por 
encontrar las mejores soluciones que pennitan forjar una mejor calidad de vida en las ciudades, sin 
importar su tamaiia o densidad. 

Lograr un desarrollo sustenable no es tarea fiicil y en ell0 estamos comprometidos autoridades y 
ciudadanos del mundo entero. Propongo que utilicemos la experiencia y las condiciones que 
encuentros como el que nos ocupa, nos proporcionan para generar desarrollo en donde no 10 hay; 
para mantener el bienestar en donde existe, para universalizar el conocimiento y el desarrollo 
tecnol6gic0, sin menoscabo por la cultura y las caracteristicas de cada regicin, pais y ciudad. 

El Noveno Congreso Mundial de CODATU es una oportunidad para que sean discutidos tanto 10s 
problemas y soluciones de la Ciudad de Mkxico como 10s de las metrcipolis del orbe; es un magnifico 
for0 para que las ciudades se hablen entre si de manera directa y constructiva, que coincida con el 
legitimo interes de sus ciudadanos. 

Estamos conscientes de que las politicas gubernamentales en materia de transporte y medio 
ambiente, deben ser acordes entre si y complementarias, en su caso, con las politicas de desarrollo 
urbano. Requerimos de un transporte que apoye el desarrollo econcimico de las ciudades y de 10s 
paises, que acerque a 10s hombres, per0 que tambikn evite el deterioro a1 medio ambiente. 
Necesitamos establecer politicas publicas congruentes con un objetivo: lograr hacer de nuestro 
planeta un mejor habitat para el ser humano, justos 10 lograremos. 

En este evento podrh conocerse las experiencias de legisladores, tkcnicos, acadkmicos, consul- 
tores, empresarios y autoridades y de todos ellos aprenderemos 10 mejor buscaremos en cada 
propuesta la mejor opci6n para aplicarla en nuestra ciudad. CODATU IX coincide con el Gobierno 
de la Ciudad de Mexico en el h imo  de buscar politicas y programas de largo plazo y de identificar 
mecanismos viables de financiamiento para la Ciudad. 

Por ello, a nombre de la Lic. Rosario Robles Berlanga, Jefa de Gobierno del Distrito Federal, 
reitero a 10s ponentes y congresistas que tengan una grata estancia en esta ‘Ciudad para Todos’ y 
auguro el mayor de 10s kxitos en 10s trabajos de CODATU IX. 

Ing. A. Joel Ortega Cuevas 
Secretario de Transportes y Vialidad del Gobierno del Distrito Federal 
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The automobile as a pollutant 
L'Automobile en r6le de pollutant 

A. M. Dayomi 
Universiw of the North, Sovenga, South Africa 

ABSTRACT: The grouih of tramponation has brought man! knetits and many problems too. 
which are now leading to an en\ imnmental crisis point - a crisis ofenerg!. environmental pollution 
and congestion. This p a p  highlights t k  pnjblems uith particular reference io the role of the 
automobile in the urban en\ironnient. 1.irst. i r  is pnllutrd duc to automohile emissions and this 
comes mainly from fossil fuels used. lherc is c u h n  dioxide an inescapable waste product and the 
most important gas contrihuting to climate change and glohal uarming. More than 70% of air 
pollution may be attributed to pollution emanating fmm the automobile in developing countries and 
that this continues to rise e\en \\hew motoriwtion Ic\els am much lowr.  
Policy changes are sugpestd in h e  arms of monitoring of emission and the maintenance of 
vehicles to reduce exhaust emission,. bu t  Lhr. critical choice to he made is k t t v e e n  mo\.ing people 
or moving vehicles to the detriment ot'the eni inlnmcnt and a k n e r  cadw de vie. 

RESUME: La croissancc et Ie di\eloppcnient Jcs transports a apponC de biens ainsi que des 
problkmes. Ces problhies nous on1 amen6 a drs crises de I'knergie. de congestion et la pollution 
de I'en\ironnement. Cette communication i.\ alue le role que joue I'automobile dans 
I'environnement urbain tels la pollution. notmment les en'ets ntigatifs des emissions sur la sante, 
I'kconomie et Ie cadre de sic dms Icy p a j s  en \oie de dC\eloppemeni ou il  y a beaucoup de 
pollution automobile malgri un t'aiblz IBUS de motorisation. 
Des propositions de politique et de strategies ont e t &  suggeds dans Icr domaines de controle/suivie 
des &missions et I'entdtien d f i  \ehiculrs. niais MU de\ons aus i  choisir entre Ie mouvement des 
persons et merchandises ou Ie deplacemc-nt des tehiculcs au detriment de I'eniironnement et un 
meilleur cadre de vie. 

Introduction 

One of the most urgent issues ue face in our 
large urban centres is air pollution from motor \ thick 
emissions. This is an ewironmentd issue. an 
economic issue. and a major public health concern. 
Clean is needed to promote health! ~.c.os\stenis. 
abundant crops. good jobs. and long and health! 
!ives as individuals. \\'ithout clean air.  he 
environment. public health and the econom\ are at 
risk. Unless prompt and \igorous action is taken. 
pollution trends ivill result in buildups to crisis Ic\els 
uf fine particulates. ground-level ozone and o ~ r  
pollutants. Inaction \\ill also contrihutc tn Lhr. 
worldwide buildup of greenhouse ga..! and the 
usociatcd detrimental etkcts o f  climate chmge. 

After shelter the automobile is u s d l !  the 
most important thing o r d i n e  pwple own. It is mwi 
oAen charged \vith a good deal of emotiw. Ilan! 
people can recite the day the! pasxd their drit ing WI 
and remember the first car the! o\inrxi. C m  deliter 
the freedom to go uhtre one likes. \\henc\cr one 
wants; they are objects of utilit!. The autoniobile has 
become the carapace. the protective and agpwssi\e 
shell ofthe metropolitan man that hils simngl! shapx l  
our mobility. urban design and hroughc such \\c2lth 
and pleasure is no\\ w n  as a thrca! to the 
environment. 

The Challenge: Costs of Air Pollution 

Air pollution is more than a nuisance: it's a thnrli 10 
public health. This ranges from irritation of the qrs, 
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nose and respirator) tract to impaired lung function 
increased incidence and severity of asthmatic attacks. 
lung cancer, birth defects. and premature dmth mainl? 
due to respirator) and hean conditions. In addition. air 
pollution reduces crop yields. daniagc? \ egetation 
impairs visibility and spoils the natural hraup. 
Put simply. air pollution increases the cost of  li\-ing 
acd hurts the economy and the eniironmmt. The 
largest single source of the problem. apart frnm 
emissions from the manufacturing industries. is 
transportation. Within urban areas. h e  proportion of 
air pollutants attributable to transponation is e\en 
higher. Greater Lagos studies (Dc<i.onri. I Y Y J  shm 
motor vehicles emit more than 70 percent oi air 
pollutants in the region. Measuwments ha\z indicatrd 
transportation accounts for more than halfoi the \ep 
fine particulate matter. a major public health concern. 

49 percent of carbon dioside emissions: 
50 percent of nitrogen oside emissions; 
5-1 percent ot carbon monoside emissions; 
30 percent ofh)drocarbon emissions: and 
9 pemnt of particulate emissions (primary 

parriculate emissions only). 
There are t\\o main reasons why the measured 
concenmtion of fine parriculates from transportation 
in urban arcs (more than half) is so much higher than 
the proiincial emission inventory: transportation is a 
n.lati\el? l q e  source ofgases. which are responsible 
tbr these ssondiq particulates. 

The Pnctical I.'= of the Automobile 

The u s  of the automobile is to facilitate the 
mownents of human beings from one place to 
another. The aspect of personal mobility is just one 
siJc ot'the coin. The same car has also contributed to 
the crration of new distances between dwelling and 
\\on places. 'Ilw role of the automobile in urban 
spra\\I is \\ell s t a t d  by two S\wdish geographers. 

"I1 i'rhorit uriv ewggerution. it is 
p~.\.sihlc. to .iqr thut the 
~irrtonrohilc. hin hem hriilt in into 
rhc phi..sicul striictrire of 
hel l i t r~s .  p1uce.s of- work. 
:mice jucilities und their 
mritiiul jn~sitiom in space" 
rLi.ttrrri.tu & SorJstriieni. ' 79). 

Trips can be made b> walking. cycling. driving a car, 
or as a passenger. using public transport bus, metro, 
d. mini and midi buses (taxis) according to the 
situation in the cauntn one is in. Some are production 
trips i.e. to and fn>m u o k .  others are associated with 
the life of repduction: trips to markets. medical 
fxiliticr schools. etc. Most of these trips. where 
motorised in Sigeria espctrially in our urban 

en\-ironment. are made b\ public transport (70%) and 
priiate automobile (WO). In the South African 
esample \\here public transport is not a priority, 
higher motorisation Ie\.el has engendered a heavier 
dependence on the privaie automobile resulting in a 
70 30 ratio. Rut \\hat does the car user gain from 
going b? ear and not tnxelling in other ways? He 
travels faster \\here the traflic and circulation allow 
him. The difference is however not dramatic 
especially in highl? congested urban areas like Lagos 
\\here the a\ e q e  speed of the car is about 20 km per 
hour at the most (Dqonri. 86). The real gain of the 
pri\.ate automobile in the presence of a rapid and 
efficient public transporr senice. is thus hardly 
incrrraxd speed. but rather superior comfort, greater 
tlesibilit?. a hrmer guarantee of the preservation of 
personal integrity and other possibilities. lk same 
private automobile occupies -:O times more space per 
passenger bus. consumes more parhing space. adds 
more to the pollution of others and is sconomicall?. 
environmentally. and spatiall? inetticient. 'Ik time 
gained is used for other activities. \\ hich is wnietinies 
considered as contributing to thc l i \  ing 
standardquality of life of people. The! can no\\ 
choose their dwelling places at longer d i m e  f n m  
their work (the sprawl): travel longer distancs to 
various leisure activities including \ acations. 

How much does the car uwr pa? for his hcr 
car use? The average person doss not 52r'm to lino\\. 
It is thus dificult to ignore the impression that most 
automobile users do not perform an? cost-tenetit 
analysis related to their car ux. Cost of purchase. 
petrol, repair. extra-equipments and taw3 a p p w  
inimaterial because the automobile is a status s?mhd. 
Owners are willing at least atier a period of hesitation 
to pay higher cost of petrol and taxes. But it'onr cous 
the price ofroad trattic in terms ol'thr. negati\e SIT~TLC 
of pollution. noise. \ ibration.  low^ md human 
sufTering associated with trattic accidenLs and 
damages in aesthetically valuable en\ imnmenii. it is 
possible to state that car users do not bear Ihr. [oral 
responsibility of their use. The cost in turn can h 5 t  

be imagined when !ou are stuck in a rattic jam in h 
middle of the Midmd esprr.ssi\a\ during one d its 
notorious jams and you l o x  a multi-million rmd 
contract because you anived late for the nqoliation 
and signing. 
?he above plus other nzgatiie emmalities. 
particularly those affecting the en\ inmment. ought to 
be passed to the consumers. In other \\or& the 
polluters-pays-principle should be applitd in full to 
the above and others including wn icL- pnii idtd b> 
the road safety and the trallic policemeii. 
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The Automobile as a Pollumt 

Like most other artifacts. the automohile has a 
certain impact not only on human life hut also on the. 
human and natural emironment. In 3 largel! Icss- 
motorised society such as ours (Itss than 15 cars t'or 3 
thousand people generally according to Sit r r t .  c ! l  rlw 
World 1994 (Reinvesting in transport - L o w , .  19W) 
the impact of the total number ma\ not h, suh5mtial. 
But the impact of the concentratiom of the motorised 
transport modes in our urban arcas is suhmrial. This 
impact is to a large extent of a negati\e character 
environmentally speaking. 
The effects are possible 10 register in the local 
en\ imnment (the automobile contributes massively to 
the pollution of the air. heat island effect. etc); in the 
regional environment (the automobile contdbutes to 
the incwd rigidit? of the soil and the alteration of 
nature): and in ihe global environment (it contributes 
to the p n h o u s e  etfkct). B! tratlic environment, we 
refer to road uat7ic. which is composed of roads, 
\ehicles and human beings and their conflicts. The 
urban ewironmcnt consists of buildings. streets. and 
open spaces together uith human beings and the 
auromcMe hich has significantly altered urban 
&sign. lhis alteration has led to urban sprawl and the 
ahcindon of the traditional core to the poor. Affected 
also is h ecological environment which includes 
climatic ixtors along uith a number of ecosystems. 
I h i n g  its lifetime. an average car travels some 
30.000Lm hut in structurally adjusted Nigeria three 
hundntd thousand kilometres is not impossible even 
Tor an imporwxl usld \chick. 

;\ir Pollution Sources (see table) 

The idlo\s ing table summarises the sources, effects, 
and pre\ ention and control methods for some of the 
air pollutants uith the automobile a very important 
and prominent role player. 

Hou. k ise l? .  Does the Automobile Pollute. 

From its eshaust pipe. it discharges tons of 
cartron. sulphur. and nitrogen in form of various gases 
and particles. In dense urban environments where 
temperature inversion sometimes occur such as in 
Istanbul. r\thZns. Ais en Provence and Paris. The 
etTkcts can tu de\astating. 'The worlds more than 500 
million cars. of U hich less than twenty million are in 
Africa produce ten million cubic metres of exhaust 
fumes each >mr (The Economist Sim.ej. on Living 
wirh rlw (iir. June 1996). The figure is likely to rise. 
but \\ith all the less efticient and more polluting 
aulomobiles likel? to be in Africa. This only means 
that nith a relati\ely IOW percentage of the world 

aiiiomohilc tlwt ue  would be ha\-ing a high 
prcentage ot'the pollution. The scenario makes many 
en\ironmenralias and ecologists fear that the car is 
a b u t  to k o n w  a curse. In the absence of imleaded 
t'ur.1 and catal\ric conwrters in automobiles, 
indi\ iduals uih \wak hearts. sufferers from anaemia 
and \oung children arr thought to be at risk from 
eshaust carbon monoxide (CO) in urban areas (WHO, 
/yY?). So also are the mtlic uardendpolicemen who 
don't wear masks unlike their colleagues in Istanbul. 
Athens Mexico and Bangkok. 

Automobile-generated waste is an under-rm)gnizd 
but a growing pollution (and en\ironmenlal) pmhlcrn. 
l h e  problem of abandoned vehicles has i n c n d  and 
this has led to a disposal crisis since parts ~c-usr* can 
not take care of the whole vehicle. L ' d  prrs and oils 
are other problems that hal t  not wall> gaind 
recognition simply because the? ax duniprd. humd. 
or emptied into the drains. But the problem of 
educating people on these subsists. 

Carbon monoxide (CO). nitrogen oxide 1 \ 0 1  and 
hydrocarbons (HC) comprise the categop principal 
pollutants under consideration. These arc likrard 
primarily in the energy conversion procrrs in h e  
internal combustion (IC) engine in motor \ehiclss. 
The efficiency of the IC engine is Jim-tl\ related to 
the octane rating of the fuel and to thc compression 
ratio. Several additives such s lead ha\e h s n  added 
to improve this rating. 
Carbon monoxide is colourless. 0dourlr.s~ and 
tasteless and a concentration of onl! O . I 0 o  (h! 
volume) produces unconsciousnas in onc hour and 
death in four. 

Hydrocarbons from which our fuel (pnrol. d i d  gas. 
etc) comes from comprise a broad class of materials 
that it is impossible to make an! general statement 
about its toxicity. It is the 1IC.s s?ncrg? uith o h r  
products that leads to petrochemical smog. hich 
creates the problem. Nearl! step major cit! uith 
industrial concerns sutyers from this. \ \ k n  y u  add 
the resultant of these tuo  pollutants (industrial an3 
automobile) the daniage becomes economic damage. 
plant and animal impairment. and possible altenrion 
of the weather. The effects are ( I )  damage to 
vegetation (2) eye irritation ( 3 )  respiratop distu;s 
and even death (4) reduction in visihilit? ( 5 )  
objectionable odour (6) material damage ruhkr. 
buildings). See table 

Catalogue of Ills 

The World Health Organisation (\\'tIO). the 
American Environmental Protection .\pnc>. The 
Nigerian Federal Environmental Protecuon agcnc.\ 
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(FEPA), the Federal Roads Satet!. Corps (FRSC 1 and 
United Nations En\ ironmental Progranme (I 'SEP) 
have been saying that autoniobiles am rrqwnsihle tor 
at least 70% if not niore of the pollution in our urban 
areas. CO hinders the transfer of 0X)gr.n from thr. 
blood into tissues, ultimatel! stopping the hran. 
C'ad>tic conveners which reduce CO by more than 
XPO. uhich are compulson in Europe and North 
..\merica am a k n t  in our \thicles. 
'lk other p o l l u m ~ ~ .  notably osides of nitrogen and to 
a I m r  extent sulphur. are not easily trapped. We 
don't hate polludon control of these vehicles except 
the ones done in Europe for the sale of second-hand 
ichicltts. C o n y  to general \.ie\v. newly imported 
u d  \ehicltts do 1)ot pollute as much as the poorly 
main la id  \chides on the ground. Sihce subsequent 
tests are mt performed on them here in Nigeria. they 
hxome pollumls. In this. the) are unfortunately 
aided h> thc \arious kinds of imported fuel from so 
man! ~ w n x s  all in the name of combating he1 
scarcit! . 10 h c  ahoi e ma! be added the general level 
of povec and ignorance which hamper regular 
maintenance and inspection of iehicles. As a result of 
the l e e  number of poorl>. maintained vehicles, and 
in h e  a k n c e  of pollution control measures. most of 
our cities an: already esperiencing motor-vehicle- 
related air polluiion problems. Unfortunately, there 
art: no data on our hc-lth statistics uith links CO, 
1 . d  (Ph,. IIC and SO,. SO? emissions and 
panicdate matter PJI) \\ ith our health problems. 

Simgen oxides react \vith other pollutants in the 
aunosphere (helped b\ sunlight) to produce a form of 
ozone uhich is h e  basic component of smog. Short 
cvpsurrr to rhcjr: osides are linked to asthma attacks, 
sore throats and running noses. Although ozone in the 
strarospkre is a protection against hannful air 
ndiation e x c m  amount in the lower atmosphere can 
harm plant gmnth and ha\.e been linked with 
rcspiratop problems. 

:\ third -grc~up ot~pollutvlis kno\\n as volatile organic 
compounds (Vac's) is also toxic. It is linked to 
h\dnrarhons \\hose particulates are thought to 
a g z t a t e  bronchial diseases. With newer and more 
fuel etxcient and louer emission vehicles on the road 
in Iiurope. things \ \ i l l  get slightly better over there 
e\en in h e  abvnce of emission controls. But it may 
not las~ espviall! if the economy picks up except we 
m* ahlc to hu) h e  nett electric cars in the market (and 
pro\ide charging stations OR revert back to the 
promotion ot'puhlic transit. 
W'ith mention mentl! turned to global air quality, 
ltmr is concern that increased levels of CO2 and other 
peen house gases resulting froin increased fossil fuel 
use could lead to possible global warning. Rapidly 

inchtaing population and massive urbanization 
coupl~d \\ith com%pndinp increase in auto-mobility 
and ux h i e  not\ made it imperative that we look at 
this question now because the problem 1st' px,r air 
quality is there in our cities and it  is acute. The 
resources for tackling the problem arc limilrd. This 
requires knowledge noi onl! of the major sources of 
pollution but also of' the technical options at ailahls 
and their effectiveness. pncticalit! and cost. ..is pan 
of the corrective process it nia! be n e c e s q  to d e  
mcasurements of air qualit? on a regular hark. and to 
establish and maintain in\entories of w u r c ~ s  of 
pollution. Other priorities must h: the htduction of 
driving or rather the promotion of public transport. 

Priorities for Action 
A. 
1). Through Inspection and \laintmance 
Strategies 
A badly maintained car can emit I00 tons more 
pollutants than that of a proprrl) maintained car. 
Schemes to irnpro\r the standard of maintenance o f  
vehicles and to replace old I ehicles can dramaticall! 
reduce vehicle emission. To h: etfsctiie though. 
inspection and maintenance must he bacLd up b> 
adequate policing policy. as a majorit! of \chicks on 
the road are old (more than ten (10) !CW old). ..\ 
component of the lau should a h  iniohe 
motorcycles. The use of lubricating oil niiwd uith 
luel should be gradually reduced. 
2). Fuel: The industrialized uorld has c h n g d  10 
tinleaded fuel but i t e  are still using leadd 1'usI. .-I 
grddual reduction in the amount of lead should h: the 
objective (<O.Oljgramme per 1h-e). D i r d  is Lnonn 
to emit SO2 from combustion with o h r  particulatss 
especially in our \ v m  ent.ironment. .-\ htdwtion of 
the sulphur content in the diesel ssould go n long \\a\. 
Natural and liquified petroleum gases art hnonn 10 

pollute less (they actuall) hum cleanl! nithour man! 
residucs). It may replace o r d i n q  petrol and d i 4  but 
the cost of installation \ \odd be a burden for the aiito 
users but cleaner air for evenbod) . Jlerhanol has the 
same cleanliness e\en though it nia! k. ditferentl! 
produced - from molasses. .All the ahne \rould 
require a major policy shift nhich is nLxrssap if \be 

do not want to remain simple col l~umer~ oi 
technology. 
3. More Stringent ;4utoniohilc Stmdrvds: 
Advances in automotiw tLu.hnologies ha\ e made it 
possible to lower emissions drasticall!. \\'e ma! take 
advantage of this only if we are ahlc to monitor 
strictly the type of vehicles (neu and sc-ond-hand 
technology) that come into the counE. It simpl! 
nieans that developing countries \\odd slop hirip a 
dumping p u n d  and that stricter controls would have 

Assessmetir (!f'E~is/itig I i4iicIc Emis.siwi: 
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to be strm-gthed to cope technically. 
4 The use of the  electric car may be an option 
hut it \\odd q u i r e  the installaiion of charging points 
in certain areas Of the toms. The cost of acquisition is 
cum.ntl\ \ep high even in the developed countries 
and its use is still limited 

mind. :\n> stnteg! to d u c e  automobile emission 
m m  necrSsaril\ include schemes to improve traffic 
tlo\\s and minimize car usage. This imperatively 
m a w  chr. promotion of mass transportation modes, 
priorit! to he integration of land use planning and 
tnflSc circulation (i.e. Curitiba) and limitation of 

R - Lon3 Term and Sustainable Solutions 

The a t m e  mentioned solutions are highly technical 
and ma! ha\e implications for the local economy if 
\\e m unahle to support the emission controls 
without esczssi\el~ limiting economic grouth. It will 
definitel: q u i r e  phasing if we are not to lose control 
of emission control and'or the growth of the economy 
espTiall\ at this moment of lo\\ purchasing power. 
Our cities suffer from traffic congestion due to the 
poor use of mad space. frrquent break downs. absence 
of tntlic and land w management (and lack of 
in t ip t ion)  etc. These tend to compound the 
pnddems af i r  qualit! since fuel consumption atid 
emission of CO and HC are increased at lo\\ average 
s p x i s .  If it-s qmd that increased auto-mobility is a 
likel> conx.quence of increasing development, then 
citicr must hr. de\elopd nith public transportation in 

iehicle we. The last line would be with the objective 
of minimizing congestion in certain dense areas as 
\\as done uith Singapore Licensing Scheme (ALS) 
no\\ rnodifird to Electronic Road Pricing which 
allons more l les ibi l i~ than was previously possible 
\\ih the .-\LS. 
Parking lots must he limited and made expensive to 
disallow inner city traffic but this must be 
accompanird b! greater and more accessible public 
transportation as \\ell as walking and cycling. The 
goal of such a policy should not be higher mobility 
hut prater accessibility. Other objectives of such a 
pro_rramme should be greater efficiency in 
transportation. grater environmental awareness and 
enhancd equity (and choice) in transportation 
possibilities hrtwen different social groups and 
e n l q e d  democratic influence in the execution of the 
polic! . 

Air Pollution Sources 
7 Iic fcllowing table sumnmises the wurws. c l lhs .  and prevention and control methods for some of the air 
idiutants with the automohile a v c p  impmani and prominent mle pla!er. 

1'0 L,I,U'I'ANT SOURCES t :  FI: w s  PRfVESTIOS 8: CONTROL 
Reduce motor \&hick mct i \e  organic gas 

Br,vihiii.v Jit?L-u/ii6.s. (ROC, and n i t m p  oside (NOS) emission 
ltiifq mw<* Jamtqt*. through emission standards. inspections 8: 
rC'.ccv.;n~*t J.rind.v,*. wduced \chicle use. Limit ROG 8: NOy 

Jtiifid.cc, I#* rubhar J ~ J  m i i s i c m ,  from commercial. industrial and 

Formed \\hen reactke organic 
gases and KOY react in the 
presence of sunlipht. .Thcic 
include an! source that bums 

Ozone (03) (gas. \\ood. oil 1. sol\ents: 
petroleuni and pesticides w m ~ . p L i w . ~  t i d  consumer operations. Consene energ? 

Particillate Combustion in \ehiclej. /itL.rcvt'- r.yvr,u,m Rrduce combustion emissions from behicles. 
kliitter doiiiestic use agriculturc X: J I \ ~ . ~ I W  lirrir J.mi~.v,. equipmenis. industries agriculture and 
(PM2.5) industries. Also formed . inJ/*rcmm~rc~ .~.m~'c.r r&jr.ntial burning. Precursor controls 

mJprr-ni.rii,rr~ J u k  from reaction ofother 
pollutants (acid rain. So\) r.*JuLd r t d i h v  ~ O ~ l i t M  in the atmosphere 

like those for OZOM. reduce tine panicle 

Carbon Fuel combustion in \ehiclti ( % z s i p n r  m hemi Conml mor whicle and industrial 
Monoxide construction. farm equipmenis p i w i t i \ .  h..du, h,*s emissions. Cse ougenated gasoline 

and residential heating r d i ~ . a /  mviidi .dzr ir t~s*  during U inter months. Consene energy. 

Nitrogen Liiit,q irriitimm m J  Jdnrfl~. Conuol motor \chicle and 
Dioxide (See Carbon Monoiide I Ro'it.i\ 111 ,trmmyh..r.. induwrial combustion emissions 
(NC)?) i r t  t ; m t  *GIN,' dnJ dL.iJ rdiii. Conwne eners!. 

Mctal smelters. resource 

deterioration of Ph paint. 

L.wtrtoe . / I %  .;hi/iii.- Con:rol metal smelters. To lead in 

~ i t h  non-lead substitutes. 

Reduce use of hi$ sulfur fuels 

diesel or M I U d  gas).Consene enegy 

Lead recover\. Pb gasoline. hrmi ,iod h.h? ;/mq*~*. \o lead in asd ine .  Replace leaded paint 

Sulphur Coal or oil burning pwer.  /ta.rcuws /img Ji.stuw JI~J 
Dioxide industries. refineries and bridihLi.v prdl,vw ,RK (e.g.. uv lo\& sulfur reformula!ed 

d\i/int,iifL~- R,..i:i\ 1,; rrrm 
,I. 1.i r.iiti , I ?  .iint,,y4hrka 

6 diesel engines 
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Conclusion 

Planning the Cit)',for F w r r  .irtronrohi/r.s 
Can it be really considered pro-?mli \\hen 

mobility in its original meaning (detincd as number of 
trips for evenda!. purposes) did not change 
significantly since the automobile came to  he fore'? 
Only the modes and distances ha1.e changed hut the 
number of trips has remained stable. Can \\e continue 
to go greater distances simpl? haus+= ue ha\e 
separated knctionall! related USCX;~ The ynwth of the 
automobile and its use have led to a greater demand 
for road and parking spaces. \rhich degrade Lhr. 
quality of the urban environment. S o i x .  cshaua 
emissions. accidents. lead to an c i  en greater C.~:C&LS of  
inhabitants towards the outskirts. The c o n r q ~ e n c ~  of 
this sprawl are more tratlic. longer trips. \\omming air 
quality, destruction of the biosphere. p r  cdre  de 
vie, etc. And the question in dronr r k w v  /lrr ciA. 
belong? comes up. To those \\ho Iiie in it eiidentl! 
and not the autoniohilists \\ho cnntrihutc to its 
destruction throuyh turning the automobile into a 
pollumt. 
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Urban transport challenges of developing countries: The case of Harare 
Les d&s du transport urbain dans les pays en voie de developpement: le cas de Harare 
Los desafios del transporte urbano en 10s paises en vias de desarrolo: El caso de Harare 

T.C.Mbara 
University of Zimbabwe, Harare, Zimbabwe 

ABSTRACT: Countries of the developing world are experiencing rapid urbanisation and unprecedented high 
growth rates in traffic resulting in detrimental environmental effects such as congestion, noise and pollution. 
Urban Local Authorities cannot afford to build roads to keep pace with traffic growth. The solution to 
construct roads is environmentally and financially not feasible. Using Harare, the capital city of Zimbabwe as 
a case study, the paper argues that the problems arising from traffic growth in cities of the developing 
countries can be addressed by non engineering solutions that include travel demand management, strategic 
planning and the need for good governance. 

RESUME : Les pays en voie de dkveloppement font face a une urbanisation acceltrke et a des niveaux de 
croissance du transport routier sans prkcedents qui ont pour conskquence une dkgradation de l'environnement, 
notamment en raison des embouteillages, du bruit et de la pollution. Les autorites locales en charge du 
dkveloppement urbain n'ont pas les moyens nkcessaires a la construction de nouvelles routes pour repondre a 
cette augmentation du traffic routier. La solution qui consisterait a b2tir de nouvelles routes n'est pas viable du 
point de vue environnemental et financier. En se servanr d'Harare, la capitale du Zimbabwe, coinme sujet 
d'etude, cette presentation soutient que les problemes engendres par l'augmentation du traffic routier dam les 
villes des pays en voie de developpement pourraieiit etre envisages avec des reponses non materielles tels que 
la gestion de la demande de transport, la planification reflechie et la reussite d'une meilleure rkglementation. 

RESUMEN: Resumen: La urbanizacion acelerada y el alto crecimiento de 10s indices de trafico en las 
ciudades de 10s paises en vias de desarrollo estin provocando una serie de efectos negativos para el medio 
ambiente como son 10s atascos, el ruido y la contaminacion. Por otra parte, las autoridades urbanas locales no 
pueden hacer frente a1 costo que supone la construccion de nuevas carreteras para resolver 10s conflictos 
derivados del aumento sin precedentes de la circulacion en las ciudades. Las soluciones que pasan por la 
puesta en marcha de grandes obras publicas son, tanto desde el punto de vista economico como ambiental, 
inviables en 10s paises en desarrollo. Tomando como referencia Harare, la capital de Zimbabue, este articulo 
propone otro tipo de soluciones a 10s problemas descritos, tales como la gestion responsable de las demandas 
de transporte, la planificacion de estrategias y la mejora de las ordenanzas urbanas. 

1 INTRODUCTION 

Many governments in the developing world recently 
liberalised their economies. Liberalisation has 
impacted on a wide economic spectrum including 
the transport sector. In Harare (capital city of 
Zimbabwe) for example, traffic has increased 
rapidly in the last 5 years following the 
Government's decision to liberalise the economy in 

1993. The opening up of the economy resulted in an 
increase of both commercial and private vehicles. 
Commercial vehicles, including public service 
vehicles (PSV) were permitted to enter the country 
at very low duty rates. Private vehicle importers 
were allowed to import vehicles without the need to 
apply for an import licence. The net result has been a 
rapid increase in traffic on the city roads, which has 
resulted in congestion and other environmental 
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problems such as accidents and pollution. Thus, the 
reputation of a “sunshine city” the capital was 
dubbed in the early eighties is increasingly being 
questioned. 

The current traffic congestion in Harare, is a 
problem that is experienced in many other cities of 
the developing world. One of the biggest challenges 
of cities of the developing world in the coming 
millenium is to resolve the problems related to 
traffic growth. In as much as central and local 
governments want to address the problem by 
constructing new roads, the solution is not tenable as 
financial resources are limited and traffic would 
simple grow to congest the new road infrastructure. 

This paper seeks to assess the present traffic 
problems in cities of the developing world using 
Harare as a case study. The paper is a result of 
extensive discussions conducted with a wide 
spectrum of stakeholders in Harare that include 
technocrats, politicians academics and lay people. It 
is a critique, and endeavors to assess the traffic 
problems and how the city of Harare has attempted 
to resolve them and the lessons to be learned by 
other cities. The paper will argue that the traffic 
problems in cities of the developing world can 
successfully be addressed by methods other than the 
construction of more roads. 

2. City characteristics and traffic growth 

With a population of approximately 1.7 million 
(current estimates), Harare like many other cities of 
the developing world is experiencing the stresses of 
rapid growth. The population has grown by an 
average of approximately 6.5 percent per annum 
since the early eighties. 

Harare is the capital and principal industrial and 
administrative centre. The main road network is a 
radial system connecting the various residential 
areas with the Central Business district (CBD). 
Within the CBD, there is a grid road network. The 
principal industrial areas are located to the southwest 
of the city. Low density residential areas are found 
in the north while high density residential areas are 
located to the south. 

Traffic, has grown at an unprecedented rate 
particularly in the last 5 years. Table 1 shows the 
growth in traffic in Harare and the country as a 
whole. 

Table 1 : Trends in Traffic Growth (1 994-1 998) 

Source: Central Vehicle Registry 

Although overall traffic has increased, the rate of 
increase has been higher in Harare compared to the 
country as a whole. Between 1994 and 1998 traffic 
has grown by an annual average of 11% and 16.5% 
in the country as a whole and Harare respectively. 
The increase of traffic in Harare from about 220 000 
in 1994 to nearly 400 000 in 1998 represent an 
approximate 80% growth. 

Focusing on public transport, the number of 
public vehicles increased from about 850 in 1993 to 
the current estimated figure of 6000. While the 850 
public service vehicles operating before 1993 were 
mainly conventional buses and operated by a single 
company, the 6000 vehicles is a diversified fleet 
operated in competition by a multiplicity of 
operators. 

The results of traffic counts on the cordon 
boundary close to the CBD in Harare between 1990 
and1998 show that traffic crossing the cordon 
boundary has been increasing. Figure 1 illustrates 
the growth of traffic on the cordon boundary. 

G R O W T H  O F  T R A F F I C  O N  M A J O R  
C O R D O N  B O U N D A R I E S  O F  H A R A R E  

I 

1 8 0 0 0 0  
1 6 0 0 0 0  

, v) 1 4 0 0 0 0  

5 1 0 0 0 0 0  
5 1 2 0 0 0 0  

2 8 0 0 0 0  

6 6 0 0 0 0  
’ 4 0 0 0 0  

2 0 0 0 0  
0 

1 9 8 5  1 9 9 0  1 9 9 5  2 0 0 0  
, 
I Y e a r  
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Traffic on the major cordon boundaries has 
increased by an annual average of about 5% since 
1990. However, for the period 1995 to 1998, the 
annual average growth was approximately 10%. 

(National) I 38 777 I 43 357 

3. Effects of traffic growth 

58 101 

From interviews conducted with a cross section of 
people in Harare, there was a general consensus on 
the negative impacts of traffic to the quality of the 
urban environment. The main detrimental effects 
cited were congestion, pollution, noise, accidents 
and the general city aesthetics. The effects of 
congestion are apparent as heavy congestion is 
experienced on most city roads within the Central 
Business District, particularly during the morning 
and evening peaks. Average travelling speeds have 
decreased from approximately 35 km/hour (late 
eighties) to about 18 km/hour (Department of 
Physical Planning and University of Zimbabwe 
unpublished surveys). 

In view of the non-existence of statistical data on 
pollution and noise measurements, it becomes 
difficult to provide evidence on how traffic pollution 
and noise have impacted on the environment. 
However, most Harare residents perceive vehicle 
pollution as a serious problem. This is quite evident 
from observations on emissions from moving 
vehicles. 

Noise is another negative environmental effect of 
traffic growth. Apart from the noise produced by a 
large number of highly diversified fleet, public 
transport termini within the CBD are known to be 
noisy places. The noise comes from hooting 
vehicles, vendors selling their goods and “rank 
marshals” touting for passengers. 

Accidents in Harare have increased with the 
increase in traffic. Table 2 shows accident trends 
from 1996 to 1998. 

As illustrated by the tables 1, approximately half the 
total accidents in Zimbabwe occur in the capital. The 
accidents rate (measured in number of accidents per 
1000 vehicles) in Harare, increased from 67 in 1996 
to 607 in 1998. During the same period, the death 
rate increased from 11 to 14. 

Most of the accidents are caused by commuter 
omnibuses, which are privately operated public 
transport vehicles. Although accident statistics do 
not make a distinction between commuter 
omnibuses and conventional buses, there are a 

Table 2: Accident trends, 1996-1998 
Year I 1996 I 1997 1 1998 
Total accidents 

(Harare) 
Harare as a 
percentage of 
National 
Accidents per 1000 
vehicles (Harare) 

27 382 

46.3% 

Total fatalities 
(Harare) 
Fatalities per 1000 
vehicles 
(Harare) 
Source: Zimbabwe Traffic Safety Board 

number of reasons that attribute commuter 
omnibuses to most of these accidents. 
The crew is normally remunerated on the basis of 
revenue earned. In order to maximise revenue, the 
crew try to make as many trips as possible. 
Consequently, the driving behaviour of commuter 
omnibus drivers leaves a lot to be desired. Drivers are 
known to drive very fast and sometimes involve 
themselves in some of the most complicated and 
dangerous manoeuvres on the road. Courtesy on the 
road and basic safety regulations are not adhered to. 
For instance overtaking on the wrong side, and 
passing through red traffic signals are common 
practices. 

4. Addressing the problem: Council Response 

The manner in which the City of Harare has 
attempted to resolve the traffic problem has been 
described by one expert as “piecemeal half backed 
solutions”. Some solutions have been suggested and 
never got implemented. Among the solutions 
considered by the City of Harare were: 

4.1 Banning deliveries in the CBD by heavy 

The proposal to ban heavy goods vehicles (HGVs) 
in making deliveries in the CBD during the normal 
working hours was conceived in the early nineties. 
The proposal was not properly marketed and hence 
the resistance by key stakeholders in commerce and 
industry. At any rate the proportion of HGVs 
making deliveries during the normal working hours 
is small. This solution could not have therefore 
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alleviated the traffic problems within the city. 
Consequently, the proposal was shelved before 
implementation. 

4.2 Box junctions 
In 1996, the City Council attempted to introduce 
“BOX JUNCTIONS” at most of the congested 
intersections in the CBD. The purpose of box 
junctions was to prevent motorists from entering and 
unnecessarily stopping in the middle of an 
intersection and thus causing congestion. Although a 
lot of money was spent painting the intersections, 
the legality of “box junctions” was challenged and 
the scheme had to be abandoned before 
implementation. 

4.3 Proposal for  an Urban Traffic and Transport 

The proposal to form an Urban Traffic and 
Transport Authority for Greater Harare was mooted 
in 199 1. The authority would have been tasked with 
the major responsibility of addressing the negative 
effects of traffic growth in Harare. Despite 
numerous meetings held, no decision was made and 
it appears as though the issue has now been 
conveniently forgotten. 

Authority (UTTA) 

4.4 Traffic Management Local Plan 
In 1995, the City of Harare commissioned a Traffic 
Management Subject Plan. Its main objective was to 
“put in place a framework for management of traffic 
in Harare through review of existing traffic planning 
and management systems, rationalisation of use of 
existing traffic infrastructure and other strategies for 
improved and efficient circulation of all modes of 
transport”. It was hoped that the study would 
provide answers to the traffic problems in the city. 
The period that the study was being conducted 
provided a needed reprieve to the city fathers. 
Whenever questions were raised on what the city 
fathers were doing to resolve the traffic problem in 
the city, the awaited study was given as the solution. 
The final report of study was found to be very 
inadequate in terms of providing solutions. 
Notwithstanding the massive payment made to the 
consultant, the report is now gathering dust. 

4.5 Banning of commuter omnibuses in the CBD 
With effect from 1 August 1999, the City Council 
banned commuter omnibuses (privately owned 
public transport vehicles) from entering the CBD 
and had to drop passengers on the outskirts of the 
city. Council argued that the move was an honest 

attempt to reduce traffic congestion in the central 
area. A proposed inner city shuttle service that was 
never implemented was supposed to move 
passengers from the respective termini into the heart 
of the CBD. This restriction which was strictly 
enforced by the police threw the city into confusion. 
The criticisms from both members of the public and 
professionals forced the Commission running the 
affairs of the City to abandon the proposal two days 
after its implementation. 

4.6 Introduction of one way streets 
In an attempt to improve traffic flow, the City of 
Harare in 1997 converted four streets into one way 
systems. The introduction of one way streets has 
increased the capacity of the network and in turn 
marginally improved traffic flow. Further 
implementation of one way streets in no ‘longer 
possible, as there are no more ideal streets suitable 
for conversion. 

5 Addressing the problem: what should be done? 

The response by the City Council in addressing the 
traffic problems clearly shows indecisiveness and 
crisis management. Many proposals and initiatives 
discussed above were never implemented. Bad 
governance has also compounded the problem. 

The present problem calls for solutions that 
would support a better quality of life on a sustained 
manner. There are a number of alternatives that can 
be considered in order to address the problem of 
traffic and its impact on the environment. These 
alternatives include: 

5.1 Need for  good governance 
In respect of good governance, the key issue is 
effective resource management and utilisation. Lack 
of good governance is one of the problems that has 
resulted in the deterioration of urban infrastructure 
in many cities of the developing world. This 
problem has of late affected service delivery within 
the City of Harare. For instance the state of roads in 
Harare that are now characterised by potholes is a 
result of mismanagement and corruption tendencies 
that rocked the City for the past four years. In June 
1999 the entire Council had to be dismissed for 
mismanagement and corruption. Financial resources 
were often diverted from budgeted infrastructure 
projects to schemes that would serve the interests of 
a few individuals. Good governance provides a 
framework for the successful implementation of 
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alternative solutions to address the problem of 
increasing traffic within the city. 

5.2 Need for  travel demand management 
Transportation Demand Management (TDM) has a 
role to play in addressing the present and fkture traffic 
problems in Harare. In essence, TDM measures are 
concerned with the alteration of travel and traffic 
behaviour in order to enhance the efficient use of the 
existing road infrastructure and facilities. Its main 
objective is to maximise the people-moving capacity 
of the transportation system and employ relatively 
cheap methods to tackle traffic problems without 
resorting to major new road construction thus making 
the best use of the existing road network. Thus, the 
TDM concept would suit Harare, as the local authority 
has no fknds to construct roads that are required to 
accommodate growth in traffic. 

There are three methods that can be used in the 
application of TDM in order to manage traffic flow, 
namely, shifting trip dependence, reducing the need 
for a trip and reducing car dependence trips. 

Traffic flow can be improved by shifting the trip in 
terms of the use of alternative routes and alternative 
times. The former can be achieved by encouraging 
motorists to choose alternative routes. Alternative 
times are achieved by shifting time bands through 
measures such as staggered working hours and 
flexitime. It would be more effective to encourage the 
public to promote these schemes voluntarily rather 
than making them mandatory. It is instructive to point 
out that staggered working hours were implemented in 
1988 in all urban areas in the country with disastrous 
results. No proper consultations were made with 
stakeholders, principally the local authorities, 
industrialists and the general public to explain the 
advantages of this novel concept. Secondly, all urban 
areas were required to implement the staggered 
working hours measure whereas smaller urban 
communities were not experiencing any traffic 
problems at all, consequently creating problems where 
they didn’t exist. 

A reduction on car dependence trips is necessary in 
order to minimise congestion in urban areas. A car is 
an inefficient user of road space due to its limited 
capacity. Therefore making efficient use of the vehicle 
and using alternative modes with a larger capacity can 
reduce trips made by car. The former can be achieved 
by encouraging people to share their cars. A 
significant shift to public transport would meet the 
requirements of the latter. It is important to make 
public transport attractive by reducing its generalised 

costs if people have to abandon their cars in favour of 
public transport. One way of increasing the reliability 
of public transport is to implement bus lanes on 
heavily congested streets. There are a number of 
streets in Harare, which qualifL for such schemes due 
to severe congestion and a high volume of buses. 

The third area relates to transport-land use 
integration. Transport-land use integration is an 
important measure in reducing both transport costs 
and the need for travel. Residential areas in Harare are 
located far from work places. A combination of two 
measures can achieve this integration. Firstly, 
industrial and commercial functions need to be 
decentralised so that they are in close proximity to 
residential areas. Consequently, the need to make trips 
to the traditional Central Business District and 
industrial areas is minimised. Secondly, the use of 
vacant space in between work places and the present 
residential areas has to be developed for residential 
purposes. Such a move would enable buses and other 
forms of public transport to pick passengers in both 
directions as opposed to the present “unidirectional” 
trips in which buses pick passengers in one direction 
during peak periods. 

5.3 Need for  strategic planning 
Piecemeal planning is not the solution for a large 
and growing city like Harare. The City of Harare 
needs a long-term strategic transportation plan. Such 
a plan should address the future provision of 
transport infrastructure, public transport, and the 
integration of land use and transport. The 
transportation strategic plan cannot be the 
responsibility of the City alone. All stakeholders, 
including civic society and the private sector need to 
be involved. 

6 CONCLUSIONS 

The city of Harare, like many other cities of the 
developing world, is experiencing unprecedented 
growth. Such growth is placing severe pressure on 
services including transport, which is central to 
development. Harare is not unique in this situation. 
Many local authorities in the developing world are 
faced with immense challenges in developing a 
sustainable urban transport system that is responsive 
to changing demands. Experiences of the city of 
Harare in an attempt to introduce “piecemeal 
solutions” and “crisis management” should provide 
ample evidence and lessons for other cities as they 
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approach the new millenium. Such solutions are not 
sustainable. 

The solution to construct roads to accommodate 
increasing traffic is not environmentally and 
financially feasible. Local authorities do not have 
the requisite financial resources and additional roads 
will attract more traffic compounding the 
environmental problems. Travel Demand 
Management techniques, which essentially address 
travel and traffic behaviour as well as the integration 
of transport and land use, are more appropriate in 
resolving transportation problems in fast growing 
urban areas. A long-term strategic transportation 
plan will be needed to address the problems in a 
comprehensive manner. These measures need to be 
complemented by good governance particularly in 
resource management. 
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Analysis of the air quality-transportation policies in Mexico City 
Analyse des politiques de qualit6 de l’air et transport i la Ville du Mexique 
Andisis de politicas de calidad del aire y transporte en Ciudad de Mkxico 

A.Villegas L6pez 
Transportes y Vialidad, Direccidn General de Planeacidn y Vialidad, Mixico, D. E ,  Mexico 

ABSTRACT: Mexico City Metropolitan Area (MCMA) is air polluted, mainly from fuel vehicles, and 
negatively affecting population’s health and productivity. MCMA needs a policy addressed to reduce toxic 
emissions, while maintaining economic development and transportation services supply. Criteria is defined to 
assess current and alternative policies. Status quo policy is based on a temporary measure consisting of a ban 
for cars to run normally, while other responses were supposed to take effect. Alternative policy substitutes 
driving ban by enforcing rapid modernization of the fleet, taxing fuels, and absorbing demand increase by 
expanding mass transit. Evaluation shows that alternative policy is effective and fair, and would generate 
ecological investment. Interests of federal government and its legal ability to control decisions are supporting 
the continuation of the status quo policy. Stronger state and capital city governments and a change in attitude 
of the federal level, would contribute to reduce air pollution. 

RESUME: L’Espace Metropolitain de la Ville du Mexique est contaminee, surtout des carburants 
automobiles, ce qui affecte la sante et productivite de ses habitants. Il’y a besoin de reduire des emissions, 
sans ignorer le development economique et le fournissement de transportation. Les politiques actuelles et 
alternatives s’ont evalue. Le status quo est basie sur I’interdiction de utiliser vehicules, un jour par semaine, 
alors que d’autres mesures etaient supposee porter fruits. L’alternative encourage une modernization des 
vehicules, en establissant des impots sur les carburants et en absorbant demande, au inoyen d’un traffic en 
masse. L’evaluation demontre que I’alternative est plus efficace et juste et qui porrait donner lieu a un 
investissement ecologique. Neanmoins, les interets du gouvernement federal et sa faculte pour controler les 
decisions renforcent la continuation du status quo. Des gouvernements locales plus forts, ainsi qu’un nouvel 
approche federal pourraient contribuer a la reduction de la contamination. 

RESUMEN: La containinacion del Area Metropolitana de la Ciudad de Mexico (AMCM) que genera el 
transporte afecta negativamente la salud y productividad de sus Iiabitantes. Se requiere una politica de 
reduccion de emisiones, sin desalentar el desarrollo economico ni la movilidad. Se definen criterios para 
evaluar las politicas actual y alternativa. El status quo esta basado sobre una medida denominada (tHoy no 
Circula)), mientras otras acciones tomarian efecto. La alternativa subsituye el ~ H o y  no Circula)), mediante la 
modernizacion de vehiculos, aplicacion de impuestos a la gasolina y absorcion del incremento en la demanda 
con transporte masivo. La evaluacion muestra c6mo la alternativa resulta mas efectiva y equitativa, ademas de 
que generaria inversion ecologica. Sin embargo, 10s intereses del gobierno federal y SLI facultad para controlar 
decisiones, respaldan a1 status quo. Tener gobiernos locales mas fuertes, asi coin0 un cambio de actitud a 
nivel federal, contribuiria a la reduccion de la contaminacibn. 

1 AIR POLLUTION GENERATED BY 
COMMUTING 

than 162 days (Instituto Nacional de Ecologia 1997). 
Several times, when IMECA level surpasses the 
level of 250, it is necessary for MCMA officials to 
declare the Stage I of the so called “Environmental 
Emergency Plan”. 

The negative impact on public health from the high 
levels of air pollution can severely affect the quality 
of life, the health care costs, the productivity of the 

The Mexico City Metropolitan Area (MCMA) is 
a highly air polluted region. In 1991, the Mexico 
City daily air quality index (IMECA by its Spanish 
acronym) exceeded the danger level of 200 on more 
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economy, and the general well being of the MCMA 
population. For instance, on October 30, 1996, when 
the IMECA index reached one of the highest levels, 
a survey of the Mexican Health Care Department 
reported that, among people settled in the southwest 
sector of the city, there was a 100 percent increase in 
maladies’ symptoms like irritation of eyes, nose and 
throat, and headaches (El Universul1996). 

Mexico City’s 2,286 meters altitude “reduces the 
level of oxSfgeii by almost a third. As a result, motor 
vehicles produce twice the carbon monoxide and 
hydrocarbon emissions than they would at sea level. 
The surrounding volcanic range traps tlie iioxious 
fumes, stifles the flow of cleansing air currents, and 
spreads pollution.” (KANDELL 1988) There is also a 
high solar radiation and low intensity of wind flows. 
All these lead to ozone production. 

On the other hand, MCMA’s economy is the 
strongest of the Republic of Mexico as it produces 
36 percent of the GDP (The World Bank 1996). 
MCMA’s population grew from 3 millioii in 1950 to 
18 million in 1996. These factors have led to an 
increasing demand of transportation and to a high 
motorization rate that is currently of 6 inhabitants 
per veliiclc. It was estimated that in 1994, 20.6 
million trips were generated in the MCMA and 
forecast for year 2020 is 28.3 million. 

I n  the MCMA there are 3.2 million motor 
vehicles, 85 percent of which are private cars 
(Secretaria de Transportes y Vialidad del Gobierno 
del Distrito Federal 1999). According to tlie 1994 
Emissions Inventory, it is estimated that 75 percent 
out of all toxic emissions generated in tlie MCMA, 
are produced by motor fuel vehicles, including 
private cars, taxicabs, minibuses, buses, as well as 
light and heavy weight trucks. Urban transport 
operation generates 99 percent of carbon monoxide 
(CO), 54 percent of hydrocarbons (HC) and 71 
percent of nitrogen oxides (NOx’s); the retnaiiiing 
percentages come froin industrial and service 
activities as well as electricity generation and natural 
pollution (Departamento del Distrito Federal et.al. 
1997). These figures are the outcoine froin the 
MCMA’s daily fie1 consumption of 48 million 
liters, 50 percent of which is used for transport. 
Among urban transportation vehicles registered i n  
Mexico City Federal District (DF by its Spanish 
acronym), 53 percent of emissions come froin 
private cars. Low capacity transit services operated 
by private organizations like taxicabs and minibuses 
originate 17 percent of pollution. Another 3 percent 
is Fenerated by transit: buses, trolleybuses, light rail 
train and metrorail. The remaining 27 is generated 
by light and heavy weight trucks (Secretaria de 
Transportes y Vialidad del Gobierno del Distrito 
Federal). 

The MCMA includes two jurisdictions. One is tlie 
DF Government, which is the capital city of the 
Republic of Mexico, and where 55 percent of the 
region’s population is settled. The second 
jurisdiction includes 27 municipalities of the 
surrounding Mexico State (MS). There is a technical 
commission at the regional level called Commission 
for Control and Prevention of Environmental 
Pollution in the Metropolitan Area of the Valley of 
Mexico (CMPCCAVM by its Spanish acronym) 
which is responsible for policy coordination in the 
environmental sector. Although most of its staff 
members come mainly from the GDF and MS. 
involved federal agencies are also part of this 
coin in i s s i o n . 

2. POLICY OBJECTIVE 

To achieve the lowest air pollution from 
commuting, while ineeting two supplementary 
goals. To provide at least tlie same or to increase the 
amount of transportation services supply. To 
minimize the negative impact on the overall 
development and efficiency of economy in the 
region. 

3. CRITERIA 

A set of criteria is established in  order to judge 
policy options in regard to stated goal. 

3. I Efectiveness: net hengfit 

This criterion ranks policy options according to 
societal benefit actually entailed by each one, in 
terms of the amount of pollution “avoided” by each 
alternative, and in relation to the amount of 
passengers-trips commuted by the policy iinder 
analysis. 

3.2 Economic and,finuncial possibility: ejjiciency 
and development 

This measures what is the general impact of the 
alternative over the economic development of tlie 
city in  terms of efficiency. 

3.3. Vertical equity trniong commuters 

It measures whether the policy option procure a fair 
penalization among all urban transportation modes 
users. Penalty for polluting should be equally 
implemented; commuters of modes \vho pollute the 
most should be penalized the most. 

16 



3.4 Political, feasibility 

This measures what is tlie actual willingness of 
involved groups toward tlie policy option: federal 
government, PEMEX, GDF, MS, MCMA citizens 
and e iiv i ro nm en ta I act i v is ts, in o to r 
industry and political parties. 

in o to r i s t s, 

4. STATUS-QUO POLICY FOR THE PROBLEM: 
TIHE PROGRAM “ONE WEEKDAY WITNOUT 
MY CAR” (OWWMC) AS A TEMPORARY 
MEASURE WHILE LONG TERM ACTIONS 
TAKE EFFECT 

Since November 1989, this program is targeted to 
private individual motorists. It consists of tlie 
restriction for a single car to be used once a 
\veeltday. Fine for violating tlie no-driving-today 
policy is $107.00 IJSD. The simple rationale 
assumed for tlie one-day-a-week driving ban is that 
it entails a 20 percent reduction in pollutant 
emissions fi-om commuting because of three 
interrelated factors: 20 percent less motor vehicles 
running on tlie streets each weekday, less traffic 
congestion and higher average ruiiiiiiig speed 011 

roads. According to government and independent 
estimates, pollution dropped by about 10 percent in 
tlie first year of tlie operation of this plan. Moreover, 
when the air quality index has exceeded tlie 
“environmental emergency” level of 250, a “two 
weekdays without my car” special program 
(TWWMC) has been implemented. 

Other gasoline propelled vehicles like taxicabs 
and microbuses (privately operated paratraiisit and 
transit services) are included i n  the driving ban, 
although they accomplish it based on a different 
schedule which enables these operators to provide 
full transport supply during the morning rush hour. 
Transit diesel buses are exempted. 

Since I998 both tlie OWWMC and TWWMC 
prograins have been upgraded trough exempting low 
e in i ss ions ve 11 i c 1 es fro in tlie restriction. 

Besides tlie OWWMC and TWWMC, tlie statzrs 
yzro policy for controlling toxic emissions from 
mobile sources includes a set of actions listed below: 

Agreement with PEMEX to improve motor fuels, 
stop selling leaded fuels and introduce alternate 
fiiels . 

Contract with automobile industry to guarantee that 
all nianufactured cars model year 1991 and 
subsequent ones, would be originally fitted with 
catalytic converters. 

Compulsory inspection and Maintenance (I&M) 
prograin with gradually tougher standards. I&M 
program is designed to encourage vehicle’s o\vners 
to tune up their motors and foster older units 
replacement. There are four levels of standards as 
follows. Sticker “2”, TWWMC: vehicles older than 
I 989, which have conventional carburetor and do 
not have catalytic converter. Sticker “ I  ”, OWWMC: 
model years from 1989 to 1992, fitted with full 
injection engines but without catalytic converters. 
Sticker “O”, running everyday: vehicles from 1993 
to 98, which are fitted with three ways catalytic 
converters and full injection engine. For these three 
categories tlie I&M test has to be approved each 
year. Sticker “00”, running everyday: vehicles 
model year 1999 and newer 1Ttted with three ways 
catalylic converter and full iiijection engine: this 
category is compelled to pass tlie I&M test only 
once for a two years period. 

Maintain tlie expansion of metrorail network at a 
rate of 6 kilometers per year. 

Encouraging private transit operators to substitute 
older low capacity vans and minivans ”itliout 
emissions control devices. with new, higher capacity 
microbuses or buses with catalytic converters. 

Pollution has been controlled but has not decreascci 
and the OWWMC and TWWMC programs have 
became permanent. Thus a question is whether the 
actions of tlie S‘tatzr.~ OLIO policy are still effective for 
reducing the generation of toxic gases to the 
environment. Secondly, is there any alternative 
policy that can substitute this policy? 

5 .  POLICY ALTERNATIVE 

It consists of two main compoiients: a traffic 
management strategy and a reinforcement of tlie 
pace and effectiveness for tlie expansion of inass 
transit. This implies two tactics: the first is to 
encourage commuters to use mass transit over fuel 
motor cars; and tlie second is to push motorists to 
use cars fitted with emissions control devices, rather 
than cars without such controls. Traffic management 
strategy is based on a set of economic incentives to 
motorists. Actions included in this policy are: 

internalizing congestion costs from parking on tlie 
road-way. Includes deregulation of parking fares as 
well as introducing parking meters i n  congested 
areas and in sectors closer to Metro stations. 

Long term policy to price fuels including 
internalization of pollution costs and application of 
these funds to build up more and better motorways 
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and overpasses, and to introduce high-tech traffic 
lights control system. 

Strengthening tlie inspection and maintenance 
program and to establish lower toxic emissions 
standards. This would insure, that only vehicles 
fitted with catalytic converters and full injection 
engines are allowed to run in the city. 

To encourage tlie substitution of private transit 
sedans, vans and microbuses with high emission 
standards diesel buses (US EPA 98 or superior). 

Regarding double-deck and single buses operated by 
the GDF, substitution of tlie fleet by introducing 
new diesel buses (US EPA 98 or superior). 

Rapid development of the construction of a 
comprehensive metrorail system that entails the 
required financial support structure, which should be 
based ~ipon a profitable fare system as well as on 
larger capital investments. 

6. EVALUATION OF ALTERNATIVE: 
CRITERIA APPLIED FOR ANALYSIS. OF 
POLICY OPTIONS 

6. I ,E#kcfiveness: Net benefit 

Status quo: OWWMC and TWWMC programs.- 
Despite the fact that unleaded fuel is actually a less 
enviroiiiiientally aggressive combustible, its benefits 
can only be profited by approximately 32 percent of 
tlie gasoline powered vehicles which are fitted with 
catalytic converters and full injection engines. If 
current fieet renovation trend continues, it will take 
more than 17 years to have all gasoline cars fitted 
with such emissions control devices. 

Alternative: private car fleet fitted with catalytic 
converters.- The option of having approximately 3.2 
million cars fitted with catalytic converters and 
r~inning daily i n  tlie city would reduce HC and 
NOx’s emissions. 

Alternative forecast.- Conversely, tlie alternative 
policy would be expected to reduce the actual 
amount of pollution. We would have 3.2 million 
unleaded gasoline powered vehicles fitted with three 
way catalytic converters and fuel injection engines, 
providing transportation to a lower percentage of 
passenger-trips. New diesel buses, replacing 
microbuses, meeting EPA 98 standards would carry 
a bigger percentage of demand and would generate 
low pollution per passenger. Finally, mass transit 
with an expanded Metro network would attend a 
bigger share of tlie modal split, producing marginal 
amounts of po 11 u t i on. 

Which option is more effective?.- As a partial 
conclusion about tlie evaluation of effectiveness, the 
alternative policy is superior as a result of reduced 
pollution from gasoline powered vehicles, lessens 
tlie incremental trend of gasoline powered vehicles, 
substitutes low efficient private transit vehicles with 
buses and expands tlie inass transit network at a 
faster rate. 

6.2 Econoni ic mu‘, finuncial possibility: efjciency 
und developiiient 

Status quo: Who bears tlie burden of tlie 
penalty?.- The OWWMC and TWWMC programs 
make private car cornm~iting more expensive but 
allows motorists to continue polluting at the same or 
higher level than before. Moreover, the no driving 
ban means an inefficient allocatior, of resources as it 
entails both a waste of a portion of tlie car’s capital 
cost, which reduces car’s utility, and a misallocation 
of resources because motorists can not trade off i n  
the market his or her lost of utility. Finally, the 
higher cost afforded is neither invested in pollution 
control technologies, nor collected by tlie 
goveriiment. 

Alternative.- Although several measures proposed i n  
tlie policy alternative certainly entail higher capital 
and operation costs for motorists, this policy 
encourages opportunities for both: to enforce 
gasoline powered vehicles’ owners to internalize the 
cost of polluting by turning the capital higher cost 
i i i  t o i n v e s t m e i i  t fo r e in is s i o n s c o 11 t ro 1 tec hiio 1 o g i es , 
and to convert tlie operation higher cost into tax 
revenue which can be used for funding inass transit 
development and the improvement of urban road 
system. Strengthening the standards of tlie I&M 
program would mean that tlie higher capital cost of a 
car would be turned into commuting with less toxic 
emissions generated per passenger-trip Higher 
parking fees would be converted into new parking 
lots where needed and thus fewer cars parked on the 
road. Introduction of parking meters is an incentive 
for motorists to use mass transit where available or 
other transit modes in congested areas. A higher fuel 
tax would be a way to enforce motorists to 
internalize tlie cost ofpolluting. 

Which option encourages greater economic 
development?.- Altliough policy alternative imposes, 
in the short run, a set of taxes and higher costs to 
motorists, it also modifies driver’s rational behavior 
to actually pollute less, and it turns both higher costs 
and tax revenues into environmental investment. 
Due to tlie fact that this investment generates 
technology Lipgrading and new jobs, the policy 
alternative IS considered economically more 
efficient, and more likely to promote development. 
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6.3 Verlicul equity support tlie OWWMC program to continue. 
However, this is an indicator of motorists’ 
willingness and ability to cooperate for air pollution 
control, rather than recognition of the program’s 
effectiveness for reducing air pollution. Individuals 
surveyed did not think that the program had met two 
basic objectives: reducing pollution and traffic 
congestion, as well as to educate people about 
env i ronmental protection. 

Federal and MS government.- National government 
controls Federal involved agencies, PEMEX and 
MS, and all these have concurrent objectives like: 
protect .jobs of motor industry, fuel price control, 
fuel inonopoly preservation, and privatization of 
economic sectors, All these lead to an attitude of 
support oftlie current Status Quo. 

I n  1989, before the OWWMC program was 
i in p lemen ted , there were huge i nequal it ies among 
modes of transportation in  relation to the difference 
between its share of modal split attended and its 
actual contribution to pollution. While 15 percent of 
commuters driving cars produced 58 percent of 
pollution, 33 percent of passengers riding buses 
produced only 11.5 percent of toxic emissions. 
Finally, 18 percent of urban travelers used inass 
transit and barely contributed to pollution. Tlie 
question is whether these inequalities were 
diminished with tlie introduction of the OWWMC 
and TWWMC programs. 

Status quo.- In 1997, most pollutant commuters 
continued to be car drivers, which shared 20 percent 
of the modal split but contributed to 75 percent of air 
pollution. On tlie other hand, microbus and taxi 
riders contributed less to pollution as 59 percent of 
passenger-trips attended by this mode produced 24 
percent of pollution. Mass transit passengers 
attending 17 percent of demand, barely contributed 
to pollution. 

If observed trends are to continue, tlie status quo 
forecast shows that tlie number of gasoline fueled, 
low capacity and high emission level vehicles will 
be used for moving tlie biggest share of tlie modal 
split, while the number of diesel and electricity 
powered, high capacity and low emissions vehicles 
will meet a smaller share of the modal split. A 
motorist wlio invests more money i n  a car fitted with 
catalytic converter, which Lvill pollute less, is 
penalized exactly in  tlie same amount as a motorist 
wlio invests less money i n  a car not fitted with any 
emissions control devise, which will pollute more. 

Alternative.- If the alternative policy is encouraged 
we can expect that tlie inequalities between the rate 
of pollution per passenger-trip generated by different 
modes would be made uniform. Alternative policy is 
more likely to fairly allocate “shares of pollution’’ 
among proportional shares of demand. 

6. 4 Political jeasibiliiy 

Next, each political actor is classified by Status 
Quo or Alternative options, according to each 
actor’s likely, explicit or implicit support or 
disagreement for each policy option. 

6.4.1 Status Quo 

Motorists.- Based on a survey of MCMA’ 
motorists opinions about the OWWMC program and 
about its effectiveness for reducing pollution and 
traffic congestion, it can be concluded that drivers 

6.4.2 Alternaiive 

Opposition parties and non-governmental 
organizations.- Tlie leader of the DF charter of the 
Democratic Revolutionary Party (PRD by its 
Spanish acronym) considers that “econoinic interests 
can not prevail over the health of millions of 
Mexican citizens”. From 1997 to 2000, PRD is 
ruling tlie first DF local government. However, local 
government resources to rule are constrained as 
budget, public debt and main bills have to be 
approved by tlie federal government. 

I n  general the opposition parties’ point of view is 
that high pollution is due to inadequate management 
of niass transit services. Also, environmental 
protection activists as well as the green party asked 
“to review tlie OWWMC program because it is not 
helping anymore to reduce traffic congestion”. 

Local government.- GDF government is likely to 
support the alternative because its autonomy from 
tlie federal government political agenda. 
Transferring commuters from cars and private transit 
to inass transit, inay mean more intervention of the 
GDF i n  providing transit services. Also, tlie federal 
government and PEMEX would be very reluctant to 
accept local taxes on fuel consumption, which would 
not be re-allocated to Federal programs neither 
wo id d be re-i nvested in PEMEX. Additionally , 
federal macroeconomics policies would be affected 
by a very high increase in gasoline tax because it 
may affect tlie price index in the MCMA, and the 
national price index. 

6.4.3 Which option is more politically,jeasibleP 

Political feasibility of the options is compared i n  
next table. 

19 



Actors Ranked By 
Power and 
Effectiveness To Use It 
In The MCMA 
Federal secretariats 

PEMEX 

CDF 

Motor industry 

MS 

Private transit operators 

R4 oto r i sts 

0 p pos i t i on part i es 
Environmental activists 
and non motorist 
citizens 

Decisions are made at tlie federal level as tlie 
President lias some control over GDF Chief and 
Mexico State governor to malte them follow liis/lier 
national agenda. As federal government does not 
favor tlie alternative policy, tlie Status Quo option 
lias greater political feasibility than tlie alternative. 

7. GENERAL COMPARISON OF POLICY 
OPTIONS 

Status Quo Alternative 

Total Mostly opposed 
sup port 
Total To ta I o p pos it i on 
s LI p port 
Opossed Limited resot~rces 

Mostly Lightly supportive 
s ti ppoi-t i ve 
Mostly Indifferent 
supportive 

supportive support 
Some Support pending 
support oti income 
Opposed Mostly supportive 
Total Supportive 
opposition 

to support 

R4ostly Reluctant to 

Criteria 

Effective 
ness 
Economi 

Efficienc 
Y 

C 

Vertical 
equity I 
Political 1 Feasible: option lias 

Status Quo: 
OWWMC and 
TWWMC Programs 

Less effective 

Less efficient. 
Smaller cost for 
commuters i n  the 
short run but 
inefficient allocation 
of resources and 
discouragement of 
economic 
development in the 
long term. 
Unfair. 

feasibilit 
Y 

I 

beenimpleinented 
since 1989. 

Option: Traffic 
Management and 
Mass Transit 
Development __ 
More effective 

More efficient and 
investment in the long 
run. 

Improves equity 
am on g co mm ti ters . 
Unfeasible: national 
government and 
motor industry 
effectively oppose. 

implemented with relative success during the past 
ten years. Tlie OWWMC and TWWMC prograins 
continue because those are still an effective 
symbolic gesture of tlie government to show ability 
“to enforce a dijjiculf ineastire required by sucli a 
high po I I ut ion circumstances”. Nevertheless, it could 
be drawn that tlie temporary effectiveness of tlie 
Sfatzis Qiio policy lias not substantially reduced 
toxic emissions. The actual achievement of other 
measures i n  tlie Status Quo policy seeins to be 
sinaller than the increasing trend of toxic emissions 
generation in tlie MCMA. As a consequence, 
stronger impacts on public health inay appear soon. 
In  tlie long run, tlie Status Quo policy is not 
encouraging new investments, technology upgrading 
and generation of jobs i n  the transport and 
environment sectors. Tlie federal government 
national agenda seems to be the main support for tlie 
Status Quo policy. 

Tlie Status Quo is politically feasible i n  despite of 
tlie alternative policy’s advantages from the 
effectiveness, economic and equity points of view. 
Liltcliliood for the alternative policy to be 
implemented would be greater to the extent to which 
the interests and tlie ability to control of tlie national 
governnient could be constrained. . i t  would be 
advisable to allow both GDF and MS governments 
to impose local taxes on fuel consumption. National 
govern ni e n t po we r over tlie M C MA ’ s env i ro nin en ta I 
protection policies was reduced by granting liorne- 
rule to Mexico’s capital city and by having local 
legislatures dominated by opposition parties. 
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8. CONCLUSIONS AND IMPLEMENTATION 

Tlie current OWWMC and TWWMC prograins 
as well as its Status QLIO policy have been 
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1.2 Examples of transport policies 
Exemples des politiques de transport 
Ejemplos de politicas de transporte 
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Paris Region mobility plan (PDU): A strategy for the durable development 
of the region and the capital 

Chantal Duchene 
Dreif, France 

ABSTRACT : The clean Air Act, adopted in December 1996, oblige all call cities over 100 
000 of inhabitants to prepare a mobility plan of sustainable transport. This plan has to take 
measures to decrease the car traffic and to develop the use of public transport, bicycle and 
foot. At this moment, in Paris region, the traffic is increasing by 2 % per year. I n  Paris region, 
the State has in charge this plan. It is a big challenge due to the size of the region (1 I ,  3 
millions of inhabitants) and the number of elected bodies with responsabilities in 
transportation. 

To provide support for the development of 
the Paris Region through the enhancement 
of its facilities, such is the ambition of the 
Paris Region mobility plan. The analysis 
conducted by elected representatives, 
professionals and associations was 
concerned with the population density, 
urban and enviromnental quality, social 
cohesion and geographical equilibrium of 
the first region of France. Based on the 
intention to implement a durable 
development strategy, the PDU is required 
to contribute the most effective 
countermeasures aimed at social and 
territorial dualisation, strengthen the 
advantages of the Paris Region in the face 
of competition from other large urban 
centres throughout the world, and polarise 
urban growth by controling its 
consequences. 

The law and its application in the Paris 
Region. 

The 1996 
u t i 1 i sat i o n 
the 1982 
transport, 
nieasures 

law on clean air and the rational 
of energy niodified the article of 
law establishing guidelines for 
relating to PDU plans. The new 

included the obligation to 
prepare a PDU for all urban centres where 
the population exceeds 100, 000, including 
the Paris Region which was not previously 
concerned. 
The PDU must define the principles for the 
organisation of passenger and freight 
transport, traffic control and parking. The 
plan must contribute to reducing private 
car traffic and increasing the use of 
alternative forms of transport, namely 
walking, public transport, bicycles and car 
sharing. The plan must also cover parking 
and the handling of freight, and indicate 
how the main road network will be 
developed and operated. 
The horizon for assessment of urban 
mobility plans was set at five years by the 
new law, so that the immediate emphasis 
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was consequently on optimum 
nianageiiient of existing facilities. The 
potential lies principally in this sector, as 
95 YO of the infrastructures will correspond 
to what already exists at the present time, 
even for more distant horizons such as 
those of tlie development plan (2015) or 
service plans (2020). The PDU for the 
Paris Region is being prepared at the 
initiative of tlie regional level of the central 
Government, involving the Paris Region 
Public Transport Authority, tlie Regional 
Council and the Paris Council. 
Notwithstanding, we regard it as 
particularly important for tlie plan to be the 
result of an approach shared with the local 
municipalities, all of which will 
subsequently be required to adopt 
measures contributing to the concrete 
iiiiplementation of the aims of the mobility 
plan. This is all tlie more important, as the 
objectives defined by the law can only be 
achieved if coherence can be established 
between tlie policies relating to transport 
conducted at all levels, and those relating 
to urban development the operational 
aspects of which depend on the skills and 
expertise of the communes. 
The organisation set up consequently 
involved a participate approach, involving 
the local authorities, including those of the 
departments (elected bodies at infra 
regional level) and municipalities in 
particular, the professional sector and the 
ass o c i at i o n s. A 1 1 li av e participated active 1 y 
in the thematic working groups set up. It 
was these groups which formulated action 
proposals, based on initial phase 
diagnostics, which have made it possible to 
correct any iinperfections identified in this 
way. 
The approach was also decentralised to 
departiiieiital level of the central 
Government, with departmental structures 

in  concert with the departments, coinmunes 
and the professional and associative 
coin III uiii ties . 
I t  was also suggested, at the outset of the 
mobility plan construction phase, that the 
municipalities should get together, in the 
form of local committees, for the purpose 
of defining the local level measures to be 
incorporated in the PDU. 

Continuing increase in private car traffic. 
The results of the last transport survey, 
conducted at the end of 1997, clearly 
indicate changes in transport patterns in the 
Paris region between 1991 and 1997. They 
demonstrate a continuation of earlier 
trends, with a 3 YO increase in  the modal 
share of private car (46 YO ofjourneys), and 
stabilisatioii of the figure for pedestrian 
travel (34 %). The share for bicycles and 
nio t o rc y c 1 e s comb in e d i s s t i 1 1 i n  ar g i na 1 
(less than 2 'YO), although on the increase (6 
'YO), in  particular for travel to and from 
work (20 YO). For the latter category, 
private cars picked up the 2 'YO lost by 
public transport. The same phenomenon 
can be observed for travel to and from 
school. 
While motorised travel for Paris residents 
(16 YO of the total) remained stable, the 
figure for tlie inner suburb departments (37 
'YO of the total) increased by 16 %, at a 
faster rate than for the preceding period, 
while that for the outer suburbs (47 YO) was 
up by nearly 30 %. Furthermore, while the 
number of motorised journeys in Paris 
itself, and between Paris and the suburbs 
(30 YO of the total) remained steady, the 
figure for inter-suburban travel (70 YO of 
the total) was up by 20 %. 
Furthermore, the share represented by 
private cars rose by 3 % for travel in the 
inner suburbs, and 2 YO for the outer 
suburbs, reaching levels never experienced 
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before (77 % and 87 % of journeys 
respectively) in these zones. Geographical 
breakdown expressed in vehicles/km (3 % 
for Paris-Paris Travel, 19 YO for Paris- 
suburbs, 14 YO for inter-inner suburban, 43 
YO for inter-outer suburban travel 
represented the major part of private car 
t ra fti c . 
Any further continuation of these trends 
would be incompatible with the guidelines 
established by the law on clean air and the 
rational utilisation of energy, and a 
reduction in private car traffic in particular. 
I t  is this trend, which is contrary to tlie aim 
of reinforced solidarity and the 
preservation of the environment, which the 
draft PDU sets out to reverse. 

Global policy based on effective parking 
managenlent. 
The actions covered by the PDU, for a 
five-year period, are aimed at : 
- 3 94 reduction in private car traffic, 
expressed in vehicles * h i ,  differentiated 
by urban zone and corresponding public 
transport services, as follows : 5 YO 
reduction for travel inside Paris and the 
inner silburb departments, and between 
Paris and the other departments, and 2 % 
for travel within tlie outer suburbs and 
between the inner and outer suburbs. The 
figure for private cars, relating to the 
nuniber of motorised journeys within tlie 
outer suburbs should be reduced to 85  YO ; 
- 2 % increase in the use of public 
transport, with the modal share 
representing one-third of travel to and from 
words and school, as a result of 
introduction of the (( Tiiiagine ‘R >> card in 
particular ; 
- 10 % increase the pedestrian share for 
distances of less than 1 kni, and for travel 
to and from school ; 

- doubling up of the number of journeys by 
bicycle ; 
- 3 YO increase in the proportion of freight 
carried by rail or inland waterways. 
The. transport policy for the urban 
complex, as defined in the PDU, can only 
be global. This implies articulation of the 
measures decided at each level, namely 
complex, densely populated city, new 
towns and old urban centres, and districts. 
This policy is also based on more efficient 
operation of road and rail networks, arid 
enhanced sharing of the space accessible to 
the general public. This encourages non- 
recourse to the use of private cars, in  
particular through the introduction of a 
global parking policy, the principal tool for 
controlling private car travel. ‘This means 
that it will be necessary to circumvent the 
obstacles, including legal obstacles in  
particular, impeding the introduction of 
efficient parking policy. 
This should make it possible to achieve a 

substantial improvement in pedestrian and 
cyclist comfort, and the quality of service 
offered by public transport, thus reducing 
atmospheric pollution and the emission of 
greenhouse gases, combating noise 
pollution and achieving a material 
improvement in road safety. What strategy 
then can the PDU introduce in order to 
reduce private car traffic ? The initial task 
must be to eliminate travel time differences 
between the various forms of transport 
used, taking due account of their respective 
zones of relevance. I n  particular, this 
strategy must targe: enhanced traffic 
conditions for nieaiis of transport other 
than the private car. 
This consequently leads to hierarchisation 
of the road and public transport networks. 
The rail and expressway network, referred 
to as the master network, must provide 
more efficient transport on a global urban 
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complex scale. I t  is then the task of the 
main road network, on which the various 
modes coexistent, to provide for transport 
within the densely populated zone, while 
structuring transport in the new towns and 
old urban centres. 
Insofar as the cycle track system is 
concerned, different scales niust be taken 
into account. This includes access to the 
stations for long-distance travel at 
met ro p o 1 it an 1 eve 1, s y s t e i n  s providing the 
means to cross the densely populated 
central zone, as also in the new towns and 
old urban centres, together with local 
networks on a district scale. 
I n  addition, pedestrian routes will be 
developed, enabling the local population of 
the districts to move about in safety and 
comfort, while providing easy access to the 
public transport bus and railway stations. 

Preserving global economic operation. 
Strengthening of the advantages of the 
Par i s re g ion i n  e an s pre se r v i ng sat i s fac t or y 
economic operation 011 a global scale for 
tlie entire urban complex. It  is on this scale 
that travel iiiust be made easier, in a 
context where size itself is an advantage. 
'This concerns business travel, transport of 
merchandise and travel to and from work. 
'The operators of the inaster network 
(railways, motorways, expressways and 
water ways ) in  us t tlie r fo re present users 
with an appropriate operating and 
regulation policy, more ample and better 
information, real safety and realistic 
guarantees concerning travel times. 
Measures will be taken to ensure that road 
transit traffic uses bypass routes. 
To reduce road traffic, tlie initial task is to 
encourage the transfer of users from 
private car to public transport, in which 
case the latter must be more attractive in 
terms of travel time and quality of service. 

New policy regarding parking at the place 
of work will lead to a progressive 
reduction in tlie number of free parking 
spaces. This action regarding travel to and 
from work will de conducted in close 
collaboration with the companies, and their 
staff representatives. 
Access to stations on foot, by bicycle, bus 
aiid private car must be made easier aiid 
safer for all categories of user (including 
disabled persons). As regards space 
management, priority must be given to 
access for pedestrians, cyclists and buses. 
The railway system will be organised so as 
to provide a better service throughout the 
day for the high population density zones 
of the inner suburbs, as also the new towns 
and old urban centres. The capacity for 
freight transport on tlie outer rail belt will 
be ni a i 11 t ai ne d. 
Express bus lines , integrated in the main 
bus system, will be extended into the outer 
suburban periphery in order to provide 
end-to-end-links. 
With longer term objectives, and urban 
planning policy aimed at better co- 
ordination between the location of 
residential zones, and public and 
c o inmerc i a1 fac i 1 it i e s and act i v i t i  e s , with 
transport services will be implemented. 
I n  addition, public transport facilities for 
tourists between the various places of 
interest in the Paris Region must be made 
simpler and easier to use. 

Enhancement and development of existing 
facilities in inner Paris. 
As a direct consequence of the density of 
population in Paris itself, coinbined with 
the quality of the public transport network 
(metro and meshed bus network), the 
modal sharing situation for the residential 
population is better in Paris than in the 
suburban depart r i i  en t s. 
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The main problem is still unauthorised 
parking, and this must be reduced by 
substantial proportions. This will make i t  
possible not only to reduce all private car 
travel, but also to achieve more efficient 
operation of the bus network, accompanied 
by greater comfort for pedestrians and 
cyclists, and the delivery of goods under 
better conditions. 
‘The (( bus 2001 >) operation, initiated by 
tlie Paris city authority and the RATP 
(Paris Transport Operator) will be 
integrated in the main bus network. This 
network will require modification for its 
extension outside the (( Boulevard 
Peripherique >) (ring motorway), in 
common with the metro lines. 
The introduction of cycle tracks will be 
continued, while work on pavements and 
road crossing will ensure enhanced 
pedestrian comfort and safety. Cycle tracks 
arid pedestrian itineraries between Paris 
arid the adjacent municipalities will be 
extended. 

Enhanced urban conditions in the suburban 
coin p 1 ex. 
The social and territorial dualisation 
observable at the present time, is resulting 
in an increasing degree of dichotomy 
between the central part of the complex 
served by the metro, with a system of 
public transport enabling residents to 
access all the amenities of the city, and 
outside, a more open city in the 
never t he 1 e s s densely pop u 1 at ed suburban 
part of the complex. The degree of 
integration of population and facilities 
lessens as one moves out from the centre, 
and the existing transport system does not 
allow full benefit to be obtained from 
existing potent ial i ties. 
In this part of greater Paris, where the 
population density is as high as that of the 

major provincial cities of France, the 
policy of (( recreating the city )) should 
make it  possible to reawaken the 
population to the advantages of doing their 
shopping and engaging in leisure activities, 
whether sporting or cultural, in situ. 
Residents must therefore be able to move 
about easily, without using their cars, in 
this cluster of communes which, globally, 
offers the full range of potentialities of a 
city. In this context, particular attention 
will be paid to strategic sites for economic 
r edev e 1 o pm e n t . 
Access to the metro and railway stations 
must be made easier for pedestrians, 
bicycles, motorcycles and buses. Parking 
of private cars round these stations must be 
regulated, with the elimination of long- 
term parking on the surface, and the 
generalisation of short -term pay-parking. 
Collaboration with the companies should 
lead to a reduction in the number of free 
parking spaces provided for staff. 
The main road network will ensure 
enhanced safety for all users. To reduce 
pollution, including noise in particular, the 
road network must be requalified wherever 
possible, taking proper account of local 
living conditions. The network will 
function on a co-ordinated basis between 
the road management authorities, ensuring 
improved traffic conditions for buses. New 
rc g u 1 at i o n s w i 1 1 be i n t ro ct U c e d reg a r d in g 
parking and deliveries, i n  order to ensure 
opt i ni um transport e l f  ’i c i e nc y . 
‘The main bus network, both on the radial 
and ring lines, will offer an efficient 
alternative to the private car. in  ternis of 
speed, regularity. frequenc>., aptitude, cost, 
safety, security, accessibility and comfort, 
in the same way as the trams. i n  particular. 
the bus network must serve tlie most 
sensitive d i str ic t s. 
C o -0 rd i na t ing c o mm i t t ee s , i 11 vo 1 v i ng the 
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Government, the regional and departmental 
authorities, together with the municipalities 
concerned, the associations, the Paris 
Region Public Transport Authority and the 
transport operators, will be set up for the 
main road arteries or centres. The task of 
these committees will be to determine, 
within one year, what improvements are 
required, in  each case, in terms of parking. 
delivery, sharing of space accessible to the 
general public, and general regulation of 
traffic in favour of the buses. 
Definition of the cycle track system, 
including provision for bicycle parking, 
must provide for easy access to stations 
and public facilities, including schools, 
leisure centres and shops in particular. This 
network must be meshed, continuous and 
clearly identified by efficient signs. 
Public parking and delivery policies must 
be harmonised between the different 
communes, so as to be easily 
comprehensible for the user. 

Increased centrality outside the central 
urban core. 
It  has been the objective of the public 
authorities to polarise development, 
outside the central urban core, round the 
new towns and historical urban centres of 
the Paris Region. These should be able to 
operate autonomously on the one hand, and 
in liaison with the other individual centres 
of the complex on the other. 
Th i s ni u 1 tic e n t e r i s t d eve 1 o p men t approach 
assumes a transport policy, as defined by 
the local technical committees, constituted 
on a (( population catchment basin )). Scale 
on the basis of the technical 
recommendations and directions of the 
regional PDU. The coherence and 
harmonisation of parking policy, both 
public and private, and that relating to 
deliveries, must be obtained at this level. 

The primary target is a materiel reduction 
in the number of short journeys by private 
car, in particular for ferrying and shopping 
purposes. This demands the increased use 
of bicycle travel and walking under 
satisfactory conditions of comfort and 
safety . 
These towns must have cycle track 
networks, designed in particular for access 
to stations, public facilities, schools and 
leisure centres. The cycle track routes must 
be clearly identified with appropriate signs. 
Bicycles parked in the vicinity of the 
stations must also be protected from theft 
and vandalism. 
The frequency, amplitude, regularity, cost, 
safety and security, accessibility and 
comfort of the public transport networks 
must be such as represent a genuine 
alternative to the private car for daily short- 
distance travel. As in the densely populated 
zone, the network must be hierarchised, 
with the definition of a structuring/railway 
station access network integrated in the 
main network. Where these cities have a 
number of stations, the internal service 
function must be taken into account in the 
rail transport operational plan. 

Enhanced local living conditions 
The quality of life in each district must be 
enhanced by development of the space 
accessible to the general public. Travel 
safety and security, in particular for 
children and elderly people, must be 
improved. Short-distance travel on foot and 
by bicycle will be privileged. This will lead 
to the developinetit of (( quiet districts )), 

the enlargement of pavements and the 
consequent reduction of road width, and 
the introduction and clear identification of 
pedestrian and cycle track routes. 
The public parking policy for residential 
areas must be aimed at restricting the use 
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of private cars. Parking facilities for 
motorcycles must be properly taken into 
acc o u n t . Appro p r i ate at t e 11 t i  o 11 to d e 1 i ve r y 
requirements should nialte life easier for 
local traders. 
This local transport policy, established at 
district level, must be defined by local 
technic a 1 coin m i t t ee s , wo r k i 11 g c 1 o s e 1 y w i t h 
the communes, on the basis of the regional 
PDU. 

A shared approach involving all partners 
This global strategy is based on a shared 
approach, involving the participation of all 
mu iii c i pal authorities, with the s ti pport of 
the business community and the population 
at large. ‘This assumes a three-part base. 
The first part concerns measures taken by 
the authorities. acting at regional and 
departmental level, in  particular in 
connection with the structuring network of 
the Ile-de-France urban complex. The 
second concerns the coniniunes, the only 
genuinely competent authorities (except i n  
the case of Paris itself) regarding parking 
and traffic matters. 
The third part relates to the direct initiative 
of the business community. The successive 
actions concerning the main network will 
require the introduction of regulations to 
which the local authorities will be subject, 
to make it possible to operate the main bus 
network at a speed and with a regularity 
attractive to users in  particular. To 
encourage greater cohesion between the 
various players, i t  will be necessary to 
define strategie i n  particular with regard to 
parking, and contribute both technical 
recoinmendations and financial aid. 

sector. I n  emulation of what has already 
been done in Lyons, the task is now to 
implement a public consultation phase. 
This should make i t  possible to improve 
the draft, which will be submitted to the 
local authorities, and then subjected to a 
public inquiry, as required by law. It 
should then be possible to implement the 
PDU by the end of the year 2000. 

Conc 1 usion 
We now have draft version of the PDU. 
This is the result of an approach shared 
with all players involved in the transport 

29 



This Page Intentionally Left Blank



Urban Transportation and Environment, Diaz Gonzalez Palomas & Jamet (eds) 0 2000 Balkema, Rotterdam, ISBN 90 5809 128 7 

Policy formulation for an integrated multi-modal public transport plan case study: 
Calcutta, India 

l? Kansal & V. K. Sibal 
Urban Transport, RITES, New Delhi, India 

ABSTRACT: Calcutta is the premier metropolis of Eastern India with a population of 12.07 million in 1991. 
The city has a meager 4.2% road space and its suburban system does not connect work centres. The various 
public transport modes in Calcutta include a Suburban Rail System, one North-South corridor of Metro Sys- 
tem, the various types of buses being operated by different Government and private agencies, a limited ferry 
system for trans-river movement and shared auto rickshaws with no coordination amongst different transport 
modes and they are not functioning as per the roles defined for them in urban transport system planning. In 
view of the growing traffic demand and lack of road space in urban centres, a public transport policy for ur- 
ban areas has been suggested. Specific proposals for transport network and system development alongwith 
necessary integration facilities have been formulated to meet the expected public transport demand. 

1 INTRODUCTION a number of Government and private organisations/ 
p.gencies. Intermediate public transport (1PT)services 

Calcutta, situated on East bank of river Hoogly in on shared basis are also available on some routes. 
the Eastern part of the nation is one of the four The existing transport systems in the study area 
major metropolis of India. Calcutta Urban area, be- are indicated in Figure -1. 
ing a part of Calcutta Metropolitan Area (CMA) is 
the major centre of functional activities of North- 
Eastern region covering a wide hinterland. The 
population of CMA has grown from 2.25 million in 
1931 to 12.07 million in 1991. The city is nodal 
centre for local, regional, national and international 
traffic and transportation and other economic activi- 
ties. 

Calcutta Urban area is the study area and is de- 
fined by Vivekananda bridge in the North, Hoogly 
river in the West, Garia railway station in the South 
and EM Bypass and Salt Lake in the East. The 
population of study area is 4.28 million as per 1991 
census which has grown at a decadal growth rate of 
8% during 198 1-9 1. 

The road network in Calcutta is guided by the 
linear development of the city with major roads run- 
ning parallel to river Hoogly. More recently, the de- 
velopment of some corridors is giving a radial de- 
velopment pattern to the city. 

The Public Transport system in Calcutta consists 
of suburban rail, metro rail, tram, bus and ferry 
services. Suburban rail and Metro rail are being op- 
erated by Indian Railways, the tram system by the 
State Government and the bus and ferry services by Figure -1. 
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2 EXISTING TRANSPORT SYSTMS 3 PRESENT TRANSPORT DEMAND 

The study area has a North-South corridor of subur- 
ban rail system with a small East-West link (not in 
much use). The total system length is about 32 km 
with 12 stations. The number of suburban passen- 
gers served by Indian railway has increased from 
0.85 million per day in 1970-71 to 1.65 million per 
day in 1996-97 at an annual growth rate of 2.6%. 

Existing Circular rail (1 3.5 km.) is providing di- 
rect access from North Calcutta to Central Business 
District (CBD) in Calcutta. Presently, it has diesel 
traction service operated on single line and carry 
about 25000 passengers per day. 

Metro rail (1 6.4 kin.) with 17 stations from D~iiii 
Dun1 to Tollyganj is operating 63 pairs of trains on 
an average weekday. At present, Metro rail is heav- 
ily under utilised, carrying only about 0.2 million 
passengers per day. 

Major Government agencies operating buses in 
Calcutta are Calcutta State Transport Corporation 
(CSTC) and Calcutta Tramways Company (CTC). A 
large number of private operators operate regular 
sized as well as mini bus services all over the city. A 
total of about 5000 buses are operating on about 350 
routes carrying about 4.5 million passengers and 
providing about 0.65 million bus-km. service per 
day. 

Train service, the oldest mechanised mode of 
transport in Calcutta has deteriorated over a period 
of time. The existing tram network in Calcutta is 
about 60 km. long. About 180 trams run on 30 tram 
routes on an average weekday providing 54 lakh 
tram-km of service. Passenger patronage of tram has 
decreased from 0.25 million passengers per day in 
1993 to 0.20 million passengers per day in 1997. 

Ferry services were introduced in 1970's to pro- 
vide easy access to trans-river traffic. The system 
carries about 0.25 million passengers on an average 
weekday. 

IPT, an unorganised public transport service is 
also running on fixed routes with fixed fare on 
shared basis. Auto rickshaw carry about 1 .O million 
and taxi carry about 1.5 million passengers on an 
average weekday. 

Thus, the total public transport passenger trips by 
different modes can be summarised as: 

Mode 
rn Suburban Rail 

Metro Rail 
Train 

a Bus 
n Ferry 

Taxi 
8 Auto rickshaw 

Total 

No ofpasscngers (million) 
1.65 
0.20 
0.20 
4.50 
0.25 
1.50 
1 .oo 
9.30 

Percentage 
I8  
2 
2 
48 
3 
16 
1 1  

100 

Extensive primary traffic surveys were carried out in 
the study area to assess the present traffic intensity 
and movement pattern by various public transport 
modes. These surveys included Household Travel 
surveys and Origin-Destination (0-D) surveys of' 
Metro rail, suburban rail, bus and ferry passengers. 

The base year 0 - D  matrix has been generated by 
combining two components i.e. internal trips (55 
zones) derived from the household travel survey and 
external trips from the data collected through 0 - D  
surveys of passengers of various modes. A per cap- 
ita trip rate (PCTR) of 1.0 including the intra-zonal 
trips (0.9 excluding the intra-zonal trips) along with 
a 75% modal split in favour of public transport was 
derived from the data analysis. The total trip attrac- 
tion of the study area works out to about 9.0 million 
per day. The present transport demand is assigned 
on the integrated multi-modal public transport net- 
work. Suitable mode change penalties have been 
imposed to take care of the time spent for changing 
the mode of transport. The trip assignment on ex- 
isting transport network has been cross-checked 
with the ground counts of traffic at various screen 
lines and the model was calibrated to get the results 
of assignments and ground counts within the accept- 
able limits ie. +/- 5%. 

The inner core of CBD attracts highest volume of 
vehicular and passenger traffic. In addition, a large 
number of trips pass through this area to reach their 
final destination. On an average week day about 0.4 
million vehicles including about 40,000 buses move 
through this area. 

Suburban rail corridor (North and South section) 
is the major travel corridor for suburban rail passen- 
gers. Metro rail section between Esplanade and 
Chandani Chowk is heavily loaded, carrying about 
0.12 million passengers. Ferry and tram are not 
playing major role in meeting public transport de- 
mand in the study area. 

4 HORIZON YEAR TRANSPORT DEMAND 

Traffic counts on important locations carried out on 
routine basis by the State Government shows that 
traffic volume is growing @ 1.5% to 7.0% annually 
depending upon the location. The average growth 
rate at various screen lines is estimated at 3% per 
annum. 

Base year traffic demand is projected for horizon 
year 201 1 by combining the intra and inter city trips. 
While the intra-city trips are projected based on the 
expected trip generation rate, landuse distribution 
and development programmes, the inter-city trips 
are projected on the basis of estimated growth rates 
on various corridors/modes. Horizon year 0 - D  Ma- 
trix is assigned on the integrated transport network 
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Figure-2. 

by using capacity restraint assignment technique. 
Total number of trips (external and internal) in the 
study area are estimated to be 1 1.32 million in 201 1. 
Present modal split of 75% in favour of public 
transport is taken for horizon year 201 1 also as no 
further increase in the share of public transport is 
expected in next one decade. 

The Assignment of horizon year 0 - D  matrix on 
existing network shows that in addition to the exist- 
ing rail corridors, 5 East-West and 4 North-South 
road corridors will become high density traffic 
corridors (Figure-2). 

5 PUBLIC TRANSPORT POLICY 

The growing demand for urban transportation and 
lack of road space in urban centres to accommodate 
increasing vehicular traffic stresses the need for an 
efficient public transport system and a public 
transport policy at national level. The road space 
required by bus, car or two-wheeler to meet a given 
urban transport demand varies in the ratio of 
1:44:73. In a city like Calcutta where area under 
road is only about 5%, a high capacity public 
transport system must be given top priority. It will 
significantly reduce the congestion, operating cost 
of vehicles and environmental pollution. The public 
transport modes are least energy intensive and carry 
a large number of passengers using less space per 
passenger as compared to private modes of 
transport. The rail based systems are comfortable, 
convenient and reliable and use only about 1/6'h of 
the space required by an equivalent capacity road 
system providing an environmental-friendly 
transport service. 

In the hierarchy of transportation supply, rail 
transit system of varying capacities should be on 

high density corridors followed by standard buses 
on the main corridors acting as feeders to rail transit, 
while mini-buses may operate on corridors of low 
traffic intensity. Personalised vehicles, non- 
motorised transport and intermediate modes of pub- 
lic transport should provide easy access to the mass 
transport system. 

There is a definite uncertainty regarding the size 
of funds likely to be available for the public trans- 
port system development, and inter-governmental 
agreement for building primary urban public trans- 
port facility. Further, there is no clear cut institu- 
tional programme for the urban transport develop- 
ment including finance at national level. 
Uncertainties also exist at the micro level like in bus 
route planning and operation of trams, etc., 

Therefore, one rigid plan for public transport 
system development for Calcutta is not recom- 
mended. On the other hand, it has been considered 
useful to bring out a reasonable Perspective Plan for 
the public transport system which can yield to in- 
cremental development and changes through Five 
Year Plans and Annual Plans. 

The public transport policy is based on the following 
principals; 

Highest priority assigned to public transport sys- 
tem in the total transport scenario. 
For a metropolis with transit travel demand in ex- 
cess of 10 niilliodday, the primary mode of pub- 
lic transport should be rail based. 
In consonance with the growth of central city and 
suburban travel, priority may be assigned to en- 
large transport linkages and services between 
central city and suburban area. At the same time, 
specific service for the city area need to be con- 
sidered. 
Attempts must be made to increase the capacity 
of existing road network by re-organising/ modi- 
fying the existing traffic operations and reducing 
unwarranted competition amongst various modes 
of public transport as well as amongst various bus 
routes. 
It has become urgent to institutionalise the total 
urban transit for planning, financing, develop- 
ment and strategic management to start with. At a 
later stage, the operation of different modes may 
also be considered for suitable integration and co- 
ordination. 
Urban transit development plans need to be made 
on the consideration of marginal cost and benefit 
and maximisation of available capacities of the 
systems and subsystems. 
Urban transit development proposals should pro- 
vide suitable integration among various sub sys- 
tems by the provision of efficient interchanges 
and service linkages. As a part of integration, 
common ticketing system may be considered to 
be introduced gradually. 
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ti In the context of the need for the comprehensive 
development of urban transport at least in mega- 
cities, it is necessary to have a national level act 
on urban transport defining the development ob- 
jectives and laying down the rules of business 
including the establishment of an independent 
commission for fare and pricing of urban trans- 
port. 

6 PUBLIC TRANSPORT PLAN 

All the projects under consideration of the State 
Govt. and likely to be materialised by the year 201 1 
are included in the alternative public transport net- 
works. These are : 

a. Extension of Metro Railway from Tollyganj to 
Garia. 

b. Doubling and electrification of Circular Rail- 
way from Dum Dum to Princep Ghat and then 
up to Majerhat. 

c. Operation of suburban rail services on Kankur- 
gachi Chord. 

d. Extension of Metro railway from Dum Dum to 
Barrackpore 

e. Transport infrastructure development project 
being implemented under financial assistance 
from OCEF of Japan. 

The basic horizon year network also includes many 
new proposals that are considered absolutely essen- 
tial to meet the estimated transit demand. These 
proposals are : 

' 

i. Improvement in frequency of operation of 
Tollygang - Dum Dum section of Metro Rail 
with suitable inter-modal transfer facilities. 

ii. Introduction of 3-4 coach modern tram system 
(Light Rail Transit - LRT) on exclusive right 0: 

way with or without grade separation. 
iii. Upgradation of existing tramways on corridors 

these are most suited. 
iv. Improvement in efficiency of bus system with 

suitable bus priority and management measures. 
v. Introduction of a new ferry service between 

Nimtala and Howrah station along with upgra- 
dation of infrastructure facilities at ferry ghats. 

vi. Timely completion of already planned road im- 
provement projects including 2'ld Vivekanand 
bridge, Belghoria Expressway, Southern Ex- 
pressway connecting EM Bypass and Diamond 
Harbour Road. 

vii. Other important road facilities proposed to be 
taken up for implementation. 

The introduction of modern tram system on exclu- 
sive right-of-way with or without grade separation, 
upgrading existing tramways on suitable corridors, 
the need of high capacity rail based public transport 
system, high cost of Metro rail and optimum utilisa- 
tion of available systemshnfrastructure are taken 

into consideration while developing integrated 
multi-modal public transport planhetworks. 

In addition to the existing ferry services, two new 
ferry services on high demand corridors Nimtola- 
Howrah Station and Princep Ghat-Howrah Station 
become essential to meet trans-river traffic demand. 

The predominance of bus services will continue 
in meeting the total urban public transport demand 
of Calcutta. Therefore, it becomes essential to in- 
crease the capacity of roads by widening of roads, 
construction of new links, construction of flyovers 
and traffic engineering and management measures 
and also through various bus priority measures. In 
the modified system, the buses will provide feeder 
service to the rail based system and therefore, the 
priority of improvement of road links should be 
based on the proposed transport plan. 

Three alternative public transport networks have 
been developed and evaluated against common pa- 
rameters (passengers served, passengers-km and 
passengers-km/km), keeping in view that no public 
transport facility will be created in parallel to exist- 
ing/planned facility. The recommended public 
transport network is presented in Figure-3. 

The recommended public transport network in- 
cludes metro rail extension from Tollygunj to Garia 
(8 km.), a 30 km. long network of LRT/modern tram 
on 3 major travel corridors, a route length of 24 km. 
for exclusive busways and ferry services from 
Howrah to Princep Ghat and Howrah to Nimtala. 

The proposed implementation plan (given below) 
suggests that the proposals relating to busways, 
Ferry services and suburban rail services on 
Kankurgachi Chord must be implemented immedi- 

Figure-3. 
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ately (by the year 2001). The doubling and electrifi- 
cation of circular rail from Dum Dum to Majerhat, 
Metro extension from Tollyganj to Garia and 3 out 
of 4 LRT corridors must be completed by the year 
2006. The extension of Metro rail from Dum Dum 
to Barrackpore and LRT corridor connecting Kasba 
with Majerhat are proposed to be operational by 
201 1. The road development programme has to be 
done on a continuous basis. 

TRANSPORT SYSTEM YEAR 

2001 2006 2011 

Metro 
8 Tollyganj to Garia 
8 Duin Durn to Barrackpore 
Suburban Rail 

Circular Rail 
> Duin Duin to Princep Ghat 
P Princep Ghat to Majerhat 

Kankurgachi Chord 

LRT 
8 Joka to Majerhat 
n 

8 Joka to Tollyganj 
8 Majerhat to Kasba 

Bidlian Nagar to Fairlie Place 

Ferry 

11 Howrah to Niintala 
Busways 

Durn Durn toMajerhat 
8 Park Circus-E.M. Bypass 

Crossing to BBD Bagh 

Howrah to Princep Ghat 

Road Developinent Projects Continuous Process 

7 COSTING AND FINANCIAL ANALYSIS 

The cost benefit analysis for all the three alternatives 
has been carried out by taking into account the 
estimated social benefits and the revenue likely to be 
earned through fare box revenue. The Internal Rate 
of Return (IRR) for the recommended alternative 
comes to 15.3%. 

The implementation of recommended public 
transport plan will require US$ 100 million by 2001, 
US$ 600 million by 2006 and another US$ 300 mil- 
lion by 201 l .  Thus, the total investment required for 
implementation of the recommended plan will be 
US$ 1 .O billion spread over a period of 12 years. 

8 CONCLUSSIONS 

ited role. The physical and operational coordination 
amongst the various modes is completely missing. 

An integrated multi-modal public transport sys- 
tem has been recommended to meet the expected 
public transport demand till the year 201 1. Each 
mode of public transport has been assigned a spe- 
cific role as per its capacity and operational flexibil- 
ity. A definite attempt has been made to ensure shift 
of passengers from road based to rail based public 
transport modes over next decade with the develop- 
ment of necessary infrastructure. 

Most of the major road corridors are heavily loaded 
and are not able to carry the present traffic at desired 
level of service, while the existing Metro Rail is 
heavily under utilised. There has been no significant 
increase in the capacity of suburban rail system over 
last two decades and ferry services play a very lirn- 
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Challenges and perspectives of urban transportation for passengers 
in Mexico City 
Defits et perspectives du transport urbain des passagers i la Ville du Mexique 
Retos y perspectivas del transporte urbano de pasajeros en la Ciudad de Mexico 

E J. Enriquez 
Banobrus, Mkxico D. R, Mexico 

ABSTRACT: Mexico City is one of the largest metropolis in the world, facing serious problems in providing 
a coordinated transportation system. One of the worst outcomes is pollution caused by mobile sources; in ad- 
dition, the low capacity modes have significantly increased its participation in individual’s movement. This 
situation is aggravated in part by the lack of organization from private concessionaires, that have restrained 
investment in infrastructure and equipment, resulting in low service quality and limited financial support for 
the modernization of this sector. This document proposes various strategies to establish an action plan for 
Mexico City, to improve the transportation services and decrease the social cost, which is currently estimated 
around 8,000 million dollars annually. 

RESUME: La vielle du Mexique, une des mttropoles plus grand du monde, a strieux problkmes au degage- 
ment du systkme inttgral du transport. La majeur contribution i la contamination de l’environement est pro- 
voqut pour origines mobiles; additionelment, les modalitts de bas capacite a incremente considtrableinent 
son participation en mouveinent du personnes. Cette situation s’aggrave pour la manque du organisation des 
representants privts, deja qui deourage les inversiones de l’infrastructure et equip, la qualitt des service et a 
diminue &login& les appuis financiers pour sa modernisation. Dam ce document, nous propons quelques 
strattgies pour etablir un plan du action dam la vielle du Mexique, qui propice le ain6lioration des services de 
transport et qui deminue le coat social estimt actuelment est atour du 8,000 millions dollar annuels. 

RESUMEN: La Ciudad de Mkxico, una de las metropolis mas grandes del mundo, acusa serios problemas en 
el desempeiio del sistema integral de transporte. La mayor contribucion a la contaminacion ainbiental es pro- 
vocada por fuentes moviles; adicionalniente, las modalidades de baja capacidad han incrementado conside- 
rablemente su participacion en el inoviiniento de personas. Esta situation se agrava por la falta de organiza- 
ci6n de 10s concesionarios privados, ya que ha desalentado las inversiones en infraestructura y equipo, ha 
rnermado la calidad de 10s servicios y ha alejado 10s apoyos financieros para su modemizacion. En este do- 
cumento se proponen algunas estrategias para establecer un plan de accion en la Ciudad de Mexico, que pro- 
picie el mejoramiento de 10s servicios de transporte y disminuya el costo social, estimado actualinente en cer- 
ca de 8,000 millones de dolares anuales. 

This document has as its main objective to analyze 
the evolution of passengers urban transportation 
system in Mexico City and proposes factors that 
would allow to design an strategy that would result 
in a more rational and order scheme of this impor- 
tant activity. 
Mexico City is characterized by the metropolitan 
area composed of the Federal District, which is the 
capital of the country, and 28 adjacent municipalities 
of the neighbor State of Mexico, is today the fourth 
most populous metropolis in the world, after Tokyo, 
New York and Sao Paulo. It is located in the central 
region of the national territory and since the pre- 
Columbian period, the region has been an important 

political, economic and social center. The urban 
spread cover 5,000 Km’ , representing 0.25% of the 
national territory, corresponding to an area of 2 mil- 
lion km2: According to a 1995 accounting process 
data, 16.6 million people reside in this area, practi- 
cally distributed in equal parts amongst the Federal 
District and the adjacent municipalities of the State 
of Mexico. In respect to the total population of the 
country, Mexico City represents 18%. 
The relative weight of the metropolis economic ac- 
tivity is represented by its concentration of 31% of 
the total GDP and 38% of the industrial GDP. The 
political, economic and social importance of Mexico 
City has caused it to constitute an important attrac- 
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tion pole for migrants, in addition to its natural 
growth that has resulted in a population increase of 
around 80% in the last 25 years. Within the last 
years, the annual rate of population growth was reg- 
istered to be 1.8%, although during the sixties dec- 
ade the rate of growth reached 5.6%. 
The passengers public transportation service in the 
city is provided by a system composed of the sub- 
way, trolley buses, and an electric light train; all of 
which are operated by the Federal District govern- 
ment in addition to the privately concessionaire 
transportation system which operate buses, micro- 
buses and taxis. 
An important component strongly bounded to the 
transportation activity is constituted by the environ- 
mental factor. An annual emission of 3 million tons 
of pollution is attributed to the transportation sector, 
which represents around 75% of total emissions. 
From the total emissions sources linked to vehicles, 
around 48% correspond to private automobiles, 22% 
to taxis, 16% to low capacity concessionaire trans- 
portation, 11% to cargo trucks and the remaining 3% 
to buses and other vehicles. The solution to the air 
quality problem in the city constitutes a policy pri- 
ority for local governments. 
During 1994, the daily stretch average of the total 
trips in the area was estimated to be 29.2 million, 
according to ‘origin-destination’ census prepared by 
the National Institute of Statistics, Geography and 
Information. In the last 20 years, the stretch of trips 
approximately increased 90%. 
To analyze the evolution of modal transportation, 
the year 1976 data was taken as a point of reference, 
where within that year 63% of the trips were taken 
in modes of high and medium capacity such as the 
subway, electric light train, trolley buses and buses. 
Out of the remaining 37%, 12% corresponded to 
trips taken in taxis and in low capacity public serv- 
ice units, and 25% in privately own vehicles. 
Today, the modal transportation distribution has 
gone thru various transformations, which are of con- 
cern due to its decay implications, on average only 
25% of the daily trips are carried out in high and 
medium capacity vehicles and 58% in low capacity 
vehicles, that is to say, the use of low capacity vehi- 
cles has considerably increased its total proportion 
in the modal distribution., which is in all its context 
inconvenient for the metropolis. 
According to available information, it is of special 
attention to notice that the participation of private 
automobile trips had decreased from 25% to 17% 
during the analyzed period, the transportation plans 
for 1994 had an expected use of modal transporta- 
tion participation of 20%, a target which was con- 
siderable improved. Administrative policies for en- 
vironment purposes have influenced the demand for 
the use of cars. Policies such as the “lioy no circula”, 
mean that one day out of the week (excluding the 

weekend) the use of cars of previous model to 1993 
is prohibited, depending on the ending number of 
the license plate. These factors have contributed to 
the unexpected decrease in the modal participation 
of privately own automobile trips. Without going 
into greater detail about this topic, it is possible to 
point out that the modal participation of privately 
own automobile in transporting individual in Mexico 
City is amongst the lowest in the world. 
In terms of the supply and transportation coverage, 
in the period between 1976-1996 the evolution was 
as followed: the subway network was increased 
from 37 to 178 Km., the units of urban bus services 
was reduced form 7,500 to 1,300 units, in compari- 
son the units of taxis and collectivist vehicles of low 
capacity which was increased from 40,000 to 
141,000 units, furthermore the privately own auto- 
mobile fleet increased from 1.3 million to 2.8 mil- 
lion. As one may notice, there is a correlation be- 
tween the modal participation analyzed, in terms of 
public transportation and transportation system ca- 
pacity during the analyzed period, except for the 
subway system, which represents a lower participa- 
tion, despite its increase in the network length, an is- 
sue that will later be discuss. 
From the previous data one can identify the presence 
of a phenomenon that is important in the city life; 
which consists of the origins and evolution derived 
from a type of concessionary public transportation 
mode known as “microbuses”. These are low pas- 
sengers capacity (25 passengers), and are an inap- 
propriate design for the transportation service. 
These units are operated under a self-seeking 
scheme “man-bus”, that is to say, an organization 
that is inefficient. In general, for most cases of these 
transportation services the organization schemes 
have not been developed under entrepreneur criteria 
to be able to operate efficiently. One can continue 
to find an important presence of those owners of in- 
dividual transportation units that control the service. 
In turn the result is that each individual concession- 
aire is concern with taking care of their own interest 
and their individual units, and are not concern with 
the quality of the service provided. 
The current transportation organization schemes 
limits the adoption of unified programs gear towards 
establishing a systematized and permanent operation 
and maintenance approach, in addition to an inade- 
quate control of an administrative process. Conse- 
quently other forms of profit making investment are 
discouraged such as groups investments, or in infra- 
structure, equipment, mechanic shops and tools. The 
current operational control method influences spe- 
cially the accounting system of the expected reve- 
nue, also its organization scheme does not allow 
then to accumulate the necessary financial resources 
to be able to confront the variations amongst income 
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and costs, and to replace the necessary units to pro- 
vide the service. 
In terms of the regulatory authority in the transpor- 
tation service, the objectives have not been reached 
to their full extent. In that, the public transportation 
system is not self-sufficient due to the policies in 
concessions and fees to allow them to obtain a return 
on their investment and provide the quality and 
quantity of services to satisfy the demand. 
The result is a current public service with serious de- 
ficiencies that in turn represent either a surplus or a 
deficit of units, also internal competition for passen- 
gers, delays or unpredictable early arrivals within 
the stop intervals. Also speedy or low velocity uses, 
accelerated depreciation of the units and continuous 
accidents, where the strongest and not necessarily 
the best stay in the market. Creating a mentality 
gear towards to maintaining the current model in- 
stead of promoting a new one. The concessionaire 
transportation approach has slowly reduced its pres- 
ence in the periphery area of the city given the low 
investment return received. 
Thus, today the transportation sector confronts seri- 
ous problems in generating sufficient financial re- 
sources to acquire new units for the modernization 
of this service. Besides the required changes on the 
concessionaire policies, in terms of the applied fees 
in relation to the cost; this sector also confronts the 
situation where financial institutions are not offer- 
ing any new credit to the sector and are spending 
their efforts in restructuring previous credits that 
were provided for the acquisition of units. Which is 
also in part attributed to the way in which the trans- 
portation sector is organized and operated. 
In terms of the subway system, its participation in 
the total movement of passengers shows a continuos 
decrease during the current decade. In 1989 on av- 
erage the subway system moved 4.7 million passen- 
gers during any working day, in comparison to 1997 
when it only moved 4.17 million passengers, despite 
the fact that in that same period two new routes 
came into operation with an additional length of 37 
km. The expansion in capacity and coverage, and 
the decrease in demand in turn, have had an impor- 
tant financial impact for the Federal District gov- 
ernment, given that the investment and operation 
costs are increased and revenues decreased. Conse- 
quently it becomes necessary to increase greater 
subsidies to the system, in detriment of the attention 
to other sectors. 
Therefore it is clear that if this tendency continues, 
the city’s public transportation service for passen- 
gers will not offer an effective mobilize alternative, 
which implies greater cost and time consuming for 
every trip, more congestion in public roads and an 
increase in pollution. Provided that public transpor- 
tation does not represent an acceptable option for the 
medium and higher income groups, they will con- 

tinue to have a motive to use their own private 
automobiles. Thus a viscous cycle is established rep- 
resenting higher social cost given those externalities 
caused by this sector, consequences that arise in the 
city that does not have sufficient space and resources 
to improve the infrastructure of the network trans- 
portation system. 
According to the results of the analysis “Integral 
Study of Transportation and Air Quality of the Met- 
ropolitan Zone of the Valley of Mexico”, carried out 
by the Metropolitan Commission of Transportation 
and Network Roads, and the support of the local 
governments of the State of Mexico and the gov- 
ernment of Mexico City; and including the partici- 
pation of BANOBRAS and the World Bank; the an- 
nual cost of the transportation externalities caused 
by accidents, congestion, energy used and pollution, 
is greater than 8,000 million dollars, amount that 
quantifies the magnitude of this problematic situa- 
tion. 
Local governments do recognize the importance of 
the problem and are concentrating their efforts in 
solutions that would allow them to establish the 
bases to develop a quality transportation system to 
meet the needs of this great metropolis. 
It is necessary to consolidate an integral vision for 
the transportation system that takes into account the 
infrastructure and services in all its domain, fur- 
thermore, it is necessary to strengthen the coordina- 
tion of local governments to allowed the implemen- 
tation of actions in an effective matter. 
Specifically, in terms of public transportation for 
passengers it is recommended to establish an action 
plan that takes into account the following strategies: 

To promote the evolution of the concessionaire 
transportation system from its current self- 
seeking operational scheme to the integration of 
an entrepreneur approach to operate in a profes- 
sional matter based a criteria of efficiency and 
quality of the service and its profitability. 

Replace the current vehicular fleet for modern 
buses of greater capacity and low pollution 
emission technology. 

Restructure the network itinerary to accomplish 
a better modal distribution of the transportation 
service, whereby high capacity modes get higher 
priority and provide an appropriate service that 
complements all different aspects of the system. 

Establish an equilibrium between demand and 
supply to prevent a surplus of investment on 
equipment in some routes or bad quality service 
on others due to the lack of appropriate equip- 
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ment, also it is necessary to plan its operation 
based on the variation in the demand. 

Establish special services of greater quality and 
adequate fees that can motivate a decrease in the 
use of privately own automobiles. 

Continue to strengthen institutional governmen- 
tal areas responsible for the planning, control 
and operation of the transportation system. 

Develop campaigns to inform, and to improve 
consciousness about better use of the public 
transportation system amongst the population. 

Consolidate a policy for fees that takes into con- 
sideration a sustainable provision of the service 
and that takes into account the purchasing power 
of the population. 

CONCLUSIONS 

In conclusion, Mexico City as in the case of a large 
metropolis in the world requires to improve strate- 
gies that would allow it to improve and make more 
efficient its transportation system, whereby the im- 
pact of externalities is minimized. It is important to 
emphasized the need to reduce the deterioration of 
the modal composition of the passengers transporta- 
tion system, where the low capacity modes and 
lower degree of development subsystems have in- 
creased their participation in detriment of the higher 
capacity modes of transportation, such as the sub- 
way. It is therefore recommended to develop strate- 
gies that will optimize the public transportation 
service whereby it is promoted to develop an inte- 
gral transportation system and accomplish a viable- 
coordination to design plans and implement actions 
amongst all the governments of the region. 
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An assessment of transportation alternatives for Istanbul metropolitan city 
for the year 2010 
Evaluation des alternatives de transportation pour la metropole Istanbul en 2010 
Comentario de alternatives de transporte del afio 2010 de la ciudad de Estambul 
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Civil Engineering Faculty, Technical University of Isturzbul, TLirky 

ABSTRACT: Istanbul is may be the only city located on two continents and, the biggest city of Turkey 
has a population of nearly ten million at the end of 1998, Lbliich is 15% of ‘Turkey’s population. The 
main aim of this study is to asset the transportation alternatives made by Istanbul Metropolitan City 
Transport Master Plan. At the conclusion part, some suggestions are given to solve the city transport 
problems. 

RESUME: Istanbul a la seul ville q ~ i i  a dtd placd en deux continents. En 1999, la population de la ville 
est 10 million qui est 15Y0 de la population de Turquie. Le but de ce travaille est evaiuer les alternatives 
d u I’ 1 an P r i iic i pal e d e ’I’m po rt a t i o 11 d . I s t a i i  b U 1 I: i 11 a 1 e in en t . cer t ai ne s pro po s i ti o 11 s pour 1 a so I U t i o 11 des 
problems de transportation d’Istanbul ont dtk donn6. 

RESUMEN: Estambul, es la ciudad i‘lnica en el niundo que situada sobre dos continentes. Populacion de 
Estambul es 10 niillones teniendo cuenta el aiio 1999, 15% de habitantes de l’urquia est6 vivendo en esta 
ciudad. Ob-jeto de este estudio, es comentar alternativas de transportacion en el Proyecto Esencial de 
Transportaci6n de Estambul. Y en la parte conclusi6n existen algunos aconsejos referidos a solucioiies 
de problenias transportales de la ciudad. 

1 .  INTRODUCTION 

Istanbul is maybe the only city located on two 
continents, Europe and Asia. This city is 
always in  the crossing point of Europe- 
Middle East Goods Transportation. In 
addition to this transit traffic, inter city traffic 
uses the city transportation network. Istanbul 
is the biggest city of Turkey and, has a 
population of nearly ten million at the end of 
1999, which is 15% of Turkey’s population. 
Ten million daily trips are produced on the 
transportation network. This causes 
transportation problem during rush hours and 
also throughout the day. 

The transportation alternatives for Istanbul 
Metropolitan City are explained with the basis 
of the Istanbul Metropolitan City 
Transportation Master Plan in this paper. This 
plan makes predictions for all transportation 
modes for the year 2010. Different kinds of 

scenarios related with different kinds of 
transportation modes are studied to solve city 
transportation problems for the future. Due to 
the two highway bridges across the 
Bosphorus, main public transport mode of 
Istanbul is highway transport. This causes 
very big transportation problems along the 
day. In addition to this, some other effects of 
the highway transport can be seen such as 
noise pollution, air pollution and traffic 
accidents. 

2. PRESENT SITUATION OF ISTANBUL 
TRANSPORTATION 

Istanbul is the biggest city of Turkey, Europe 
and Middle East in 1999. It is situated 
between Europe and Asia as a bridge from 
Europe to Asia and Middle East. This position 
has given it extra duty through the centuries. 
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Nearly all road freight traffic of Turkey, Iran, 
Iraq and ex-Soviet Union countries passes 
over it. Even today’s crude oil traffic from 
Soviet Union passes from the heart of 
Istanbul, the Bosphorus. 

After the 1950’s, Istanbul became an 
immigration centre of Turkey with the yearly 
5 YO growth rate in the population, nearly 3 
times bigger than Turkey’s population 
growth. Through this immigration for better 
life standard and wealth, the city became a 
metropolitan region. This region is nearly 155 
000 hectares wide (GERCEK et al, 1998) . 
City development is mainly along the old E-5 

Commuter Rail 

LRT 
Tram 
City Sea Bus 

Private Sea 
Motors 

Steamship 

101 250000 2.94 

26 120000 1.41 
39 151000 1.78 
17 30000 0.3 
59 300000 3.54 

336 50000 0.59 

Expressway from East to West. To pass the 
city from East to West it needs nearly 4 hours 
in rush hours, 3 hours other times. 

Freight and passenger transport is 
mainly made by road transport; which means 
a one-sided development in transport modes. 
This causes severe problems for the residents 
of the urban area of Istanbul (HOWARD, 
1995). 

Istanbul accommodates 25 % of the total 
vehicles ( nearly 1.2 million ) and 30 % of 
the total private cars ( 110 cars per 1000 
persons ) in Turkey in 1999. The number of 
daily trips per capita by motor vehicles was 
found as 0.87 in 1987, but now it is nearly 
1.00 [5]. The daily ridership by motor vehicle 
is nearly 10 million in 1999. 

The total share of all the transport modes 
can be explained in Table 1 .  Modal split of 
daily trip are shown in Figure 1. 

Increase in the use of private cars and 
public buses as a road transport mode created 
new demands for the construction of roads 
and bridges. In 1973, the first Bosphorus 
bridge and in 1989, the second Bosphorus 
Bridge was opened. The formerly unified 
central area began to move along the East- 
West suburban areas. This development in 
transportation not only resulted in the 
dissolution of the relationship with the shore, 
but also resulted in a web of settlements 
within an urban area covering an area having 
a 150 km. length. 

Figure 1. Transport System share in 1997. 
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65 % of the total population of Istanbul 
live on the European side, 35 % of the total 
population of Istanbul live on the Asian side. 
The employed population is distributed as 75 
% and 25 %, respectively ( Figure 2 ). 

One-sided public transport system and 
uncontrolled growth have led the metropolitan 
municipality to construct new lines and to 
extend the rail system on both sides. In 1989, 
the 18kni-long light rail system was built on 
the European side. The first subway line 
between Taksim and Levent will be opened at 
the middle of 2000. 

The metropolitan municipality has 
prepared the Istanbul Metropolitan Area Sub- 
Region Master Plan (IMASMP, 1995) and 
Istanbul Metropolitan Area Transport Master 
Plan for the target year of 2010. These plans 
are made mainly to regulate the settlement 
pattern along the city and the public transport. 

3. FUTURE PERSPECTIVE OF THE 
ISTANBUL TRANSPORTATION 

Future perspective of the city transportation 
can be drawn by the help of the Istanbul 
Metropolitan Area Sub-Region Master Plan 
and Istanbul Metropolitan Area Transport 
Master Plan (ITU,. 1997) 

First, Istanbul Metropolitan Area Transport 

Master Plan was prepared in 1995. Then, 
Istanbul Metropolitan Area Transport Master 
Plan (MATMP) was used for the Istanbul 
Metropolitan Area Sub-Region Master Plan 
patters in order to stimulate the badly 
organised city transportation system . 

The main strategies of the Metropolitan 
Area Sub-Region Master Plan (MASMP) can 
be explained as follows; 

-Rule of specialisation; Within the 
compass of the MASMP the housing-work 
relation of especially those who are new 
comers by resolving it in a rational manner 
and improvement of this relation which were 
ill defined in the previous structure within the 
framework of a plan, 

-Rule of Ranked Centres; In order to 
achieve the decentralisation on population in 
the entire MAS suggesting wing-attraction 
centres and ensuring the development of these 
as primary centres. Achieving the growth of 
the urban rnacroform in a linear and multi- 
centred fashion with a degree of ranking, 

-Rule of Ranked Density; In accordance 
with the analysis carried out for the whole of 
Istanbul, decreasing the sustainable 
population densities gradually from the centre 
outwards, and decreasing the mean values. 

MASMP has planned that 67 YO of the 
total population of Istanbul will be living on 
the European side, 33 % of the total 

Figure 2. Change in the Population and Employment Rates. 
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population of Istanbul on the Asian side in 
2010. The employed population will be 
distributed as 68 5% and 32 %, respectively. 

The main principles of MATMP can be 
expressed by following sentences; 

-The service level and capacity of public 
transport system must be improved and the 
use of public transport must be promoted. 

-Future transport network must be based 
on high capacity public rail systems 
(Figure 3), 

-To feed the main railway lines in the east 
west direction generally, new lines in the 
north-south direction must be created using 
the public bus and minibuses, 

-Primary proposals made by sub-cities can 
be assessed on the bases of all Metropolitan 
Area, 

-Instead of being alternative, transport 
systems must feed and complete each other, 

-To create speedy and comfortable public 
transport systems, special park and ride places 
must be planned and to increase the entrance 
to city centres, some measures must be taken. 

3.1 Plan Alternatives 

In this plan, new public transport lines and 
new road enhancement proposals are grouped 
into 9 to test for the year 20 10 . 
Alternative 1 : No improvement in the system. 
Taksini - 4.Levent metro line will be 
finished, and 

some enhancements and connections which 
are under construction now, will end. 
Alternative 3: New metro line (Ayaza a- 
Yenikap) and will be finished. LRT system 
will connect with kitelli, Ba ak Konutlar . 
Railway lines will reach t128 kni. of length. 
Some new road connections will be held. 
Alternative 3: Metro will be extended by 
adding Yeniltap -Topltap -Ba c lar line. 
LRT will be enhanced in the two parts of 
Istanbul 
by adding . V e zn e c i 1 er - S u 1 tan$ i ft 1 i i . 0 tog ar - 
isli. Halkal - kitelli. Harem-Kartal, 

and 
uskiidar-Umraniye-Dudullu lines. I n  addition 
to this, Ataturk Airport will be connected with 
LRT. Railway lines will be increased to 215 

Figure 3. City Railway system network 
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km. of length. Bospliorus crossing connection 
will be integrated with new steamship and 
seabus lines. 
Alternative 4: In addition to Alternative 3, 
Commuter rail lines will be increased to 3 
lines and new tub tunnel will be constructed. 
Railway lines will be increased to 229 km. of 
length. Some sea connections will be 
cancel 1 ed . 
Alternative 5 :  Instead of new tub tunnel, new 
bridge with rail line will be constructed. 
Railway lines on the bridge will be connected 
with Harem-Kartal LRT system and Taksim- 
Levent Metro. New bridge and road 
connection length will be 104 km. 
Alternative 6: Tub tunnel and new bridge 
will work at same time. 
Alternative 7: New bridge connection will be 
held only for the railway. 
Alternative 8: In addition to Alternative 6, 
Metro will be enhanced to Zeytiiiburnu. LRT 
system in the Asian part will be changed from 
Uskiidar-Umraniye-Dudullu to Uskudar- 
Umraniye-Kozyata . 
Alternative 9: Harem-Kartal LRT system will 
be connected with Kurtkoy Airport. Railway 
lines will be increased to 273 h i .  of length. 

5 .  ASSESMENT RESULTS 

4. A4SSESMENT 

Evaluation was made under the two 
development scenarios for the year 20 10. First 
scenario is based on controlled development 
by applying the Metropolitan Area Sub- 
Region Master Plan. Second scenario is based 
on uncontrolled development by using the 
present trend. The model runs using these 
scenarios. 

To compare and evaluate the alternatives 
some criteria are developed. These are: 

-Travel demands and Max.Morning Peak 
Traffic Volumes 
-Number of passengers per km. 
-Passenger-km., 
-Passenger-hour, 
-Modal Split, 
-Effect of road transport network. 

Evaluation was made by Transplan and 
Emme12 computer program. All alternatives 
are tested. Results can be explained as below: 
-Railway Lines: 
Metro: If European part is totally finished, 
Peak hour capacity of metro lines can reach 
47-55.000 by scenario 1 ,  but it can reach 61- 
62.000 by scenario 2. 
If commuter rail lines are increased from 2 to 
3, Metro will attract 100.000 passengers more 
and it reaches 1.9 million passengers per day. 
Connection with LRT system in Asian part 
can cause a 200.000 passenger increase. 
Commuter Rail: Present daily number of 
passengers carried by commuter rail is 
250.000. If alternative 4 is applied, daily 
passengers will increase to 1.7-1.8 million. If 
alternative 9 is applied, it will increase to 2.2- 
2.4 million. 
LRT: Otogar-Ba c lar- kitelli system will 
be insufficient in the future. Then, Ba c lar- 
kitelli section must be prepared for Metro. 

This problem can be solved by connecting 
Yenikap -Topkap -Ba c lar lines with 
this line Yenikap -Ba c lar line capacity 
will reach 200-300.000, for Yenikap - isli, 
5 5 0-6 0 0.0 00, for i 1 i- 0 t ogar 2 5 0-3 00.0 00.. 

Vezneciler-Sultanciftli i daily traffic will 
reach 300-400.000. Harem-Kartal-Kurtkoy 
lines will reach 400-800.000 depending on 
alternatives. Uskudar-Umraniye-Dudullu 
lines will reach 200-590.000. 
Tram: Present line traffic volumes will be 
decreased. If the fist scenario is applied, but, 
new line capacity between Kad koy and 
Bostanc will be 100- 120.000 passengedday. 
Bus: Buses are carrying 2.5 million 
passengers at present. This will increase in 
2010 to 3.6-4.4 million. If there are no 
railway lines improvements, this can reach 6 
million per day. If the planned bus line is 
applied in the morning rush hours, extra 
capacity can be created such as 10-15.000 
passenger/hour/direction. 
Minibus: 2.2-2.8 million passengers will 
travel by minibuses in the year 2010. If the 
railway lines are not constructed, this will 
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reach 4 million daily passengers. 

~ ~ 0 ~ 0 ~ 0 ~  If sea transpofl is connected with 
railways, this will reach 370.000 in the 1. 
Scenario, 520.000 in the 2. Scenario. Tub Turkey. 

passengers. 

Howard, D.F., 1995, Air quality and  ban traff;c, 

Sea Transport: Daily passengers for today are traffic and urban Planning, 5 1 *  International 
congress, Paris, France. 

master plan, The grater municipality of Istanbul, 
IMASP, 1995, Istanbul metropolitan area sub-region 

ITMP, 1997, Istanbul transport master plan, Technical 
and ” Bridge decrease the university of Istanbul, Istanbul, Turkey. 

6. CONCLUSION 

The resuits of this study can be expressed 
with the following: 

-Even if all alternatives are applied, share of 
sea transport will not get more than 3 YO, 
-If Alternative 9 is applied, railway will get 
the maximum share of about 55  %, 
-If Alternative 9 is applied, Metro and LRT 
get share about 20 %, 
-If Alternative 6 is applied, the share of the 
Bus and Minibus will decrease nearly 10%. 
-Alternative 1 gives the highest share of bus, 
nearly 50%. 
-Even all alternatives are evaluated, the share 
of the passenger passing Bosphorus will not 
pass 15%, 
-The share of the private car ranks between 
25% and 35% in passenger-km bases. 

These results show that the transport mode 
of railway is the best solution to fit demand 
and capacity problems. Minibus and private 
car causes traffic problems during rush hours. 
To solve these problems, public transport 
system must be promoted and developed. 

Finally, Railway based transport system in 
the Istanbul Metropolitan city will be the only 
solution for sustainable development and 
residents’ hopes for the future. 
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ABSTRACT: The urban passenger carrier in Russia traditionally has a heightened social significance. It is 
connected to rather low quantity of private vehicles and considerable fraction of the passengers having the 
rights of preferential travel according to their social status. Therefore reforming of public transport has a some 
of features. In the given paper the outcomes of reforming of public transport in Rostov-on-Don are reviewed. 
The purpose of reforming - change of policy with a high scale of municipal participation on policy oriented 
on tlie market, permitting to lower load on the municipal budget. These problems were decided on the basis of 
the analysis of directions of reforming of a management system of a urban passenger carrier in other 
countries, analysis of legitimacies of change of operational parameters, forecasting of change of conditions of 
transportation on the basis of methods of mathematical modeling and optimization. 

RESUME: En Russie le transport en commun posskde une signification sociale traditionnellement elevee. 
Cela est lie a la quantite insuffisante des automobiles individuelles et a la graiide quantite des passages ayaiit 
les billets de faveur. C'est pourquoi la reforme du transport en commun a quelques particularites. Dans cet 
article il s'agit des risultats de la reforme du transport en commun a Rostov-stir-le Don. Le but de la reforme 
est de changer la politique avec une grande participation municipale contre la politique orientee vers le 
march6 et qui permet de reduire la charge du budget municipale. Ces problemes etaieiit resolus a la base de 
l'analyse des directions de la reforme du system d'adniinistration du transport en comniun dam les autres 
pays, 1'Ctude des cliangenients reguliers des coefficients d'exploitations techniques et les pronostics des 
cliangenients des conditions du transport a la base des methodes de la modulation niathematique et de 
l'optimisation. 

RESUMEN: El traiisporte urbano de pasajero in Rusia tradicialmente tienes uiia importancia social. Esto es 
ligado con relativamente reducido cantidad de 10s automoviles propios y considerable parte de 10s pasajeros 
que tieiieii privilegios de viaje. Por eso en la reforma del transporte urbano hay unos particularidades. En esto 
articulo podeinos ver 10s resultatos de la reforma del transporte municipal en Rostov-sobre-Don. La reforma 
tieiies por objeto uiia bajada de la carga sobre el presupuesto municipal. Estas problenias solucinaba sobre el 
liiiidaniento del analisis del direcciones de la reforma de la sistema del conduccion del traiisporte urbano de 
pasajero en paises, sobre el estudio de la ligalidades del medicion de 10s indices ticnico y de explotacion, 
sobre el progiiostico del cambio del condicioiies de acarremiento sobre el fundamento del metodos del 
confeccionar un niodelo inatematico y optimisacih. 

1 .INTRODUCTION 

Rostov-on-Don is one of tlie first cities of Russia, 
where the process of reforming drove pursuant to the 
project TACIS on implementation of reforms of a 
system of public transport. The population of city 
makes more than 1 inillion inhabitants. The system 
o i  public transport consists of 1000 buses, 116 
trolley buses and 115 trams. The annual volume of 
transportation males about 500 millions passengers, 
from them 66 YO is transported by buses. Density of 

an enroute network of public transport changes in 
different regions of the city from 0.5 up to 4 
km/km2. 

For development of public transport it was 
necessary to decide followiiig problems: to execute 
change of a management system, to make 
Optimization of an enroute network, to raise the level 
of traffic engineering, to supply ecological safety. 
The scheduled management system has shown an 
economical and operational ineffectiveness, required 
the considerable subsidies and has resulted in a 
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decrease of quality of services. Therefore the 
organizational part of reforms was directed on 
preservation of a unified infrastructure of a urban 
passenger carrier, creation of a integrated system of 
public transport with participation of carriers of 
different palterns of ownership. On the basis of 
analysis of experience of European countries the 
system with usage contestability and competition 
was formed at an entrance on the market of urban 
passenger transportation. 

Similar targeted transport policy during 1996-99 
years has supplied official fastening in the market of 
transport services of the large commercial 
companies. From a completely municipal urban 
passenger carrier there was a transition to a system, 
in which about 50 YO of buses belongs to the 
independent companies. It has allowed to eliminate 
lack of payload delivery rates, which one made in 
1994 year about 39 % and to improve the quality of 
transport service. 

For fulfillment of these problems the analysis of 
development of a urban passenger carrier was 
executed. Tlie experimental researches and 
simulation of motion of buses and traffic flows are 
conducted. The optimization of an enroute network, 
forecasting of tlie characteristics of traffic flows, 
estimation of quality of operation of a transport 
network is carried out. 

2. REFORMING A MANAGEMENT SYSTEM OF 
PUBLIC TRANSPORT. 

In Rostov-on-Don, as well as in all Russia, the 
management system of public transport was 
scheduled, thus the buses and infrastructure were in 
the full state or municipal property. The economical 
and political reforms in country at transition to 
market principles have resulted also in change of a 
management system of a urban passenger carrier. 
The purpose of these changes consist in maintenance 
high quality of transport service at minimization of 
the municipal subsides. The first steps in this 
direction were made in 1994-95 years. 

For creation of the substantial program of re- 
structuring of public transport of Rostov-on-Don the 
analysis of directions of reforming of management 
systems of a urban passenger carrier in European 
countries was conducted. The information on 
activity of public transport in more than 20 countries 
of Europe is classified to such tags as structure and 
fkictions of a management system, type of 
sponsorship, condition of entry and exit to and from 
tlie market of transportation, form of the control 
above tlie fares and quality of transportation 
(Andersen, 1992). The launching conditions of 
organization of passenger traffic in Rostov-on-Don 
uere taken into account also: unified public sector of 
tiaiisport services, essential shortage of buses, 

presence of a significant amount of the passengers 
having the rights of preferential travel according to 
their social status. 

On the basis of this analysis is designed and the 
intermediate system between only market and 
scheduled-franchising with differentiated fare policy 
and usage of the gear of a competition realized at 
signing on the market of transportation. In Rostov- 
on-Don the system of franchising will be used, at 
which one the independent transport companies bear 
responsibility for the incomes and costs. The 
structure of control is designed on the basis of 
principles of logistics. The features of usage of 
logistics methods in control of a urban passenger 
carrier are encompass byed a diversity of nature of 
services and form of organization of an 
infrastructure of a urban passenger carrier. The 
transport logistics allows to smooth inconsistencies 
between the purposes of operators and passengers, 
between operators of different patterns of ownership, 
which one work in one market of transport services, 
between the operators and local authorities. 

Functions of a municipal Department of a Carrier 
is the development of an enroute network on the 
basis of demand for transportation, conditioning for 
a competition, mining of competitive conditions and 
realization of competition. Tlie access on urban 
routes is possible only as a result of a scoring on 
competition. The municipal Department of a Carrier 
determines also fare policy, which one is 
differentiated for buses of different patterns of 
ownership. For the municipal Transport Company 
the rigid fare is set, and independent operators only 
high bound, a particular fare they determine on 
demand for transportation. The municipal 
Department of a Carrier has no the right to intcrpose 
with a production activity of public transport and 
independent operators. 

Controlling provides a system of monitoring, 
estimation both quality control of transport service 
and safety of transportation. The most relevant link 
in this system is Center of mission control. In its 
function the automatic monitoring above an 
occurrence of buses in any point of city enters. The 
computer system on a radio channel determines 
actual parameters of motion of buses and compares 
by their given train diagrams. The outcomes will be 
used for an estimation of regularity of motion. 

At the initial phase of transition to a competitive 
system the access to the market of transportation 
was received by many small-sized operators and 
personal owners of buses. This process originated as 
well in many other countries (Banister & Berechman 
& De RUS, 1992). In further as a result of perfecting 
conditions of a tender for tlie right to maintain urban 
routes number of operators received access on the 
market was reduced with 26 per 1997 up to 8 in 
1999. The mean size of operator was considerably 
increased, and the small-sized operators were not 



held in the market of urban passenger traffic owing 
to competitive strife. As a result of targeted activity 
there was a transition from set of small-sized carriers 
to large comiiiercial operators, which one can ensure 
indispensable quality of transportation and tlie 
activity which one yields to the control. The 
structure, adding up to tlie present time, of buses on 
a pattern of ownership is adduced in a Figure I .  
Creation of a competitive system of passenger traffic 
in Rostov-on-Don with team-working operators of 
different patterns of ownership has allowed 
substantially improving tlie quality of transport 
service. Last years of existence in city of a 
scheduled nianageiiient system of a passenger carrier 
(1992-94 years) the deficit of buses reached 40 %. 
Now there is an excess of buses permitting in 
practice to rcalize principles of competitive strife at 
organization of tenders. 

3. OPTIMISATION OF ENROUTE NETWORK 

For iiiiplemeiitatioii of capabilities, which one forin 
during reforming a nianagcnient system of an urban 
passcnger carrier, i t  is necessary to introduce 
respective alterations to organization of 
transportation. Tlie most effective means is the 
optiiiiization of an cnroute network in view of a new 
sit ua t i o 11. 

The optimization was conducted at usage of the 
modeling programs on tlie basis of tlie integrated 
information on macro and microlevels. The 
niacrolevcl characterizes features of moving and 
seizure of the inhabitants, location of the main 
objects of gravitation, volumes of transportation of 
the passengers, road network, possible number of 
buses. The information of a niicrolevel contains the 
items of information on an enroute network, 
organization of road motion on particular segments, 
running speed, stops and paths of the approach to 
them. 

Criterion of optimization is tlie average tiine of 
trip on an eiiroute network of Rostov-on-Don. The 
limitations are served capacity of a lane of a road, 
maximum frequency of buses, capacity of tlie bus 
and allowed directions of traffic. For obtaining 
authentic outconies by optimization the researches 
of the factors influential in criterion of optimization 
were conducted. 

The experimental researches have shown, that in 
Rostov-on-Don there are tlxee main transport 
corridors with high traffic density of buses, till 150 
buses per hour in one direction. Tlie change of 
headway between buses in these conditions is 
described by a negative exponential distribution 
(Fig. 2). This type of distribution was applied at 
simulation of motion. 
The modes of motion of buses and automobiles 
considerably differ in central business district and 

Figure 3. Distribution of velocity of buses. 

behind its limits. Most composite conditions of 
motion in central business district. Tlie range of an 
alteration of speed of buses makes from 3.1 nds up 
to 6.8 m/s at an average speed of 4.14 m/s (14.9 
kidli). The normal law describes the distribution of 
a running speed of buses (Fig. 3). 
The two-fluid models of tlie kinetic theory of a 
traffic flow were applied to simulation of motion of 
buses and vehicles (Herman & Ardekani, 1984). For 
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Table 1 .  Change of the characteristics of motion after the description of motion of shuttle buses the writers 
have elaborated following version of model: 

where t,i = stop time of the bus on stops per unit 
distance; t b  = trip time of trip without the registration 
of delay time on adjustable interceptions per unit 
distance; ts = stop time per unit distance; t = trip time 
per unit distance; n = coefficient. 

For an estimation of parameters of motion of a 
traffic flow the following version of two-fluid model 
was used: 

where ty= time of motion in free conditions per unit 
distance; t,,, = stop time, at which one takes place 
change of behavior of relation ts=f (t); tsf= stop time 
in free conditions per unit distance; m = coefficient. 

For optimization the model of a transport network 
of city was built. With the help of an electronic map 
of city the coordinates of all intersections and bus 
stops of a network are determined. The calculation 
of shortest distances between all intersections and 
bus stops is made by Floyd algorithm. For traffic 
flows the problem of optimization is stated as 
follows: 

at limitations: 

J J 

(4) 

( 5 )  

where F = object function, time of trip; q = traffic 
volume; c = capacity of a road; x = distribution of 
frequency on an arc (i,j); k = traffic volume of k-type 
vehicles. 

At distribution of buses on routes the time of trip 
is minimized in view of headway between buses, 
quantity of the passengers, running speed in 
substantial conditions. 

The problem of optimization of distribution of 
transport flows was resolved by a modified method 
of Lagrangian multiplicities. As a result of 
calculations in the perspective scheme of an enroute 
network 20 main present bus routes are saved and 
are formed 63 new. 

optimization of anetwork. 
Name of a Value of a parameter Change 
parameter 

Fraction of the 
passengers touring 
without transfer 
Fraction of the 
passengers touring 
with one transfer 
Fraction of the 
passengers touring 
with two transfers 
Average number of 
transfers per trip 
Average trip length 
Average trip time 

Present 
network 
60% 

36% 

4% 

0.45 

5.1 km 
0.55 h 

After 
Optimization 
71% + 11% 

28% - 12% 

1 Yo - 3% 

0.30 - 33% 

4.8 km - 6% 
0.50 h - 9% 

The change of parameters is listed in Table 1. 
Thus, reforming of a management system and 
optimization of an enroute network has allowed 
substantially improving the quality of transport 
service of the population of Rostov-on-Don. 

4. CONCLUSIONS 

The management system of public transport, created 
in Rostov-on-Don, with usage of contestability and 
competition at entering to the market, participation 
in transportation of the independent operators 
automated monitoring system of position of the bus 
in any point of an enroute network has shown the 
efficiency. The quality of transport service was 
improved, and the municipal subsidies to public 
transport have decreased. 

The experimental researches, simulation and 
optimization have allowed receiving the new 
information on the characteristics of motion of buses 
and traffic flows. 
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corridor planning 
Planification multimodale des couloirs de transport sensibles B l’environnement 
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ABSTRACT: A new federally-mandated transportation planning process has been in place in the United 
States for six years. It calls for metropolitan areas to undertake regional studies that identify priority corridors 
for subsequent detailed analysis, called major investment studies (MISS). Kcy MIS characteristics are: multi- 
modal planning, mandatory interagency collaboration, strong public involvcment, options for complying with 
federal environmental regulations, and transportation linkages with air quality and land use. Overall, these 
provisions have been extremely transit- and eiivironiiientally-frieiidly and, thus, are of high potential intcrcst 
to CODATU conference participants. Some have fallen short of expectations but others have wildly exceeded 
them. This paper focuses on selected features that have the highest applicability i n  other countries of thc 
world. Collectively, tlie MIS procedures represent a bold experiment to improve local planning and decision- 
making. Like many innovations, there are opponents who prefer tlie slutus quo and, tlicrcfore, the future of 
the MIS process is uncertain. 

RAPPORT ANALYTIQUE: Un nouveau processus federal de planification des transports est en vigueur aux 
Etats-Unis depuis six ans. I1 exige, dans les zones metropolitaines, la realisation d’etudes regionales, dites 
(( etudes d’investissements majeurs )) (MIS) appelees a identifier les couloirs prioritaircs a soumettre a une 
analyse ddtailldc. Les etudes MIS se caracth-isent essentiellement comnic suit: planilication multimodale, 
collaboration interorganisatioiis obligatoire, forte implication du public, options dc con for mite avcc la 
rkglementation federale relative li l’environnement et considerations d’usage du terrain et de qualite de l’air 
liecs aux transports. Dans I’ensenible, ces dispositions se sont avkrecs extr~niement favorables aux transports 
et  ne nuisent pas a l’environnenicnt; e lk s  pourront d t s  lors intdresser au plus h u t  degrd les participants a la 
conference CODATU. Certaincs n’ont pas produi t les resul tats escomptes mais d’autres ont largement 
depasse lcurs objectifs. Ce docunient porte sur Ics points presentant la plus grande applicabilite dans d’autres 
pays du nionde. Collectivcmcnt, les procedures MIS constituent une tentative audacieuse d’amelioration dcs 
processus locaux de planification et de prise de decision. Coninie beaucoup d’autres innovations, elles ont 
lcurs ditracteurs, qui prkfkrent lc .slalus quo, et leur avenir est donc incertain. 

RESUMEN: En 10s ultimos seis aiios se ha aplicado en 10s Estados Unidos un  nucvo proceso de planificacion 
del traiisporte por mandato federal, segun el cual las areas metropolitanas deben realizar estudios regionales 
que identifiquen 10s corredores principales para su posterior analisis en detalle, lo que sc conoce conio 
estudios de inversi6n de gran escala (0 por su s igh inglesa MIS--nicijor imwtnzcnt slirdics). Los elenientos 
claves de 10s MIS son la planificaci6n multimodal, la colaboracion obligatoria entre agencias, una 
participaci6n sigiiificativa del scctor publico, las opciones para cuiiiplir las regulacioiies federales sobre el 
medio ambiente y la relacion del transporte con la calidad del aire y el us0 de 10s suelos. En terminos 
gencrales, estas disposicioncs han sido extreniadaiiicnte benignas desde 10s puntos de vista del transporte y 
del inedio ambiente y, por consiguiente, son de sumo interts para 10s participantes de la conferencia 
CODATU. En algunos casos no sc han satisfecho plenamente las expectativas, pero en otros 10s rcsultados 
haii sido sobresalientes. Este docuniento se centra en ciertas caracteristicas que tienen l a  mayor aplicabilidad 
en  otros paises del mundo. En forma colecliva, 10s procediniientos de 10s MIS representan un cxperimento 
audaz para mejorar 10s procesos dc toma cle decisiones y planificacion al nivel local. A1 igual que muchas 
innovaciones, existen detractores que preficren niantener el statu quo y, por lo tanto, el futuro del proceso de 
10s MIS es incierto. 
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‘Ihc 1 ii t e riii o d a1 S U r fac c ?‘ran s po r t a t i o n E ffi c i c iic y 
Act (“ISTEA”) passed in  the Unitcd States in  Dc- 
ceiiiber 199 l sparked revolutionary new ways of 
planning, decision-making, and allocating money for 
fe d e r a 1 1 y - fu i i  d ed trans 17 or t a t i o n p r oj c c t s. A sub se - 
quent transportation authorization bill approved in  
June 1 998, this time iiaiiied the Transportation Eq- 
uity Act for the 2 1 5‘ Century (TEA-2 1 ), incorporates 
and frequently strengthens IS‘I’EA’s most positive 
prov i s i o 11s. 

Because these two bills have been extremely 
transit - and eiiv i roniiien ta 1 1 y - fi-i c lid 1 y , they con tai i i  a 
number of provisions of potential interest to CO- 
IIA’I-U members. Some have fallen short of expcc- 
tations but others have wildly exceeded them. This 
paper will focus on one of tlie most eff‘ective fca- 
tures that has potential applicability in other coiiii- 
tries of the wo r 1 d-iii u 1 t i  - in0 da 1, c iiv i ro iiin c i i  t a 1 1 y - 
sensitive transportation corridor planning. 

~- 
Regional 
Planning 
Studies 

THE NEW U.S. PLANNING PROCESS 

CorridorlSubarea 

* MIS 
f Planning Studies 

The ISTEA-mandated planning process calls for 
metropolitan regions to undertake regional studies 
that identify priority corridors for subsequent de- 
t a i 1 ed anal y s i s , cal led iiiaj or i livest men t stud i es 
(MISs). The results of an MIS would then feed back 
into the regional planning process and be subjec ted 
to their fiscal constraints aiid required tests related to 
air quality standards. If successful, the recoiii - 
mended strategy then moves into project develop- 
ment. ‘I-his process is illustrated in Figure 1. 

I Long Range System Planning I 
I I 1 I 

Plan Adoption - Fiscal Constraints 

- Preliminary Engineering 
Comple te  NEPA Document 

Implementation 

Figure 1 : Metropolitan Long Range Transportation Planning 
Process 

MISs arc triggcrcd whcn a local agency identilies 
tlie need for both a major transportalion in\~cstmcnt 
and federal funds. They arc very comprehensive 
studies of a broad range of alternative solutions, 
typically taking at least 18 months and costing a 
million dollars or more. I n  an MIS, considerable 
tiiiic up-front is spent defining tlie problems, needs, 
and opportunities to be addressed. Then all reason- 
able alternativcs are idcntilicd and subsequently 
scrccned. Their primary purpose is to provide infor- 
mation about the likely impacts aiid co~iscqiicnccs of 
alternative investment strategics so that better deci- 
sions arc made. 

SELECTED KEY MIS FEA‘TURES 

Multi-modal planiiing 

The idea that planners compare highway and 
transit alternatives and then pick the best overall 
mu 1 ti - i i i  o d a 1 strategy fro i i  1 i i  uiii e ro u s per s pec - 
tivcs is probably unique or at least not very 
coiiiiiion. Yet this is the type of planning ISTEA 
mandated and U.S. planners have been practic- 
ing since late 1993 wlicn MIS guidance was is- 
sued. 

11- 
cies (highways or transit) developed plans for 
their modes independently. Different federal 
regulations aiid funding programs resulted in an 
un-level playing field, heavily biased against 
transit. MIS rcquirements eliniiiiated most of 
these barriers by niaiidating a new uniform 
multi-modal planning process. 

I n  the beginning of’ an MIS, all “reaso~iable 
alternatives” must be considered aiid planners 

In tlie past, officials li-om local modal age 

Figure 2: Planners in Orange County, CA, are considering a 
widc range of modal options to solve their inobilily problems. 
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are encouraged to think creatively about the pos- 
sible options that might meet the study goals and 
objectives. Alternatives are then screened to a 
manageable number, typically four to six, and 
evaluatcd in-depth. Sometimes two or more 
screenings are necessary . 

d- 
vanced as originally conceived, although transit 
solutions have emerged i n  a few corridors ini- 
tially predicted to be roadways and an incrcas- 
iiigly prevalent outcome is packages of mu1 ti- 
modal strategies-featuring both roadway and 
transit elements, and, more often, ITS and land 
use and other policy changes as well. 

Many transit and higlilvay projects Iiave a 

Mandatory interagency collaboration 

The new multi-modal planning triggered the ob- 
vious need for corresponding interagency col- 
laboration. If planners are considering highways, 
transit, and other transportation solutions to- 
gether, representatives of implcnicnting agencies 
for each mode must be at the table. Thus, the 
federal guidance requires a broad range of 
stakeholders to form a special oversight group 
for each MIS. Participants must include: the state 
depart 111 e 11 t o f transport at i o 11 ( D 0 T) , re 1 c v a n t 
t ra 11s it age nc i e s , e iiv i ro 11111 en t a1 re source and 
permitting agencies, affccted local officials, Scd- 
cral highway and transit agencies, operators of 
other major transportation modes and, where ap- 
p ro p r i a t c , CO 111 ni UII i t y deve 1 o p me i i  t age nc i es , 
major governmental housing bodies, and other 
potent i a I 1 y a ffec tc d agcnc i e s. Provi d i ng o ve ra 1 1 
coordination and leadership is the metropolitan 
planning organization (MPO). 

As might be expected, there have been soine 
problems. Some agencies have resented relin- 
quishing full control over their studies, animosi- 
ties between competing modal agencies and/or 
others have occasionally adversely affccted co- 
operative planning and study schedules, and  
some key participants have unfortunately de- 
clined to be involved. Overall, howevcr, the ex- 
perience has been highly positive and resulted in 
far more multi-modal outconies than pre-ISTEA 
planning had produced. I n  St. Louis, for exam- 
ple, the three principle agencies (state DOT, 
transit agency, and MPO) have set up a joint of- 
fice where their staffs worh closely on all MISs 
in  the region and are actively engaged in multi- 
modal planning. 

Strong public invol\ ciiient 

ISTEA’s legislators agreed that increased citizen 
involvement would yield numerous benefits in- 
cluding better planniiig and enhanced chances of 
project implenientation, and they required public 
participation prior to transportation decisions at 
several critical points. The implementers, how- 
ever, struggled over exactly how to achieve this. 

I t  was generally rccognized that every pla 11- 
ning situation is dii’l’crent and that public in- 
volvenient approaches and techniques specifi- 
cally tailored to local circumstances were 
needed. Thus, liiglil~. prescriptive federal regula- 
tions such as requiring all MISs to have a certain 
number of meetings or a citizens advisory coin- 
inittee risked impairing local flexibility, resulting 
in routine “cookie-cutter” approaches instead of 
the creativity that was hoped for. Yet it was clear 
that many planning activities did not provide 
sufficient opportunity for effective participation, 
and that something more was needed. 

The ultimate solution was a set of perform- 
ance-based criteria for public involvement pro- 
grams requiring planning efforts to have the 
following cliaracteristics: be proactive, be early 
and continuing , p ro vide co nip 1 et c inform at i o 11, 

provide tiiiiely public notice, feature broad pub- 
lic outreach including special efl‘orts to engage 
populations traditionally under-served like low 
income and minority populations, and be respon- 
sive. 

These criteria prescribe.very little in  the way 
of concrete rcquirements but arc designed to 
prompt local agencies to more vigorously solicit 
public input. I n  essence, they represent a coin- 
promise between those who oppose any new 
fed e r a1 reg u 1 at i o ns and groups want i ng nio re 
rigorous ~-equirements. I t  is difficult to measure 

Figure 3: ISTEA’S public involvement provisions call for pro- 
active outreach to all grotips of people polentially affected by a 
planning effort. 
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11icir cxacl 111ipact bu t  tlicre 1 5  much cvidencc 
suggesting they have had an cxtremely positive 
effect, sparking notable iniproi,ement in almost 
all agencies. While the performance criteria rep- 
resent a good interim step, they are not tlie ulti- 
mate solution because many agencies still have 
deficiencies in their public involvement practices 
and decision-niaking responsiveness. 

Early environmental considerations 

Transportation affccts environments and coni- 
munities in very fundamental ways. Prior to IS- 
TEA, many agencies delayed their environ- 
mental investigations until late i n  tlie planning 
process and focused their efforts on mitigating 
adverse impacts. By requiring localities to con- 
sider such effects at the vcry beginning of a cor- 
ridor planning process, MIS guidance has fos- 
t e r e d re nc w c d se ns it i v i t y to en v i r o n me n t a1 
concerns as part of transportation decisions, 
stiniulated more environmentally-sensi tive plan- 
ning, and avoided much costly subsequent con- 
troversy. 

For example, in Miami, the early collaborative 
interagency process and public involvement 
meetings on tlie East-West Corridor MIS identi- 
fied several environmentally-sensitive sites in- 
cluding a golf course and park and Flaglcr Street 
in Little Havana. Alternative routings avoiding 
these areas were developed early in the study. I n  
an especially unique collaborativc effort, Lin- 
coln, Nebraska planners reduced a flood plain 
and the number of buildings at risk from 1000 to 
zero tlirough construction of a new channel and 
acquisition of 50 propertics, allowing new road- 
ways to be constructed. (No federal highway 
dollars are allowed in flood plains). I n  Virginia, 
an “Environniental Overview” was a major re- 
source in the early screening of alternatives on 
an interstate MIS. Many niorc benefits of con- 
sidering eiivironinental coiiccriis from a study’s 
beginning can be cited. 

B Options for complying with federal environ- 
nicii tal reg u 1 at i o ns 

I n  an effort to provide greatel ilexibility to local 
governments, thc federal MIS guidance provided 
two options for the timing of preparing formal 
en v i ro n i n  c n t a1 doc u me n t at i on , c a1 1 ed an “Env i - 
ronmental Impact Statement” (EIS). The EIS 
could be prcparcd concurrently with the MIS or 
after it. This proved thc least successful conipo- 
ncnt of MISS as i t  provoked considerable local 
confusion and sonic MIS sponsors who opted for 

deferring the MIS later found themselves dupli- 
catlng/rcpcallng varlou!, ana1yscs. in  I L f i - L  I ,  
Congress instructed the federal agencies to 
eliminate the MIS as a separate activity and bet- 
ter integrate it  into formal environmental proc- 
esses, while retaining tlie hasic MIS principles, 
more effectively nielcling tlicm into current plan- 
ning and environmental processes. 

Transportation/air quality rclutionships 

The MIS requirements were effectively inte- 
grated with a nationai bill, the Clean Air Act 
Amendments , to support efforts to improve air 
quality in  mctropolitan arcas which do not meet 
national air quality standards for ozonc, carbon 
monoxide, and particular matters. Solutions are 
being forged at the regioiml level, with the MPO 
serving as a forum for coordinated and coopera- 
tive dccision-making. Transportation projects 
judged to adversely effect air quality, such as 
inany single-occupancy-highways, will not sur- 
vive tlie MIS/MPO qprova l  processes while 
projects which contribute to improved air quality 
conditions are given special status. 

?’raiisportcition/land use linkages 

The Unitcd States has traditionally lagged be- 
hind inany countries of the world 111 coordinating 
land use and transportation. The MIS guidancc 
calls for land use to be analyzed for all modes 
and a corresponding mandate requires sponsors 
of transit projects secking discrctioiiary federal 
“New Start” funds to submit their projects to a 
rating process. Localities scoring high stand a 
better chance of obtaining large amounts of New 
Start funds, tlie biggest source of federal money. 

Figiirc 4: Portland, Oregon leads U.S. cfforts to l ink  land use 
witli light rail transit. 
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Some communities have received over a billion 
dollars i n  New Start funds for a single transit 
project. 

bV1111C LllC rclllllg Crltcrl‘l covcr a broad range 
of factors, it is known thai the land use evalua- 
tion is second in  iniportaiicc only to local finan- 
cial commitment. Spccil i ca l l~ ,  fcdcrnl officials 
arc intercsted i n  tlic dcgiec to which local land 
use policies are likely to foster transit-supportive 
land use, measured in terms of’ tlie kinds of poli- 
cies in place and the coniniitnicnt to these poli- 
cies. Six factors are considercd in an aggregate 
liigh/mediuni/low rating: existing land usc, con- 
t ai n me n t of s p ra w 1, trans it  - sup po r t i vc co r r i do r 
po 1 i ci es, support i vc zoning rcgul at ions near t ran- 
sit stations, tools to iniplcnicnt land use policies, 
and tlie pcrforniancc of land use policics. 

The second round of evaluations took place 
this year. Most projects did not score very well, 
with commuter rail rated tlie lowest and light rail 
the highest. However, projects in final design 
scored lower than those in less advanced phases, 
suggesting tlie land use criteria are having an 
inipact on emerging projccts. 

Transit operators who already have strong r c- 
lationships with their local land use agencics or 
reside in countries with strong centralized con- 
trols will lind little of benefit in tlie U.S. expcri- 
ence. In  countries where these linkages and 
controls have not yet been established and fed- 
eral funding is critical, our experiment with land 
use evaluations may be of interest. 

CONCLUSIONS 

I: o c u s i n g on p 1 ann i i i  g p ro v i s i on s for transport at i on 
corridors in nced of major capital investments is a 
useful way of introducing good planning principles 
that reinforce broad national goals. Officials in  tlic 
Unit cd S t a tes dc term i ncd that mu 1 ti -modal p 1 a m  i ng , 
mandatory interagency collaboration, early eiivi- 
ro mi e n ta 1 c o 11 side ra t i o ns, c nv i ro n ni en ta 1 options , 
and linkages with air quality and land use could help 
them achieve broader national objectives, and they 
put enforcing provisions into their planning guid- 
ance for corridor studies. All succeeded except the 
c n vi ro nnie n t a1 opt i oils, w hi cli caused cons i de ra b 1 e 
local confusion and were generally misunderstood. 
Other countries might consider tlie benefits of fo- 
cusing on corridor planning requircments--either on 
an ad hoc basis or by incorporating provisions into 
your national legislation. When you arc contcni- 
plating a hundred million dollars or more of trans- 
portation investments, it makes scnse to do careful 
advance planning-ensuring that tlie outconie is tlie 
best investment from multiple perspectives. It  is also 
prudent to work out what to do in ternis of local 

planning and policy changes to maximize your in- 
vestment from a community perspective. 

The U.S. MIS procedures represent a bold na- 
ti on a 1 c s pe r i mcn t to i m prove 1 ocnl transport at io n 
plann1 ng and cicc 1 b I on -1llakl ng . IL1 any pract I t 1 0  ncrs 
and local stakcholdcrs thought it was succcssful, but 
otlicrs were less enthusiastic. These typically in- 
cluded sonic IiigIiLvay proponcnts and conservativc 
state and local officials who rcsist any fedcral intcr- 
vcntion in local. ‘I‘lie problems associated with tlic 
environmental options provision opened the door for 
a widespread political attack on the entire MIS proc- 
ess, and its future ‘it present is uncertain. A “lesson 
learned” for othcr countries is to makc sure any fun- 
damentally new plmiing legislation fits compatibly 
wit 11 yo U r c x is t i 11 g 13 rac t i c cs and p rocc d U 1.c s, U n 1 c ss 
you simullancouslj cliangc thcm. Also, thc powcr of 
adversaries of proLgressive clinngc slioulJ never be 
undcrcstiniatcd, rcgardlcss of the technical merits of 
your i n  i t iat ivc . 
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ABSTRACT: 

Le Plan des DCplacements Urbains 
de l'agglomkration lyonnaise 

Vers un nouvel espace urbain 

Jusqu'A une epoque recente, les villes ou communautes 
urbaines competentes, en France, pour les transports en commun 
se preoccupaient surtout, en ce domaine, de problemes 
techniques, financiers ou de la bonne irrigation des differents 
quartiers par un kseau efiicace. 

La preoccupation d'une politique globale, integrant 
urbanisme, circulation, deplacements quel qu'en soit le mode et 
amenagement de I'espace public, est tout a fait nouvelle. 

L'evolution des textes traduit cette evolution des mentalites. 
La loi du 30 dkcembre 1996 sur I'air et I'utilisation rationnelle 

de I'energie oblige toutes les agglomerations de plus de 100.000 
habitants a se doter d'un Plan des Deplacements Urbains 
("PDU"). 

Cette loi donne aux PDU des objectifs et un contenu 
obligatoires : "diminution du trafic automobile", 
"developpement des transports collectifs et des moyens de 
deplacements economes el peu poiluants", "usage coordonne de 
tous les modes", "affectation appropriee de la voirie aux 
differents modes", autant d'klernents qui marque le volontarisme 
du Iegislateur. 

C'est la premiere fois en France qu'un texte a portee 
legislative insiste sur I'importance d'une politique publique 
coherente de mobilite et en impose les conclusions : les 
diplacements automobiles doivent cesser d'avoir une part 
croissante dans I'ensemble des deplacernents urbains et I'espace 
urbain doit avoir d'autres vocations que de les faciliter. 

Ce texte, destin6 a encadrer les dkcisions des collectivitCs 
locales, s'inscrit dans une double orientation : la protection de la 
sante individuelle d'abord, puisque le prembule de la loi affirme 
le droit de chacun A respirer un air pur qui ne lui soit pas nocif ; 
la protection de I'environnement ensuite : la notion de "coiits 
sociaux", de-ja evoquee dans les textes relatifs a I'urbanisme, qui 
permettait de depassir des approches strictement financibres, 
comprend disormais explicitement les atteintes a 
l'environnement. La pollution n'est pas seule en cause : ce sont 
les nuisances au sens large du terme qui sont viskes, I'alteration 
de I'espace urbain et, a terme, m&me si le mot n'est pas prononce, 
la degradation de la qualite de vie en ville. 

Pour la premiere fois, la volonte de rationaliser les 
deplacements et de maitriser leur developpement est clairement 
esprimee, alors quc jusqu'alors la civilisation urbaine s'ttait 
construite sur  d'autres priorids. 

L'agglomeration lyonnaise a C t e  la premikre agglomtration 
franqaise A se doter d'un PDU, temoignant ainsi sa volonte de 
s'inscrire dans ce moiivernent de renouveau urbain. 

Agglomeration millionnaire, avec de multiples centres 
secondaires parfois fortement peuples, composee de 5 5  
communes fedCrees dans une communaute urbaine, 
I'agglomeration lyonnaise est marquee par une image de 
pollution liee a son histoire industrielle mais aussi a sa 
geographie et ses choix. 

SituCe sur un couloir de circulation national et internationai, 
la ville a joue depuis 30 ans la carte de I'ouverture au trafic 
automobile. Une autoroute traverse ainsi le caur de la ville. 
d'autres s'y dkversent presque directement. Cette ouverture se 
mariait bien avec une vocation industrielle. Comme bien des 
villes, Lyon et sa region ont connu une urbanisation de plus en 
plus diffuse, rendant ainsi inevitable le recours a la voiture pour 
les deplacements quotidiens. L'ilargissement du p61e demploi, 
dont 
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temoigne I'augmentation reguliere des mouvements alternks 
quotidiens de moyenne portee (30, 50, voire 100 kilometres) 
vient amplifier ce constat. 

La ville traditionnelle est sortie des rnurs, elle s'est CtalCe, 
rnais le bassin de vie s'est encore davantage elargi. II englobe 
plusieurs cites proches qui deviennent dependantes les unes des 
autres. 

I1 n'est donc pas surprenant que I'automobile ait une part 
croissante dans I'ensemble des deplacernents. Cette part atteint, 
aujourd'hui, a Lyon, pres de 80 % des deplacements dits 
rnecanises, hors rnarche a pied. 

Cette proportion n'a cesse de croitre, notarnment pour les 
dkplacernents provenant des zones les plus excentrees de 
I'agglomCration. Si les tendances se poursuivent a I'identique, 
I'anneau de congestion qui se forme progressivernent autour de 
la ville va se boucler et s'kpaissir. Certaines voies internes a la 
ville elle-mCme supporteront, d'ici A 10 ans, une croissance de 
30 ou 50 YO de trafic, ce qui reprksente une perspective 
inacceptable. 

La ville n'a pas, en effet, rCussi a se protkger contre un trafic 
de transit ou d'echange qui perturbe tous ses quartiers, m&me les 
plus centraux. Elle ne I'a d'ailleurs pas vkritablement tente 
jusqu'ici. 

L'elaboration du Plan des Deplacements Urbains a 6tC 
I'occasion d'une prise de conscience sur les consequences de ce 
constat et a marque la volontk de reagir. 

Les grands choix adopt& en 1997 peuvent &tre rappeles en 
quelques mots : 
- reduction de la voirie la ob le trafic automobile d'echange 
peut se reporter sur des voies rnieux adaptees, 
- partage diffirent de la voirie interne a la ville au bCnCfice des 
transports en comrnun, des pietons, des vClos : avec la creation 
de sites propres pour !e tramway, les trolleybus, les bus ou les 
velos, avec I'elargissernent des trottoirs, l'espace public doit 
donner rnoins de place a I'automobile et davantage a des modes 
rnoins polluants, rnieux compatibles avec une vie urbaine de 
qualite, 
- stationnernent en ville reglernente differemment et plus 
stricrernent (tarif, duree.. .), de rnanikre a rnieux proteger certains 
quartiers, 
- meilleure attractivite des transports en comrnun : confort 
accru, fiabilite des temps de parcours garantie gr6ce a des sites 
propres et a la priorite aux feux, 
- tarification des transports publics mieux adaptee, avec le souci 
d'en faciliter I'usage pour les categories modestes en rnenant une 
politique de prix incitative et en adaptant le cobt de certains 
titres en fonction des ressources. La volonte en I'occurrence est 
de "recoudre" la ville en permettant aux habitants des quartiers 
en difficulte, souvent des quartiers excentres, de se rendre plus 
lacilenient au centre-ville. 

U n  riseau de lignes fortes de surface desservant la totalite de 
l'agglorneration et percant la ceinture de congestion est en projet. 

Pour traduire ces engagements, le PDU se fixe des objectifs 
quantifies a 10 ans sur la reduction des nuisances (bruit et 
pollution notamment). sur la reduction des temps de trajet en 
transports en cornrnun : i l  ambitionne I'etablissement de 
meilleures conditions de concurrence avec la voiture et vise ainsi 
un renversement des tendances. avec un arr&t de la croissance 
des deplacements automobiles et une augmentation, au moins de 
quelques points, des aLitres modes. 

Au-dela de la presentation de ce constat et des objectifs que 
nous poursuivons, je voudrais engager ici une rCflexion sur 
I'environnernent entendu au sens de I'espace urbain et montrer 
combien cette notion est importante pour la reussite d'un projet 
conime le PDU. 

L'espace urbain est en effet modelable et transformable grike 
a une politique active en faveur des transports en commun, des 
pietons ou des velos. 

C'est aussi iinc realite qui touche tres intimement a la vie 
quotidienne des habitants et a la conception qu'ils se font de leur 
propre liberte. 
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De fait, les Plans des Deplacernents Urbains traitent bien 
evidernrnent de la rnobiliti des habitants, rnais aussi, en realite, 
de  sujets plus vastes et plus delicats. 

Pendants des dizaines d'annees, nos villes se sont 
transforrnees en s'etendant gkographiquernent, en absorbant leurs 
pkripheries, en s'etirant vers les aeroports ou les zones 
industrielles et cornrnerciales lointaines. A I'occasion des PDU, 
une reflexion sur les "formes urbaines" s'est enclenchee. Elle se 
traduit aujourd'hui par le refus d'accepter que les opkrations 
d'urbanisrne ou la creation de grands equipernents ne soient pas 
accompagnes, dks le depart d'une preoccupation "transports". 
Jusqu'alors, ceux-ci etaient le parent pauvre qui s'essoumait A 
suivrc I'extension urbaine. Desormais, la preoccupation est 
inverse : elle est de densifier I'occupation de I'espace autour des 
axes de transports existants, en considkrant que ceux-ci 
structurent la vilie et qu'elle doit se renforcer prioritairement 
autour ti'eux. 

Au-del4 peut-ftre devons-nous abandonner I'arnbition de 
creer ex nihilo des quartiers neufs ou des zones d'activites aux 
portes des cites traditionnelles. Peut-ftre, pour arneliorer la ville, 
devons-nous d'abord travailler sur le tissu existant, le 
transformer progressivement, lui apporter des amenagements. 
C'est rnoins facile, c'est sans doute rnoins visible. Mais 
probablernent I'urbanisrne de dernain sera-t-il plus modeste et 
plus soucieux des quartiers actuels, de leur amClioration et, 
quand ce sera necessaire, de leur evolution vers un espace 
veritablernent urbain. 

Un partage diffkrent de la voirie est, au demeurant, une 
occasion inesperee de transformer l'espace urbain existant. 

En milieu urbain, un projet &infrastructures de transports 
perdrait beaucoup d'interft s'il n'etait considere qu'en lu i - rnhe ,  
en fonction de sa rentabilite potentielle, voire rn&me du seul 
service rendu. En fait, la realisation d'un tel projet concentre tous 
les choix d'une politique urbaine : elle offre I'occasion de  
repenser I'affectation de la rue, la largeur des trottoirs, la place 
des velos, I'organisation des carrefours, la politique du 
stationnernent du quartier et le type de trafic automobile qui va y 
ftre aecepte. Ces choix sont cornpris au depart surtout cornrne 
des contraintes pour la vie locale, pour les livraisons ou la 
desserte des riverains. Mais c'est aussi une chance : des lors que 
sont presentes les enjeux a long terme, I'irnpact sur 
l'environnernent, I'ernbellissernent de la ville, ces choix sont 
rnieux acceptes : un recent sondage effectue au niveau national 
rnontrait que 76 YO de la population etait convaincue de la 
necessite de limiter I'autornobile en ville, essentiellernent dans le 
souci dun amenagement plus convivial de I'espace public. Le 
PDU est ainsi une occasion de travailler "sur la ville", de la 
recreer. 

Pour autant, i l  faut souligner I'extraordinaire ambivalence des 
habitants quant a la modification de leur espace urbain. 

A Lyon, I'Claboration du PDU a ete un moment heureux : peu 
de voix se sont tlevees pour en contester les conclusions. La tres 
grande majorit6 des habitants consultes a choisi, parmi les 
scenarios presentes, celui qui etait le plus ambitieux, le plus 
volontariste, celui qui devait promouvoir une ville nouvelle. 
Tous les sondages, nationaux ou locaux vont dans le rnfrne sens 
: pour en evoquer deux parrni les plus rkcents, 76 % des franqais, 
80 YO des fernrnes conductrices souhaitent la reduction, voire la 
disparition en ville du trafic automobile. A Lyon, 82 YO de la 
population ont Cte favorables au principe du tramway quand la 
realisation de deux lignes a et6 annoncee. Le sondage montrait 
que les habitants plaqaient la pollution au premier rang de leur 
preoccupation et approuvaient massivernent la politique issue du 
Plan des Deplacernents Urbains. 

Cependant, lorsque I'on pousse plus loin I'interrogation, la 
realite est plus complexe et plus arnbigue. Une chose est 
d'accepter une perspective lointaine, theorique, rationnelle, une 
autre chose est de voir, dernain, sa propre rue se modifier. Une 

chose est de savoir qu'il faut lutter contre les nuisances et la 
pollution, une autre est de s'engager concretement dans cette 
lutte et de modifier ses propres habitudes. 

Le r n h e  sondage selon lequel 80 % des fernmes souhaitent 
la disparition de la voiture en ville indique que 70 % d'entre 
elles n'aimeraient pas qu'on leur interdise l'acces en voiture a 
leur quartier.. . La population est bien evidernment sensible aux 
nuisances et pointe le bruit, les accidents, la congestion parfois 
et la laideur de la ville. Mais chacun cherche d'abord a s'en 
proteger individuellernent.. . tout en redoutant les disciplines 
collectives. 

Le Ministre franqais de I'Equipernent et des Transports a fait 
realiser, i l  y a quelques mois. dcs films sur la rnanikrc dont les 
habitants de quelques grandes villes percevaient leur cite, ses 
problemes, son avenir. Lyon etait du nornbre. Certains habitants 
ont C t e  alors d'une rernarquable lucidite : nous savons bien, 
disaient-ils, qu'il serait absolurnent necessaire de prendre des 
mesures contraignantes sur l'autornobile et de mieux protCger 
notre espace de vie. Mais nous n'en avons pas envie. Et nous 
attendons des hornrnes politiques qu'ils nous y conduisent 
neanmoins : nous leur serons reconnaissants d'avoir ce courage, 
que nous n'avons pas nous-mfme spontanernent. 

De ces reactions, nous devons tirer, nous autres decideurs, 
une conclusion politique : I'appel au consensus, I'appel au 
civisrne sont tris probablernent, dans ce contexte, inoperants ou, 
du rnoins. insuffisants. I1 faut plut6t avancer et temoigner de la 
volonte d'agir, rnontrer certaines realisations exemples, illustrer, 
donner a voir. 

Une des chances de notre PDU, c'est d'avoir Cte rapide dans 
sa volonte de concretisation : nous faisons ainsi la demonstration 
que le changernent est politiquernent voulu, qu'il est possible et, 
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au derneurant qu'il n'apporte pas seulement des contraintes. 
Nous rnontrons qu'il y a une contrepartie positive qui est 
I'em bellissernent de I'espace urbain qu'apporte notamment la 
construction de deux lignes de tramway, dans le calme retrouve 
d'une rue inoins frequentee par les voitures, dans I'dlargissement 
des trottoirs, dans les plantations d'arbres, dans le souci de 
retrouver. en ville, la promenade. 

Cependant, tout n'est pas gagne et "I'esprit PDU" mettra 
longtemps a &tre accepte et pleinernent integre aux reflexes 
quotidiens des habitants. 

La concertation sur le PDU et sur le tramway et le dialogue 
engage a cette occasion avec les habitants ont ainsi rnis en 
lumikre, a Lyon, I'ambivalence de l'opinion publique vis-a-vis 
des transports en comrnun, qui n'ont pas une image socialement 
valorisante et sont, du coup, consideres comme une necessite 
plus qiie comme un choix. I1 est clair que la prise de conscience 
sur I'irnperatif du developpement des transports en wmmun 
commence a penetrer une partie de I'opinion, mCme lorsque ses 
options I'inclinent, par tradition plus que par reflexion, a 
assirniler voiture et sauvegarde de la liberte individuelle. Mais, il 
y a souvent encore du dCdain vis-a-vis de ce qui est considere 
comrne une necessite sociale destinee a des clients captifs qui ne 
disposent pas d'autres choix. Dans ce cas, accepter les 
ameliorations destinees au reseau apparait envisageable. Mais 
donner une vraie priorite aux transports en commun, voire 
structurer autour de lui I'espace urbain est infiniment moins 
admis. Lors de la concertation sur les itineraires du futur 
tramway, rnille suggestions ont et6 faites pour lui trouver 
d'autres chernins, pour qu'il passe dans des rues confidentielles, 
residentielles, a I'ecart des grands axes de circulation et des axes 
comrnerpnts. I I  n'est pas evident pour tous qu'un tramway doit 
Ctre avant tout visible, passer par les principales meres, marquer 
sa place. Les transports en commun ne sont pas encore un bien 
veritablement cornrnun.. . Leur revalorisation et leur 
appropriation par tous restent encore une ambition. 

Enfin, i I  sera sans aucun doute difficile d'acclirnater dans des 
villes cornme Lyon, ou la circulation reste encore, rnalgre tout, 
reiativernent fluide, I'idee que I'espace est un bien commun A 
organiser ensemble et que cette organisation relbve de decisions 
pol i t i ques . 

Une @tude qualitative a ete effectuke en 1997 ti Lyon pour 
rnieux cornprendre le cornportement des lyonnais en rnatiere de 
circulation et de stationnement et, notamment, savoir pourquoi 
ils ne respectaient pas ou peu certaines rkgles, par exemple le 
paiernent du stationnernent payant, qui est faible a Lyon en 
cornparaison d'autres grandes agglomerations. 

Cene etude revele que la voiture est completernent 
integree a la vie de la ville et que les habitants la perqoivent 
comme le rnoyen le plus pratique de circuler. Lyon est une ville 
oil I'espace n'est pas encore tres rarefik. dans ces conditions, les 
lyonnais considerent la rue cornme un espace ouvert dans lequel 
on doit pouvoir circuler et stationner librement et gratuiternent. 
Le sentiment que I'espace est un bien commun et rare et doit, de 
ce fait, relever des choix de la cite est encore peu repandu. la 
contrainte est ma1 acceptee : elle est d'abord considCree cornme 
attentoire a la liberte d'aller et de venir. 

La legitirnite de politiques publiques visant a terrne m e  
rneilleure gestion de I'espace n'est pas encore acquise. Cet etat 
d'esprit est d'autant plus repandu que I'on s'eloigne du centre et 
que I'espace est moins contraint. Dans les villes que le tramway 
va traverser aux abords de Lyon, la suggestion d'une extension 
du stationnernent payant pour compenser, par une meilleure 
rotation, les places de parking supprimees par le tramway etait 
r e p e  dans un silence d'incomprehension. .. Pourquoi payer pour 
ce qui doit Ctre accessible a tous ? 

Ce constat renforce bien evidemrnent la necessite d'une 
reference a un plan d'ensemble qui insiste sur les tendances a 
I'cEuvre et perrnette d'agir avant qu'il ne soit trop tard. I1 renforce 

Cgalement I'importance de prendre son temps pour modifier le 
jugement des habitants et faire passer les choix de mobilite de la 
sphere des choix personnels a la sphere des choix politiques. La 
perception de I'espace est encore individuelle, personnelle, 
parfois egoi'ste. I1 faut que dernain, I'espace soit ressenti comme 
un bien veritablement cornmun. I/  faut trouver un equilibre 
entre une ville ouverte, vivante, mobile et une ville cependant 
mieux protegee, avec des espaces preserves. C'est au prix de 
cette evolution que les politiques de deplacements pourront &tre 
acceptees et influer sur 1e fonctionnernent de la vilie, en 
restaurant, a tous les sens de ce terrne, I'urbanite aujourd'hui trop 
oubliee. 

Phototh2que SrrRAL X 
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Urban transport standard 
Standard urbain de transport 
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ABSTRACT: Strategic planning (of sustainable development) implies a shift from technical, branch indices 
to humanitarian ones characterizing standards of living. In context of urban transportation the solution is ur- 
ban transport standard, which is an aggregate of the indices of end consumption of transport services mini- 
mally required to sustain normal living conditions, such as mobility, level of transport discrimination, level of 
ecological safety, net contribution of urban transport to GDP. 

Rl?S&: La planification strategique (du developement durable) signifie un transfert des indices techniques 
et industruels aux indices humanitaires decrivant des standards de la vie. Dans le contexte du transport urbain 
la solution est le standard urbain de transport - un ensemble des indices de la consommation finale de tels 
services routiers necessaires au minimum pour maintenir des conditions normales de la vie que la mobilite; le 
niveau de discrimination transport, le niveau de securite ecologique, la contribution nette du transport urbain a 
PIB. 

The advent of the new millennium necessitates new 
conceptions of social development reflecting modern 
tendencies. With regard to the specific character of 
transportation as an infrastructure, it can be said that 
its role in sustainable development of the society is 
rather ambiguous. And it is even more so with urban 
passenger transportation. 

Transport policy in the countries with social mar- 
ket economy aims at revival of public transportation 
and curb on the number of individual vehicles. The 
90-es were marked by increasing role of rail trans- 
port in the infrastructure. It was mainly due to eco- 
logical problems in the cities. Efforts to privatise ur- 
ban passenger transport (UPT) were reduced to 
nothing, the reason being low profitability of UPT or 
its absolute unprofitable nature. Thus, UPT falls un- 
der more and more active patronage of the state 
authorities. However, the methods of state 
“interventi~n~~ should be controlled by the end goals 
of its existence - a universal well-being, including 
concern about the future generations. Therefore, 
there is a connection between this process and sus- 
tainable development in its broader meaning. This 
connection is the very essence of UTS. 

The hture of public urban transportation depends 
on the priorities that will be given to the following 
three major tasks: 

- fulfilment of social duties with regard to 
those sections of the population that do not have in- 
dividual vehicles; 

- maintenance or improvement of economic 
stability in the districts where services are provided; 

- minimal damage to the environment. 
The most important component of the social 

sphere fbnctioning is the state social regulation, im- 
plying legal regulation of social development with 
application of the most significant social norms and 
standards. Thus, social norms and standards estab- 
lished by laws and other norm-bearing documents 
determine the degree of fblfilment of the constitu- 
tional rights and guarantees, regulate social protec- 
tion of the population, and set up branches of the so- 
cial sphere. 

The main pre-conditions of development of the 
social standards for urban passenger transportation 
are the infrastructural character of the transportation, 
tight connection of its fbnctioning with all branches 
of the economy and social sphere, direct influence of 
urban transport malfbnctions on the consumer and 
industrial markets, as well as on the living condi- 
tions of the present and future generations. 

Economic expediency consists in effective provi- 
sion of the population with the needed passenger 
communications to the extent when the cost of the 
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system (in its broad meaning) is still offset by the 
contribution to the well-being of the society. 

To achieve this goal, urban transport system 
should meet the following requirements: 

- to be a well balanced combination of pub- 
lic and private transport with consideration of local, 
socio-economic, technical and ecological abilities 
and limitations; 

to be convenient, reliable and safe, while 
using limited resources of energy, land, etc. more 
rationally. 

From the point of view of programme-target 
planning, the functioning of UPT should be charac- 
terised by target and resource indices - social norms. 

In the context of urban transportation social 
norms are scientifically grounded qualitative and 
quantitative characteristics of the optimal state of 
business and household activity, which depend on 
passenger transportation. 

Urban transport standard (UTS) is a combination 
of target indices (norms) of end consumption of 
transport services, achievement of which guarantees 
sustainable development. UTS ensures that the citi- 
zens will receive minimally required level of trans- 
port services. 

Unlike purely branch indices (such as volume of 
passenger conveyance, average trip distance, coeffi- 
cient of transport pool on line, prime cost of convey- 
ance), characterising the work of urban transport, the 
indices that constitute UTS are the results of UPT 
functioning, reflecting normal transport conditions 
of business and household activity. 

The value of social norms cannot be considered 
constant. It is subject to complex dynamic rnodifica- 
tions, because any normative requirement should 
have "an open-ended structure", which means capa- 
bility to change quantitative parameters and the list 
of these characteristics. 

The range of the indices and qualitative charac- 
teristics of their parameters are determined by: 

- current level urban development (population 
size, level of real income per capita, features of ar- 
chitectural planning, life expectancy, level of social 
expenditures in the city budget); 

- potential development of a city (industrial po- 
tential, type of the demographic structure of the 
population); 

- 

- city size. 
On the whole UTS should reflect value orienta- 

tions of the society that can be translated into reality 
in 5-20 years and used for the following issues: 

- strategic planning of urban development with 
regard to town-planning, economic and social fea- 
tures; 

- creation of a new mechanism of procuring fi- 
nancial support for development of urban passenger 
transportation (shift from paragraph-by-paragraph 
financing to per capita financing) leading to a more 
effective use of budget means. 

The following sets of norms can be singled out: 
- direct quantitative expression of degree of 

various requirements, or norms expressing the ab- 
solute degree of a certain requirement; 

- norms expressing a relative degree of a 
certain requirement. 

Each city receives its own set of indices devel- 
oped with consideration of its architectural planning 
features, level of real income per capita a year, level 
of social expenditure in the city budget, level of 
ecological safety, and planning period, which can be 
5.5 - 10 or more than 10 years. 

The goal of urban transport policy is establish- 
ment of the required end state that can range from a 
very high standard of living to a very specific 
threshold value. Elimination of difference found 
between the actual and designed (normative) values 
of UTS is the end goal of urban passenger transport 
development from the point of view of sustainable 
development. 

UTS can consist of the following main indices: 
1. Transport mobility of the population. 

Transport mobility is one the main indices de- 
scribing the transportation system of a city. It is an 
integral index reflecting a contradictory set of fac- 
tors: 

- 
- 

ture; 
- 

portation system; 
- city.economy., 
Taking into consideration complexity and contra- 

dictory nature of this index, only one part of it can 
be incorporated in UTS - transport mobility with so- 
cial and cultural purposes (tripdperson a year). In 
other words, minimal level of travelling with the 
above-mentioned purposed in mind, the level that is 
guaranteed to each citizen given present state of the 
urban transport system. 

Social and cultural trips have been set aside with 
a purpose, because the rest of the trips (to work, 
college) is obligatory and unavoidable. In the future 
telecommunications will help us to study and work 
without leaving our respective homes, however, 
seeing friends, going to theatres, museums, etc. is a 
free choice of our'own, and it requires a '%ve" trip. 
Thanks to the technical progress unavoidable trips 
are supposed to decrease in number, while "free 
will" ones should continually increase. 
2. Ratio of public to private transport means. 

Ratio of development level of public urban trans- 
port OUT) to individual transport (IT) greatly influ- 
ences the parameters of the road network, as well as 
the economic characteristics of the system in gen- 
eral. 

Low density of geographical distribution and lo- 
cations of work places and service centres favours 
development of individual transportation, while PUT 

rhythm of the city life; 
town-planning features and planning struc- 

current state and development of the trans- 
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is economically justified by a higher density of 
building and concentration of production. Decision 
in favour of predominant development of IT deterio- 
rates conditions of PUT functioning, making it not 
always economically justifiable, because the number 
of users decreases. PUT and IT should not be com- 
peting, but exist in harmony and complement each 
other. 

PUT is an important factor of urban economic 
development. The future of this type of transporta- 
tion should be connected with the solution of such 
problems as: 

hlfilment of social duties with regard to 
those sections of the population that do not have in- 
dividual vehicles; 

maintenance or improvement of economic 
stability in the districts where services are provided; 

abatement of pollution caused by PUT. 

- 

- 

- 
Thus, the optimal ratio of PUT to IT guarantees 

that each and every citizen will enjoy normal trans- 
port conditions. 
3 .  Reliability of UPT (Level of Integral transport 

accessibility). 
Integral transport accessibility (ITA) is the index 

reflecting the quality of urban transport environ- 
ment. It is given in the form of average weighted 
loss of time spent on passenger conveyance. An ur- 
ban transport network should be considered reliable 
if it makes it possible for one to get from any place 
to any other place within the period called normative 
time inclusive time needed to reach an embarkation 
place, waiting time and changes on the way. Note 
that ITA norm is determined with respect to func- 
tional peculiarities of each location in the city. Level 
of transport accessibility is measured in YO as ratio of 
actual average weighted loss of time spent on pas- 
senger conveyance to normative loss. 
4. Level of transport discrimination of the popula- 

tion. 
Level of transport discrimination of the popula- 

tion shows in % what part of the citizens live outside 
the zone of normative accessibility. Similar to index 
3 ,  it is calculated with the help of expert system 
Geograd. 
5. Convenience of transportation by UPT. 

Convenience in PUT system is determined by a 
set of heterogeneous factors, technical equipment, 
technologies, transport organisation and manage- 
ment influencing passengers' physical and mental 
state during transportation. 

From the point of view of convenience a specific 
character of PUT is defined by the following cir- 
cumstances: 

- in PUT system the notion "convenience" refers 
to the whole trip - "from door to door", and not only 
to transportation; 

- relatively short period of time taken up by 
transportation proper if compared with other phases 
of a trip; 

- day-by-day multiple use of PUT system. 
In general, it can be said that inconvenience of 

PUT system increases passengers' physical and 
mental tiredness. Therefore, the degree of quality 
called convenience should be measured in the units 
of passengers' physical and mental tiredness. 

In the course of study of the convenience issue it 
is necessary to subdivide the notion of convenience 
into measurable attributes. Keeping in mind that 
certain characteristics of convenience can be set 
apart as independent indices or reflected in other in- 
dices, the main criterion of convenience can be the 
index giving number of people standing on one 
square meter of the salon of a vehicle. 
6.  Specific lost free time fund. 

Total unproductive loss of time spent on chase 
after transport services of socially guaranteed mini- 
mum by each city-dweller a day (measured in 
hours). Quantitative representation of this standard 
makes it possible to assess the quality of UPT func- 
tioning and evaluate its social (public) usefblness. 
7. Share of UPT in total pollution. 

Development of urban transport systems has 
brought forth a problem of evaluation of influence of 
transport functioning on the ecological situation in a 
city. The problem can be solved by establishing 
strict norms that would determine the level of eco- 
logical safety and encouragement of muscular trans- 
port modes. The main negative results of influence 
of the transport on the urban environment are air and 
noise pollution. Share of UTP in total pollution is 
estimated in YO of total pollution from all sources. 
Moreover, there can be additional standards: 

- level of noise pollution (decibels per 1 vehicle); 
- level of toxic fumes (million tordmillion pass.- 

km). 
8. Level of development of muscular transport 

modes. 
Share of muscular transport modes (e.g. bicycles) 

in total number of trips undertaken by city-dwellers 

9. Accident level due to UPT. 
Traffic safety during passenger conveyance is the 

challenge for all transport modes. Emergency situa- 
tions on roads are a phenomenon accompanying the 
motorization of the society and leading to significant 
losses. 

Traffic safety is the criterion of choice made in 
favour of this or that means of conveyance. 

On the basis of analysis of safety issue in Russia 
and abroad some specific indices-criteria were es- 
tablished: 

- number of accidents involving fatal injuries per 
1 o5 passengers; 

- number of accidents involving fatal injuries per 
1 O4 vehicles. 
10. "Effectiveness" of UPT. 

This index is calculated as ratio of results to 
costs. Results are monetary estimation of the share 

(%). 
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of transport in the gross domestic product of a city 
(or the gross added value) calculated on the basis of 
the methodology developed by Geogracom com- 
pany. Costs are the whole sum allotted for develop- 
ment of the urban transport system (subsidies from 
the city budget, taxes and other sources). If the value 
of this index is more than 1, then financial support of 
the urban transport system is expedient. 

All 10 parameters of UTS are determined for a 
concrete city on the basis of the following factors: 
1. Current level of development and structure 

(number of citizens in a city (N), city surface (F), 
characteristics of architectural planning structure 

2. Potential level of development and period of 
strategic planning. 

Type of architectural planning structure influ- 
ences the average distance of a trip undertaken by 
one citizen in a given city. It is believed that average 
trip distance (L av.), city surface (F) and coefficient 
of town-planning structure (K) are interconnected by 
the following formula (Velmozhin & Gukov 1998): 

00 ; 

L av. = 1.2+0.25 K f i  

Coefficient of town-planning structure (K) de- 
pends on the type of this very structure: 

1 - linear with cross-distribution with regard to 
the mains of major gravity centres of the population, 

2 - compact town-planning structure with cen- 
tripetal distribution of major gravity centres of the 
population, K=0.7-1.1; 

3 - compact with lengthwise distribution with re- 
gard to the mains of major gravity centres of the 
population, K=O .9- 1 .2; 

4 - linear with lengthwise distribution with re- 
gard to the mains of major gravity centres of the 
population, K=l.2-2.0. 

This connection between mobility of the popula- 
tion and town-planning structure is conditional. 
However, it is sufficient for the purposes of strategic 
planning. 

Besides, there are some strategic parameters 
characterising the potential level of city develop- 
ment and defining normative parameters of the UTS 
indices: 

K=O .6-0.9; 

- real income per capita 
1000-5000; 5001-10,000; over 10,000 (dollars a 

- index of economic provision of social guaran- 
tees - expenditure on social needs (% of the city 
budget) 

(carbon monoxide), mg/m3 

year); 

less than 20%; 20-40%; over 40%; 
-level of ecological safety - specific pollution 

less than 1; 1-3; over 3; 

up to 5 years; 5-10 years; more than 10 years. 
- determination of strategic planning period 

Geogracom has developed a methodology of 
automated calculation of UTS. For example, Table 1 
represents parameter values that are suggested, de- 
pending on the desired (strategic) level of income 
per capita, for a city with up to 500 thousand citizens 
(group 3 according to the conventional classifica- 
tion, Vaksman 1996) and a linear architectural plan- 
ning structure with cross-distribution with regard to 
the mains of major gravity centres of the population. 

Tablel. Influence of the level of real income on parameters of 
the UTS indices. 
Indices Real income (US$ per capita) 

1000-5000 5001- over 

1. Transport mobility of 150 200 250 
the population with so- 
cial and cultural pur- 
poses, tripsfperson a 
year 
2. Ratio of public and 75:25 5050 20:SO 
individual transport, YO 
3. Reliability of urban over 80 over 90 over 95 
transportation, % 
4. Level of development over 5 15-20 over 30 
of muscular transporta- 
tion, % 
5. Level of transport dis- less than less than 5 less than 3 
crimination of the 10 
population, % 
6. Level of comfort and less than 5 less than less than 

ance, persondsq. m 
7. Specific lost fund of less than less than less than 
free time a day, hours a 0.3 0.15 0.15 
day per person 

10,000 10,000 

convenience of convey- 4.5 3.5 

8. Share of transport 60 65 75 
pollution in the total 10 8 5 
pollution, including 
public urban transport 
9.Accident level through 
fault of transport: 
number of fatal injuries less than less than less than 

number of fatal injuries less than less than less than 
per lo4 vehicles. 10 10 6.5 

passenger transportation 

per 10’ passengers; 12 12 10 

10. Efficiency of urban 1.12 1.2 1.2 

The obtained values served as a basis for ger- 
spective UTS indices that should be corrected with 
regard to the following factors: 

- economic provision of social guarantees (level 
of expenditure on social needs in the city budget); 

- level of ecological safety. 
Final values of the indices depend on the goten- 

tial of general development of a city (low, mediLm, 
high) that is determined in the expert mode on the 
basis of two indices - industrial potential of a city 
and demographic structure of the population. 

Industrial potential of a city is determined by 
possible expansion of the economy (increase in out- 
put volumes of products and services) - advanta- 
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geous location, availability of materials, labour and 
capital resources, possible change of the city status. 

Demographic structure of the population, de- 
pending on the ratio (YO) of the age groups (up to 14 
years of age, 15-49 years, over 50 years), can be 
progressive (30-50-20), stationary (25-50-30), and 
regressive (20-50-30). 

Table-nomogragh 2 makes it possible to deter- 
mine approximately the indices with regard to po- 
tential urban development and planning period. 

Table 2. Correction factors of UTS, showing potential urban 
development and planning period. 
Indices Potential urban development 

Study of works on development and hnctioning 
of urban transport by home and foreign authors has 
led to systematisation and application of some al- 
ready formed tendencies and dependences that can 
be used as limitations during calculation of the UTS 
indices. As a result of multiple comparisons between 
simulated situations, we have succeeded in deter- 
mining a possible range of values for indices- 
orientations (see Table 3), and that confirms their 
trustworthiness. For example, the extreme situations 
for the second index are as follows: in 1997 the ratio 
of the public to private transport in Kazakhstan was 
78 to 22%, while Australia demonstrated the ratio of 
29 to 71%. 

High medium low 

Planning period, years * Table 3. Range of values for indicessrientations. 
Indices-orientations Range of values 

1 2  3 1 2  3 1 2 3  

1. Transport mo- + I  o 
bility of the popu- 
lation with social 

poses, tripsfperson 
a year 
2. Ratio of public -3 
andindividual : 

transport, % t 3  

and c u l h d  PW- 

3. Reliability of ur- +s 
ban transportation, 
% 
4. Level of devel- -I  
opment of muscu- 
lar transportation, 
YO 
5. Level of trans- -3 

port discrimination 
of the population, 
YO 
6. Level of comfort -2 
and convenience of 
conveyance, per- 
sonsfsq. m 
7. Specific lost -0 I 
fund of free time a 
day, hours a day 
per person 
8. Shareoftrans- +s 

+I0  +I2 -5 -5 0 -10 

-5 -6 0 -1  -5 +5 
. . .  . .  . .  . .  

+5 +6 + I  +5 -5 

+6 +I0 0 +I +3 -5 

-2 -3 +2 + I  0 +5 

-2 -1 0 + I  +3 +3 

-2.5 -2.5 0 -0.5 -0.5 +3 

-0.15 -0.15 0 -001 -0.03 10.1 

+6 +I0 0 -1  -3 +5 

-8 -5 

+6 +I 

-6 -1  

-6 -1  

+3 +1 

+4 +5 

+2 +2 

.5 .o 

“0 t o  
.I5 2 

+4 +3 

portpollution in 1-2 +I  o o -1  -3 +6 +5 +4 

the total pollution, 
including public 
urban transport 
9. Accident level 
through fault of 
transport: 
numberof fatal 
injuries per lo5 
passengers; +2 +3 +5 0 -1 -1 -1 -2 -3 

number of fatal +2 +3 +5 o - I  -1  - I  -2 -3 
injuries per lo4 ve- 
hicles. 
10.Efficiencyof 0 1  0 1 s  0 2  o 001 0 0 5  - 0 1  ~ - 
urban passenger 0 1  0 2  
transportation 5 

* Note: 1- up to 5 years; 2- from 5 to 10 years; 3- more than 
10 years. 

1. Transport mobility of the popula- 
tion with social and cultural pur- 
poses, tripsfperson a year 
2. Ratio of public and individual 80:20 I M2 I 20:80 
transport, Yo 
3. Reliability of urban transportation, 0 I M3 I 100 
% 
4. Level of development of muscular 0 I M4 I 45 
transportation, % 

100 I M1 I 350 

5. Level of transport discrimination 0 I M5 I 35 
of the population, % 
6. Levelofcomfortandconvenience 3 I M6 I 9 
of conveyance, persondsq. m 
7. Specific lost fund of free time a 0.1 I M7 I 1.5 
day, hours a day per person 
8. Share of transport pollution in the 10 5 M81 I 80 
total pollution, including public ur- 5 I M82 I 30 
ban transport 
9. Accident level through fault of 
transport: 
number of fatal injuries per lo5 pas- 3 5 M91 I 25 
sengers; 
number of fatal injuries per lo4 vehi- 2 I M92 I 20 
cles. 
10. Efficiency of urban passenger 1 I MI0 I 1.5 
transportation 

With the help of the methodology of calculation 
of the UTS parameters we received the indices- 
orientations for Nalchik. They can be used for the 
purposes of strategic planning and creation of a new 
financing mechanism for development of urban pas- 
senger transportation. Table 4 contains UTS for Nal- 
chik. The following strategic parameters were cho- 
sen: real income per one citizen is from 1000 to 
5000 dollars a year, level of social expenditure is 
from 20 to 40% of the budget, level of ecological 
safety is medium. These strategic norms will be 
valid for more than 10 years given medium potential 
of development according to the industrial potential 
and demographic structure of the population. 
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Table 4. Urban transport standard of Nalchik ( U T S ) .  
Indices-orientations Values 

1. Transport mobility of the popula- 
tion with social and cultural pur- 
poses, tripdperson a year 
2. Ratio of public and individual 70 : 30 

3. Reliability of urban transportation, over 85 
% 
4. Level of development of muscular over 10 
transportation, 'YO 
5. Level of transport discrimination less than 13 
of the population, % 
6. Level of comfort and convenience less than 4.5 
of conveyance, persondsq. m 
7. Specific lost fund of free time a less than 0.2 
day, hours a day per person 
8. Share of transport pollution in the 50 
total pollution, including public ur- 10 
ban transport 
9. Accident level through fault of 
transport: 
number of fatal injuries per lo5 pas- 1 I 
sengers; 
number of fatal injuries per lo4 vehi- 9 
cles. 
10. Efficiency of urban passenger 
transportation 

150 

transport, Yo 

1.17 

As a matter of fact, Table 4 can be called a "pro- 
file" of the transport system of Nalchik as it will be 
in 10 years In other words, it gives us an idea of the 
hture transport conditions in Nalchik. 

As soon as the strategy of sustainable develop- 
ment by means of transport is outlined, the expert 
system itself (on the basis of the database) generates 
proposals that will make achievement of the given 
ten UTS parameters possible. Thus, now we are 
speaking not so much about effectiveness of separate 
transport projects, but about efficiency of life in the 
city in general. Such a shift is due to the fact that 
every generated technical proposal (increase in traf- 
fic frequency on routes, enlargement of the transport 
pool, reconstruction of tracks, construction of a mo- 
tor-transport depot, set up of a ''green line") is trans- 
ferred directly into the indices important to each and 
every citizen-taxpayer. Reports about reduction of 
specific consumption of fuel or quantitative indices 
of transport functioning are of little interest to tax- 
payers, but UTS indices are of great importance to 
them. Every department in charge of urban transport 
development should report back to the citizens 
through the indices of UTS increase. 

Later expert system Geograd will combine het- 
erogeneous proposals into a satisfactorily substanti- 
ated investment ,programme and will add up some 
financial scenarios of its implementation with regard 
to its multiple peculiarities. 
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Etalonnage de la performance des reseaux locaux de mobilitk 
- Proposition pour une coopkration internationale 
Benchmarlung of the performance of local mobility networks 
- Proposal for international cooperation 
Marcamiento de las perf‘ormencias de las redes locales de movilidad 
- Propuesto para una cooperacion international 

Y. Mathieu - OGM Bruxelles, Belgique et Missions Publiques, Paris, France 

€?Vincent - Centre d’Etude sur les Re‘seaux, les Transports, 1’ Urbanisme et les Constructions Publiques, Lyon, 
France 

ABSTRACT: I n  the light of a recent European Coniiiiission initiative on benchmarking local passenger transport systeins. tllis contribution 
sets out a ciescription of aii esperimental method and considers the different lields of’ possible application in the future. 

RESUME: Cette contribution propose de s’appuyer sur m e  recente initiative de la Commission 
Europeenne sur l’etalonnage (benchmarking) des performances des systemes locaux de transport de 
passagers pour decrire une niethode experiinentale et envisager les differents champs d’application 
possibles dans 1’avenir.I 

RESUMEN: Esta contribution propose de apoyarse sobre una reciente iiiitiativa de la coinision europea 
sobre el benchmarking (niarcaniiento de las perfomancias) des pruebras des systenias locales de 
transporte de pasageros para describiun inetodo esperiniental y exaniinar 10s diferentes compos de 
posibles applicationes en el futuro. 

I. Le conteste 

a - Le contexte europeen 

Coniprenant environ 370 inillions d’habitants, 
1’Union Europeenne (U.E.) est actuellement 
composee de 15 Etats membres. 12 autres Etats 
souliaitent y adlierer. L’urbanisation y est importante 
puisque pres de 800 agglomerations reunissent 
chacune plus de 100 000 habitants. 

La diversite europeenne invite a renforcer les 
coiiiparaisons entre les systemes de transport qui y 
existent : 

- sur le plan institutionnel, l‘organisation des 
pouvoirs locaux en matiere de gestion de reseaux 
locaux et de transport de passagers prend des 
formes diverses : entre les niilliers de 
collectivites locales investies en France du 
pouvoir d’organisation des transports urbains et 
les vastes communautes de transport allemandes, 
on trouve de nonibreuses situations 
intermediaires. 

En cela, i l  n’y a pas de forme unique du pouvoir 
de decision. Chaque pays voire chaque region 

- 

est une particularite. De nitme, les modalites 
d’exploitation des reseaux sont tres differentes 
d’un pays a l’autre. On trouvera dans certains 
cas une tres forte regulation publique, tandis que 
dans d’autres, la capacite du marclie a se reguler 
sera proinue. 

- sur le plan legal, certains pays ont pris des 
dispositions incitant les autorites locales a viser 
Line reduction du transport par automobile (ex : 
loi sur I’air en France). 

- sur le plan econoinique, i l  existe des differences 
de niveau de vie eiitre les regions d’Europe. 
Cl ique pays a son propre systenie fiscal. Par 
ailleurs, le r61e joue par la tarification dans le 
debat usager/contribuable n‘est pas unifornie : 
dans certains pays, les transports publics sont 
tres subventionnes, tandis que dans d’autres ils 
ne le sont pas ou peu. 

- sur le plan de l’ainenagement du territoire et du 
code de la route, la place reservee aux transports 
publics et aux modes doux varie de situations ou 
aucune priorite n’est donnee a des situations a 
I’iniplantation des entreprises ou de centres 
commerciaux est conditionnee a l’utilisation des 
transports publics. 
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- sur le plan du management de la mobilite, 
certains territoires ont cr& des agences 
specifiques dotee de plans a long terme, d’autres 
ont signe des contrats de partenariat iinpliquant 
les forces de police ; il existe ailleurs des 
agences coiiseil en mobilite, cliargees de 
conseiller les citoyens et les entreprises 

- sur le plan social, les approclies sont diverses. A 
titre d’illustration, les structures et niveaux des 
tarifications sociales dans les transports publics 
sont trks differentes : ici, on aide beaucoup les 
fainilles noinbreuses tandis que la, on prefere 
favoriser la niobilitk des deinandeurs d’emploi. 

- enfin, sur le plan culturel, la place donnee aux 
differents modes de transport dans la cite varie 
considerablenient : en schematisant, on peut dire 
que les pays du nord se deplacent beaucoup a 
bicyclette, les pays du sud en automobile, et les 
pays du centre en transports publics. 

Une telle diversite est riche d’enseigneinents, car 
elle perinet d’identifier des bonnes pratiques, tant en 
ternies de management du progrits que de resultats 
o btenus. 

Dans le prolongeiiieiit du livre vert de la 
Coinmission Europeenne (( Un reseau pour les 
citoyens )), et afin de donner aux agglomerations 
europeennes la possibilite, par l’etalonnage des 
performances, de proniouvoir le developpenient des 
modes de transport (( doux )) (les transports collectifs 
ou partages, la bicyclette et la inarche a pied), la 
Commission Europeenne (DG Transport) a lance en 
juillet 1998 un exercice pilote d’etalonnage des 
performances des reseaux locaux de niobilite. 
Q u i nze agglomerations 
europeennes se sont portees volontaires. 
L’experience doit Gtre Ctendue a uiie soixantaines de 
territoires en 2000 (voir www.eltis.org/benclimark- 
ing). 

b - L’etalonnage des performances dans le secteur 
des services 

L ’ et a1 o nn age ((( Bencliniarking D) des 
performances est uiie inktliode de management du 
progres et de recherche d’amelioration de la qualite 
dkja bien connue dans le secteur industriel. 

I1 consiste, pour une entreprise ou une unite de 
production, a rechercher autour d‘elle les meilleures 
pratiques de production d’un produit et a en tirer les 
eiiseignenients pour definir et inettre en Oeuvre des 
actions d’amelioration de la qualite du produit. I1 
s’agit d’une demarche de management continue, ou 
l’entreprise est dans un processus permanent 
d’evaluation de la qualite de sa production, est a 
l’ecoute des ineilleurs pratiques realisees dans son 
secteur ou dans d’autres secteurs avec lesquels des 

enseignements de processus seront possibles, et 
cherche de la sorte a progresser continuellement 
dam ses produits. 

Dans le secteur des services, et en particulier dans 
celui des reseaux locaux de mobilite, la pratique de 
l’etalonnage des performances est encore peu 
repandue. Or il apparait que c’est la aussi uiie 
inetliode tres proinetteuse de management du 
progres et de la qualite. 

Au cours des dernieres annees, plusieurs 
initiatives d’etalonnage des performances ont ete 
prises par differents reseaux, notaminelit sous 
l’egide de l’UITP, association internationale des 
operateurs. Et, bieii stir, les groupes de transport qui 
exploitent plusieurs reseaux etalonnent en interne 
leurs performances, inais l’acces au methodes 
utilisees et aux resultats obtenus n’est pas public. 

De son cate, la Commission Europeenne (DG 
Transport) a decide de lancer en 2000 un reseau 
tlieinatique et un projet de recherche sur l’etalonnage 
des performances applique a l’ensemble des 
doniaines de sa politique de transport?, dam le 5””” 
programme cadre europeen de recherche et 
developpenient. 

2. La methode proprenient dite d’etalonnage des 
performances du systeme local de transport de 
passagers 

L’etalonnage des performances repose sur les 
points forts suivants : 

o Les reseaux locaux de mobilite : 

I1 ne s’agit pas seulenient de niettre en perspective 
les reseaux de transport public des differentes 
agglomerations etudiees, niais d’analyser l’ensemble 
des modes de deplaceinent, en insistant plus 
particulierenient sur les autres inodes de transport 
que la voiture individuelle : marclie a pied, deux 
roues, transports publics. I1 s’agit donc d’une 
demarche portant sur la mobilite locale globale dans 
uiie perspective de developpeinent durable. L’on 
vise B rendre les citoyens et les visiteurs nioins 
dependants de la voiture particuliere en propriete 
propre. 

o Le groupe des agglomerations volontaires : 

La demarche repose sur la mise en commun, par 
un groupe d’agglomerations volontaires, de leur 
experience. L’exercice pilote europeen a montre que 
la diversite des experiences etait un critere plus 
important que I’lioniogeneite des tailies de 
population ou la densite. Ce n’est pas 
necessairement dam des villes comparables en taille 
ou en densite que vont Ztre trouvees les (( bonnes 
pratiques )) utiles pour progresser, tant en terrne de 
resultats que de methodes. 
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o Le parti pris du citoyen et de l’usager : 

La comparaison des performances ne peut pas 2tre 
celle d’une liste de produits et de services offerts par 
l’autorite organisatrice des transports de voyageurs 
et l’operateur. I1 faut se placer resolument du point 
de vue du citoyen et de l’usager, et examiner les 
reponses aux besoins et attentes. 

Pour cela, 10 criteres de qualite de la performance 
ont ete identifies. 11s soiit coherents avec les 
reflexions en cours au sein du CEN’. 11s servent de 
support a l’analyse de differents indicateurs. En 
outre quatre (( domaines )) (environnement, partage 
modal, accessibilite et financement) font l’objet d’un 
examen particulier. 

o La mise en perspective dans le temps : 

Un des principes fondamentaux de l’etalonnage 
des performance, c’est que 1’011 va chercher dans le 
present et le passe des autres de quoi eclairer son 
propre futur. Autreinent dit, pour definir un plan 
d’action d’amelioration de la qualite du systeme 
local de transport de personnes dans uiie perspective 
environneiiientale et durable, il faut pouvoir 
caracteriser les evolutions passees et la fagon dont 
elles ont ete conduites. Et il faut aussi Etre capable 
de projeter dam l’avenir les indicateurs qui 
caracterisent la performance. 

Dam ces conditions, l’etalonnage des 
performances n’est pas une comparaison 
contemplative de resultats, de nioyens et de 
methodes actuels : il s’agit de leur mise eii relation 
dam les differentes agglomerations concernees par 
rapport a ce qui s’est passe au cours des 10 dernieres 
annees, et au cours des 10 prochaines annees (tant 
daiis un scenario (( f i l  de l’eau )) que dais  uii 
scenario (( volontariste D). 

o Uiie auto-evaluation partagke : 

Avant de se comparer, il est indispensable de bien 
se connaitre. L’etalonnage des performances 
comprend donc Line auto-evaluation, par chacune des 
agglomerations du groupe, de la performance son 
propre systeme de transport de personnes. 

Les deux principales caracteristiques de la 
methode d’auto-evaluation sont uii systeme 
d’indicateurs hierarcliise a deux niveaux (1 5 et 35 j, 
et la mise en place d’un groupe de travail local 
pluridisciplinaire et plurimodal. 

Sur ce dernier point, en effet, i l  apparait qu’on ne 
trouve nulle part de systeme institutionnel qui 
concentre en un seul organisme local toutes les 
competences necessaires a la collecte de donnees, 
l‘analyse, la prevision et la gestion de l’ensemble du 
systeme local de transport de passagers tous modes 
confondus. L’exercice pilote d’etalonnage des 
performances a d’ailleurs revele que cette niise en 

commun de competences locales ouvrait souvent un 
dialogue nouveau porteur par lui-in2me de progres. 

La mkthode commune d’auto-evaluation permet 
dans un second temps de proceder a de premieres 
comparaisons entre les agglomerations. 

o Un theme d’approfondissement commun. 

L’etalonnage des performances etant tourne vers 
I’action, les membres du groupe ont pour objectif 
ultime de definir et mettre en oeuvre localement un 
plan d’action d’amelioration de la performance de 
leur systeme local de transport de personnes. 

11s choisissent donc un theme d’amelioration 
commun et l’approfondissent ensemble. Ce travail 
collectif peut prendre differentes formes : auto- 
evaluation individuelle complementaire en 
profondeur sur ce theme et mise en commun ; 
recherche et analyse (litterature professionnelle, 
Internet, visites si possible.. .) de (( bonnes 
pratiques )) existant ailleurs ; travail commun de 
caracterisation d’une (( bonne pratique )). 

Un exemple de theme d’approfondissement 
conimun sera donne dans la presentation. I1 portera, 
ou bien sur (( l’information integree des usagers des 
transports publics )), ou bien sur (( le bus aussi 
performant que le tram )), (( les secrets des boiines 
decisions dans le domaine de la mobilite N, 
(( comment convaincre des automobilistes de 
changer leurs habitudes ? H et des exemples de 
(( bonnes pratiques )). 

Ensuite, chaque agglomeration peut definir son 
plan d’action sur ce theme, en se referant a des 
elements tangibles. Ulterieurement, le groupe peut 
se reunir a nouveau pour faire le bilan de la 
realisation des plans d’action et conduire uiie 
nouvelle demarche d’6talonnage des performances. 

Le principal benefice de cette demarche est uiie 
forte reduction du coi t  d’acces a uiie information 
pratique et utile. Au plus le nombre de participants 
s’accroit, au plus la base de donnee est riche. Le 
principe d’echange d’information sous-jacent au 
processus (et non de la vente de l‘information) 
permet de limiter le coi t  au travail realise et aux 
deplacements. De plus, le cadre methodologique 
permet d’assurer une grande accessibilite de 
l’information, un niveau semblable d’implication 
des differents partenaires, et la permanence de la 
demarche dans le temps associee a un 
renouvellement continu des themes abordes. Enfin, 
ceux-ci sont toujours relie A des preoccupations de 
terrain (sinon, ils ne soiit pas trait&). Le caractitre 
operationnel est donc assure. 

Ces points forts etant soulignes, la methode repose 
sur les etapes suivantes : 
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Constitution d’un groupe de territoires 
volontaires (adoption d’une charte) 
Description des caracteristiques institutionnelles 
(au sens large) locales. 
Auto-evaluation de la performance du systeme 
local de transport de persomies au regard d’un 
developpement durable avec mise en perspective 
dans le temps. 
Coniparaison entre territoires et analyse. 
Choix d’uii theme d’approfondissenient. 
Appro fondissement de l’auto-evaluation ; 
recherche et analyse de (( boniies pratiques )). 
Definition et niise en axvre d’un plan d’action 
local. 
Eventuellement, mise en commun des resultats 
obtenus et analyse, en vue de l’organisation d’un 
nouveau cycle d’etalonnage des performances. 

La transposabilite de la demarche et son 
deve loppenient 

3.1. Les differences, souvent iniportantes, entre 
les systemes institutionnels, les modes de 
financement et la culture des differents pays, qu’ils 
soient europeens ou repartis dam le nionde entier, ne 
sont pas un obstacle au developpement des 
demarches d‘etalonnage des performances. 

I1 est neannioins important que les specificites 
locales soient bien connues de tous, et c’est le 
premier travail coniinun a accoinplir : decrire les 
caracteristiques des systemes dam lesquels se 
developpe la niobilite des personnes, afin que 
chacun ait une bonne connaissance du cadre dans 
lequel se situent les autres membres du groupe. Bien 
siir, cet exercice n’est pas a faire dans le cas oh les 
partenaires proviennent tous de territoires du mEme 
Pays. 

Ensuite, il est important que la complexite de la 
collecte des donnees qui seront necessaires aux 
coniparaisons entre les territoires soit compatible 
avec les systemes d’inforniation et de prevision 
existant localenient. De ce fait, il faut prevoir 
plusieurs niveaux d’indicateurs. Les partenaires 
clioisissent de faqon concertee le niveau de 
complexite correspondant a leur situation. 
Concernant le champ d’application futur de 
l’etalonnage des performances dans le domaine de la 
niobilite, il est possible d’identifier 5 directions 
possibles : 

a - L’etalonnage dans un cadre contractuel 
fortement regleniente : les autorites organisatrices de 
transport sont parfois confrontees a des operateurs 
en situation de monopole (en particulier pour le 
transport ferroviaire urbain), et qui, pour des raisons 
diverses, ne peuvent pas Etre souinis a la 
concurrence (c’est a dire a un systeme d’appel 
d’offre ou de concurrence directe). Dans ce cas. 
l‘etalonnage est un instrument qui peut Etre conqu 
pour developper une recherche effective de la 

performance dans le contrat liant l’autorite 
organisatrice et l’exploitant. Celle-ci peut Etre 
trouvee en s’appuyant sur les performances d’autres 
compagnies ou industries comparables. 

b - Etalonnage des systemes : les systeines sont 
caracterises par les notions d’interconnexions et de 
compatibilite des services. C’est le cas de 
l’intermodalite dans les transports, 
L’etalonnage des performances peut 6tre utilise pour 
etudier et ameliorer les processus sous-jacents et les 
nioyens necessaires a la realisation de ces 
interconnections et compatibilites. 
L’etalonnage de la performance des systemes est 
aussi pertinent pour ameliorer les systemes 
construits autour d’un mode de transport (air), d’un 
espace de niobilite (deplacements urbains), d’une 
probleniatique de transport de marchandises 
(intermodalite), etc. 

c - L’etalonnage des performance inter-secteurs : 
L’etalonnage des performance entre differents 
secteurs permet aux autorites de piloter en continu la 
performance de secteurs specifiques et de niaitriser 
la faqon de reagir a des outils particuliers de leur 
propre politique. De in6ine’ les secteurs eux mEme 
(par leurs organisations representatives) peuvent 
avoir interet a Etre capables de rnontrer 
objectiveinent leur performance (par exeniple dans 
le doniaine environnemental) vis a vis d’autres 
secteurs. 

Quand un organisme regulateur est en charge d’un 
marche, l’etalonnage des performances est pertinent 
pour cet organisnie pour coinparer la performance 
d’operateurs en place. L’etalonnage de ces 
performances locales avec d’autres secteurs 
d’activite est stimulant pour une performance 
accrue. 

d - L’etalonnage du cadre regleinentaire : le 
ministere neerlandais des affaires economiques a 
montre que l’etalonnage des performances pouvait 
Etre utilise, dam I’industrie, pour ameliorer le cadre 
reglenientaire dans le but d’attirer les entreprises. 
Daiis le mEme ordre d’idee, une demarche 
d’etalonnage peut aussi Etre entreprise pour 
renforcer les dements cle du cadre reglementaire des 
transports dans la 
perspective d’un developpement favorable a 
l’environ-neinent. 

e - Etalonnage des performances des politiques : Les 
instruments perinettant de realiser les objectifs 
politiques peuvent 6tre etalonnes seloii leurs impacts 
et leurs coiits. La coniparaison avec d’autres 
pratiques peut conduire a detecter des instruments 
plus efficaces que ceux qui avaient ete utilises 
jusqu’a present. 

Conclusion : Perspectives pour l’etalonnage des 
performances dans les transports de personnes et les 
reseaux de niobilite 
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a - Du c6te des operateurs : 

Au niveau europieii, niais aussi mondial, se 
developpent deux types de pheiiomenes. D’une part, 
on assiste depuis plusieurs annees a une extension 
importante de la deregulation dans la gestion des 
services publics locaux de transport. De ce fait, les 
exigences d’efficacite dans la realisation des 
investisse-nieiits et l’exploitation des reseaux sont de 
plus en plus grades.  

Dans le mi?nie temps se constituent des groupes 
puissants qui opkreiit a l’international dam des 
coiitextes trks differeiits. I1 est uii fait que 
I’&donnage des performances entre leurs diverses 
coiiiposaiites (filiales, etablisseiiieiits) fait partie des 
metliodes utilisees pour reiiforcer leur 
positioiiiiemeiit sur le marclie. 

Lorsqu’ i l  est organise entre des coiiipagnies 
distinctes (Nova, Comet, au sein de l’UITP), la 
confidentialit6 qui entoure toujours les resultats 
iiiontre la haute valeur economique des informations 
o b t enue s. 

b - DU ccitk des autorites cliargees de dkfiiiir et 
d’organiser les politiques de deplaceinents : 

Le dkveloppenient de reseaux internationaux 
d’autoritks publiques cree un c h a t  positif pour la 
multiplication des demarches d’etalonnage des 
perforiiiances dam les differentes acceptations 
possiblcs telles clue decritcs auparavant. 

AU iiiveau local, de plus en plus d‘autorites 
publiques ressenteiit le besoin, face a des operateurs 
qui developpent eux m&ne leurs propres systemes 
d’etalonnagc, de iiiettre en place un sys t em 
d’inforination specifique. 

Pour les procliaines annees, la teiidaiice pourrait 
prendre d e w  formes differentes : 

- Ou bieii les autorite publiques developpent leur 
propres demarches et reseaux d’etalonnage 
iiidePeiidaiiiiiieiit des operateurs. Cela signifie en 
particulier qu’elles niettront en place leurs 
propres bases de doiinees et systemes 
d’information. Ceux-ci leur seroiit utiles a la fois 
pour la definition des politiques de deplaceiiient 
au niveau local, et pour l’amelioration dans la 
gestion des reseaux de transport (definition des 
reseaux, caracterisation des performances a 
atteindre, procedures d’evaluation). 

- Ou bien les autorites publiques et les operateurs 
s’associent dam le processus, dans le but de 
creer une dynainique locale pour ameliorer les 
performances. Cela leur perniettra de inettre en 
place des actions coniplementaires la oil l’action 
de l’un ou de l’autre des partenaires agissant seul 
ne permettrait pas d’atteindre les resultats vises. 
Dans ce cas, l’etalonnage des performances 
devieiit un outil de veritable partenariat. 

I1 est possible que les deux voies co-existent. 
selon l’intensite de la volonte de cooperer qui sera 
observee au iiiveau des acteurs de terrain. 
Differeiites initiatives, coinnie la iiiise en place d‘un 
reseau thematique sur le sujet par la Commission 
Europeenne‘ voiit dans le sens d’uii developpemeiit 
de la cooperation. 

I Athens, Bremen, Dresden, Edinburg, Genoa, Graz, Ile de 
France. Lisboa, Merseyside, Nantes, Oulu, Praha, Sti-atlicl> de. 
Stuttgart, Terni 

reseau tliematique BEST Benchmai-king European 
Sustainable Transport, initie par la DG transport et cotivraiit 
tous les domaines de sa politique de transport (fret, passagers. 
totis modes) sur les 15 pays de I’Union et les 12 ayant demand6 
leur accession a I‘Union 

’ CEN = Comite Europeen de Not-malisation, au sein dtiqttcl 
uiie norme europeenne portant stir  la qtialite des services de 
transport de personnes est en phase f ina le  d’adoption ( p i - 6 ~ ~ 1  tin 
2000 ou debut 2001). Cette norme s’inspire des rksultats des 
travatix de Quattro, projet de recherche europken 11rCsentC dans 
Codatu VIll par Yves Matliieu (The value of public transport : 
mass production and quality) voir 
les rapports de synthese en 5 Ian 
pour le rapport final en ligne. 

.’ rcseau thematique BEST, op.cit 
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Towards comprehensive transportation and air quality strategy 
in Mexico City 
Vers la rkussite d’une stratkgie int6grale du transport et la qualit6 de l’air de la Capitale 
Mexicaine 
Hacia una estrategia integral de transporte y calidad del aire en la Ciudad de Mkxico 

M. Reyes Jukrez del b g e l &  I. Reyes Juiirez del Angel 
Felipe Ochoa e Asoc., Mexico D. I?, Mexico 

SUMMARY 

The Metropolitan Zone of Mexico City (ZMVM) is one of the largest settlements in the world and has a se- 
vere air pollution problem. The urban transportation needs keep growing proportionally as population grows 
and the city expands. The ultimate solution to meet these needs requires a comprehensive vision, based on the 
integration of urban policy, which gradually, will shape a new structure of efficient, safe and environmentally 
clean transport. 

Among the complexity of the ZMVM air pollution problem, out stand several aspects related to the transport 
system. For the first time in Mexico, this research focused on developing an integral strategy for transport and 
air quality. 

The proposed methodology combines traditional aspects of transport project evaluation (cost-profit), with 
new indicators in order to arrive to a hierarchically arranged list of projects. 

A linear program model was used to allow selection of those projects or actions that, at the same time, report 
the best profits to the transport system, and are the ones that better contribute to reduce the air pollution in 
Mexico City. 

The model results constitute a typical application of operation researching techniques in investment pro- 
gramming. 

La Zone metropolitain de la vallee du Mexique est une des zone urbaine la plus peuplee du monde et elle a 
une severe probleme de pollution atmospherique. 

Les necessites du transport de la capitale constinue en augmente, en m6me temps que la polulation, ainsi que 
la ville s’etende. 

La satisfaction appropiee des necessites requierent d’une vision integrade basee sur la politique urbaine, qui 
d’une faqon graduelle donnent la forme a une nouvelle structure du transport, efficace, sQre et d’une ambiance 
propre. 

Entre le complexe du probleme de la pollution ambientale de la zone metropolitaine de la capitale mexicaine, 
depassent des aspects divers relatives aux sistemes du transport. 

Cette recherche propose un premier essai pur developper une strategie qui integre les objectifs du transport et 
de la qualite de lair. 
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La metodologie proposee combine des aspects traditionneles en se qui conceme les projects du transport 
(coWbenefice) avec des nouveraux indicateurs des projects pour leur hierarchization. 

On Utilise une modele de programmation lineal qi permettera selectionner les projects ou action, qui en m6me 
temps qu’apportent les mayeurs benefices au sisteme du transport vout reduire en plus la pollution de l’air de 
la capitale ces resultats du modele constituent d’application tipique du tecnique de recherche en operations des 
programmes d’inversion. 

RESUMEN: 

La Zona Metropolitana del Valle de Mexico (ZMVM) es una de las ireas urbanas mas pobladas del mundo y 
tiene un severo problema de contaminacion atmosferica. Las necesidades de transporte de la Ciudad continuan 
en aumento, en la medida que la poblacion crece y la ciudad se expande. La satisfaccion adecuada de estas ne- 
cesidades requiere una vision integral, basada en una integracion de politicas urbanas que, gradualmente, den 
forma a una nueva estructura de transporte eficiente, seguro y ambientalmente limpio. 

Entre la complejidad del problema de contaminacion del aire de la ZMVM, sobresalen diversos aspectos relati- 
vos a1 sistema de transporte. En esta investigacion se plantea un primer intento en Mexico por desarrollar una 
estrategia que integre 10s objetivos del transporte y la calidad del aire. 

La metodologia propuesta, combina aspectos tradicionales de la evaluacion de proyectos de transporte (costo- 
beneficio), con nuevos indicadores de 10s proyectos para la jerarquizacion de 10s mismos. 

Se utiliza un modelo de programacion lineal que permite seleccionar aquellos proyectos o acciones, que a1 
mismo tiempo que reportan 10s mayores beneficios a1 sistema de transporte, son 10s que mas contribuyen a re- 
ducir la contaminacion al aire en la Ciudad de Mexico. 

Los resultados del modelo constituyen una aplicacion tipica de tecnicas de investigacion de operaciones en la 
programacion de inversiones. 

1 .  PLANTEAMIENTO 

La Zona Metropolitana del Valle de Mexico 
(ZMVM) es una de las ireas urbanas mas pobladas 
del mundo y tiene un severo problema de contami- 
nation atmosferica. La poblacion de la ZMVM ha 
crecido de medio millon de habitantes a principios 
de siglo, a mas de 17 millones en 1995, y se pro- 
yecta que alcanzara casi 18 millones de habitantes 
en el afio 2000 y 21 para el 2010. Actualmente, en la 
ZMVM se asienta el 18% de la poblacion del pais, 
se genera el 31% del product0 interno bruto y se 
consume el 17% de la generacion nacional de ener- 
gia. 

En esta investigacibn se plantea un primer intento en 
Mexico por desarrollar una estrategia que integre 10s 
objetivos del transporte y la calidad del aire. 

Se identifican diversos proyectos que, atendiendo la 
problematica del sector transporte, contribuyen a1 
mismo tiempo a reducir 10s niveles de contamina- 
cion. La metodologia propuesta ubicada en el marco 

de la investigacion de operaciones en la programa- 
cion de inversiones, combina aspectos tradicionales 
de la evaluacion de proyectos de transporte (costo- 
beneficio), con nuevos indicadores de 10s proyectos 
para la priorizacion de 10s mismos. 

Se utiliza un modelo de programacion lineal que 
permite seleccionar aquellos proyectos o acciones, 
que a1 mismo tiempo que reportan 10s mayores bene- 
ficios a1 sistema de transporte, son 10s que mas con- 
tribuyen a reducir la contaminacion a1 aire en la 
Ciudad de Mexico. 

2. DIFICULTADES DE MONETARIZACION DE 
EFECTOS SECUNDARIOS 

Si bien es cierto que desde un punto de vista ortodo- 
xo la evaluacion economica llevaria a la monetariza- 
cion de 10s conceptos para agregarlos en un solo in- 
dicador tal como el VPN de las corrientes de 
beneficios netos marginales descontados a una tasa 
anual predeterminada, existen rubros de beneficios 
como la reduccion de accidentes y la reduccion de 
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emisiones contaminantes para 10s que la informacion 
tecnica y economica existente no permite cuantificar 
apropiadamente sus efectos secundarios o externali- 
dades para modelarlos a nivel individual de cada 
proyecto. Y con ello, no se tiene suficiente informa- 
cion para reflejar via precios sombra el costo o bene- 
ficio imputable a cada medida de transporte en estos 
rubros. ( 3 ) ,  (4) 

La monetarizacion de efectos secundarios por reduc- 
cion de emisiones contaminantes se intento por pri- 
mera vez en Santiago de Chile (5 ) ;  sin embargo, el 
modelo utilizado en aquel pais depende fbertemente 
de 10s beneficios a la salud por reduccion en las emi- 
siones y deja de lado 10s beneficios a1 transporte de 
cada proyecto de mejoramiento identificado. En 
Mexico existen investigaciones en curso en el Insti- 
tuto Mexican0 del Petroleo (IMP) para el desarrollo 
de modelos de calidad del aire asociados a las ca- 
racteristicas del Valle de Mexico para efectos de 
cuantificacion de inventarios de emisiones de ken-  
tes fijas y moviles. 

Sin embargo, aun cuando se dispusiera de un mo- 
delo de emision de contaminantes en un nivel de 
grandes zonas (para fuentes fijas y moviles), no se 
cuenta con un modelo de dispersion de contaminan- 
tes y de calidad del aire que permita su estimacion 
para 10s principales tipos de contaminantes (en par- 
ticular para las particulas solidas en suspension) (6); 
por otra parte, aun estan en proceso investigaciones 
en Mexico que vinculan 10s indicadores de la calidad 
del aire y su repercusion economica en terminos de 
10s beneficios a la saiud, expresados en dafios a lar- 
go plazo por muertes prematuras o costo de 10s tra- 
tamientos medicos. (7) 

Aun desde el punto de vista del transporte en la 
ZMVM, son limitados 10s esfberzos de aplicacion de 
modelos de transporte que permitan simular 10s 
efectos de la operacion de 10s diferentes modos de 
transporte y su repercusion en variables agregadas 
como costos totales de operacion vehicular, vehicu- 
10s-km totales, velocidad promedio y reduccion de 
contaminantes. Por ello, en esta investigacion las 
evaluaciones realizadas para cada medida o 
proyecto, proponen la estimacion de 10s beneficios 
economicos individuales segun el nivel de cada uno 
de estos, y agregandolos posteriormente en una me- 
dida global. 

La evaluacion economica de cada medida, en lo 
particular, h e  realizada en terminos unitarios. La 
unidad de intensidad de cada medida podia ser un 
modulo o paquete, de manera que el resultado de la 
evaluacion pudiese combinarse mas adelante con 10s 
resultados de otras medidas. Asi, por ejemplo, para 

el caso de la evaluacion de la medida de extension 
de lineas del metro, se realizo la evaluacion de un 
hipotetico modulo de diez km de linea que produci- 
ria un Valor Presente Net0 (VPN) de $X millones de 
pesos/lO Km linea y se asume que si esta medida se 
llevase a una intensidad de 20 Km, el VPN 
correspondiente seria directamente proporcionai 
($(20/10). X millones de pesos) respecto a1 resultado 
anterior. De igual manera se expresaron en terminos 
unitarios 10s resultados de la reduccion de emisiones 
contaminantes, por ejemplo, tonlaiio de hidrocarbu- 
ros (HC)/IO km linea de metro. 

El otro aspect0 a resolver es la manera de combinar 
las diferentes medidas de cada sector e integrarlas en 
una estrategia o en una serie de tacticas. Las medi- 
das seleccionadas ofiecen beneficios netos al trans- 
porte o reducciones a las emisiones contaminantes, o 
ambas cosas. Conforme a un esquema de aditividad 
de 10s beneficios, la hipotesis implicita es que la in- 
tensidad de cada medida deberia ser tanta como h e -  
se posible segun las restricciones tecnicas, presu- 
puestales, de reduccion de emisiones contaminantes 
a la atmosfera y de demanda. Para tomar en cuenta 
tales restricciones se propone el us0 de un modelo 
de programacion lineal, como se indica mas adelan- 
te. 

3. EVALUACIONES DE MEDIDAS DE 
TRANSPORTE 

Para la integracion de la estrategia general, se toman 
como punto de partida las medidas de accion pro- 
puestas en cada una de las investigaciones especifi- 
cas; del conjunto de propuestas se seleccionaron las 
3 1 medidas que se resumen en la tabla 1, en la que el 
umbra1 maximo corresponde a1 nivel maximo de 
aplicacion de cada medida. 

Para definir 10s programas de accion por escenario 
se siguio un proceso de evaluacion que representa 

un avance importante con respecto a la evaluacion 
tradicional de proyectos de transporte, en tanto que 
la seleccion de las acciones y su nivel de aplicacion 
en cada horizonte se hizo con base en dos criterios 
basicos: 

El Valor Presente Net0 (VPN) de cada medi- 
da, como un indicador de sus beneficios po- 
tenciales para 10s usuarios y para 10s presta- 
dores de servicio; el VPN se calcula 
comparando 10s costos de inversion, con 10s 
beneficios a1 sistema de transporte integrados 
por 10s ahorros en tiempos de viaje de 10s 
usuarios, la reduccion de 10s costos de opera- 

(') S e  seleccionaron tres escenarios U horizontes de planea- 
cion, correspondientes a 10s aiios 2000, 2010 y 2020. 
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cion de 10s vehiculos, y en algunos casos 10s 
ahorros originados por la reduccion de acci- 
dentes (2). (8) 

Los costos de inversion se obtienen de la 
aplicacion de indices de costo resultantes 
del analisis de las estadisticas disponibles 
en las dependencias correspondientes del 
Distrito Federal y el Estado de Mexico. 
Los ahorros en 10s tiempos de viaje de 
10s usuarios se valuan conforme a 10s li- 
neamientos del Banco Mundial; de la 
misma forma, 10s ahorros en 10s costos 
de operacion de 10s vehiculos se obtienen 
aplicando el modelo VOC - tambien del 
Banco Mundial -. (9) 
En todos 10s casos, se evaluan las situa- 
ciones con y sin proyecto para cada me- 
dida. 

0 La reduccion de emisiones contaminantes 
asociada a cada medida en particular; esta re- 
duccion se calcula aplicando factores de emi- 
sion por tip0 de vehiculo, y comparando la 
situacion con y sin proyecto para cada medi- 
da. Los factores de emision se obtienen a par- 
tir de la siguiente informacion: 
o Resultados de pruebas de laboratorio del 

Instituto Mexican0 del Petroleo. 
o Resultados de estudios de deteccion re- 

mota de contaminantes efectuadas en la 
ciudad de Mexico, y 

0 Factores de emision generados con la 
aplicacion del modelo Mobile5-MCMA 
(10). 

4. FORMULACION DEL MODEL0 

Un modelo de programacion lineal se utiliza con el 
proposito de determinar el nivel de aplicacion opti- 
mo de cada medida en cada uno de 10s horizontes de 
planeacion seleccionados. La hncion objetivo del 
modelo busca maximizar 10s beneficios a1 sistema 
de transporte, es decir, maximizar el VPN asociado a 
una combinacion especifica de medidas. 

En el modelo, la hncion objetivo esta sujeta a un 
conjunto de restricciones que permiten asegurar 
condiciones optimas - desde el punto de vista del 
modelo lineal propuesto -, en la seleccion de 10s 
niveles de aplicacion de las medidas, y a1 mismo 
tiempo cumplir con 10s objetivos de calidad del aire; 
las restricciones consideradas son las siguientes: 

0 Tecnicas (se refiere a1 nivel factible de aplica- 
cion de la medida). 

(2) El efecto en la reduccion de accidentes se calculo sola- 
mente para aquellas medidas que implicaban una reduc- 
cion en 10s vehiculos-kilometro recorridos por ias unida- 
des de transporte de superficie. 

0 Metas de reduccion de emisiones contami- 
nantes 

0 Recursos financieros 
0 Satisfaccion de la demanda de viajes 

Las expresiones que conforman el modelo de opti- 
mizacion son las siguientes: 

31 

i=l 
Maximizar Z = 1 VPN .x  i,t 

Funcion Objetivo (Maximizar el VPN) 
hjeto a las siguientes restricciones: 

Exoresion I ConceDto I 
31 Metas de reduccion de contani- 

i=l 

Monto de inversion 

i=l 
Gastos de operacion 

i=l 

en donde: 

Z, : Funcion objetivo en el corte de tiempo t. 
VPN i :Valor presente net0 por unidad de accibn de 

la medida i 
x i , t  : Valor que tomara la medida i en el “corte” de 

tiempo t, que representa el nivel de aplica- 
cion optimo correspondiente 

rc j, i : Reduccion anual del contaminante j por cada 
unidad de la medida i 

RC j ,t:  Metas de reduccion anual del contaminante j 
en el corte de tiempo t; j representa alguno 
de 10s siguientes contaminantes: HC, CO, 

I k i  : Monto de inversion por cada unidad de la 
medida i por parte del sector k 

IT k, : Maximo monto acumulado de inversion que 
se esperaria del sector k en el corte de tiempo 
t 

G k, i : Monto del gasto de operacion por cada uni- 
dad de la medida i por parte del sector k 

GT k,t : Maximo gasto de operacion que se espera- 
ria del sector k en el corte de tiempo t. 

NOx, S02, PST. 

A su vez, 

k E {‘sector publico’, ‘sector privado’} 

(3) Para el horizonte 1998-2000 se us6 el signo de mayor o 
igual en esta restriccion. 



Di : Demanda de transporte satisfecha por cada 
unidad de la medida i 

DTt : Demanda total de transporte publico en el 
corte de tiempo t. 

ciones de acceso 
al area central 
lncrernentar 10s 
cargos de esta- 
cionamiento 
lmpulsar el trans- 
porte especializa- 
do escolar y de 
personal 

Mejoramiento de 
intersecciones 
metropolitanas 
Reforzar el man- 
tenimiento de co- 

De esta forma, se asegura que la prioridad de aplica- 
cion de cada una de las 3 1 medidas seleccionadas - y 
sus niveles de aplicacion para cada horizonte-, arroja 
la combinacion de acciones con las que se obtienen 
10s mayores beneficios a1 sistema de transporte, a1 
mismo tiempo que se cumplen con las metas de re- 
duccion de contaminantes en el horizonte de planea- 
cion correspondiente. 

Autos/hr 35,000 - 35,000 

viajesldia 525,000 525,000 - 

lnfraestructura Vial 
Intersec- 500 300 200 
ciones 

Km 241 241 

Dado que la combinacion de medidas para cada ho- 
rizonte se obtiene con la aplicacion de un modelo de 
programacion matematica, dicha combinacion es 
optima (4), es decir, no existe otra combinacion posi- 
ble de niveles de aplicacion de las medidas que ge- 
neren un "mejor" valor de la funcion objetivo (10s 
beneficios a1 sistema de transporte), para las 
restricciones impuestas. 

En este modelo, se us6 como hncion objetivo el 
VPN de cada medida; per0 tambien es posible defi- 
nirla como la aportacion de cada medida en la re- 
duccion de contaminantes. 

Se incluye como restriccion la cantidad de recursos 
disponibles para financiar la aplicacion (inversion) y 
10s gastos de operacion de las medidas; en este caso, 
se partio del analisis del comportamiento historic0 
de 10s montos de inversion y de gasto corriente tanto 
del sector publico como del privado, para determinar 
en cada horizonte niveles que heran consistentes 
con ese comportamiento; de esta forma, se asegura 
la factibilidad de irnplantacion de las medidas selec- 
cionadas. 

Finalmente, se incluye una restriccion de demanda, 
que permite asegurar que, a nivel agregado, la capa- 
cidad asociada a 10s modos de transporte disponi- 
bles, sea igual a la demanda total estimada en cada 
horizonte de planeacion; esta restriccion solamente 
se considera para el transporte de pasajeros. De esta 
forma, se asegura que en todos 10s casos se satisface 
la demanda, per0 tambien que no habra un exceso de 
oferta que pueda afectar el desempefio de 10s siste- 
mas de transporte. 

(4) Una solucion optima e s  la mejor solucion posible dado u n  
conjunto de valores de 10s parametros de la funcion obje- 
tivo y de las restricciones; cualquier otra solucion o com- 
binacion factible de variables genera u n  valor suboptimo 
d e  la funcion objetivo del modelo utilizado. 

Figura 1 Valor presente net0 acumulado y reduccion 
acumulada de contaminantes por grupo de medidas 
(%) (suponiendo que cada medida se lleva a su nivel 

maximo de aplicacion) 

Tabla 1 
Resumen de medidas, sus umbrales maximos a1 

afio 2020 y Resultados del Modelo 

I I Umbra1 I 1998- I 2001- I 2011- 1 
COMPONENTE \ UNIDAD 1 Maximo 1 2000 2010 I 2020 

Adrninistracion de la Demanda 
I lmplantar restric- I Autoslhr I 35,000 I - I 18,353 I 16,647 

trolebuses 
Ampliar la red del 

Construir lineas 
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I cataiiticos en I I 
vehiculos priva- 
dos 
Reemplazo de 
autos viejos 
Reemplazo de 

r 
Autos 260,429 198,780 61,649 

Camio- 269,376 41,727 22764 

INDICADORES: 
HORIZONTE 

1998- I 2001- I 2011- 

taminantes en ta- 
xis libres y de sitio 

Homologar 10s Vehiculos 39,122 
D vehiculos federa- 

les de carga a las 
normas locales 
Fomentar la Vehiculos 7,500 2,500 5,000 x 1 creacion de so- 

Transporte de Carga 

3 

3 

- 

2 

camioies viejos nes 9 
Normas de baja Taxis 91,652 21,150 70,502 
emision de con- 

Inversi6n (Millones $1: 
a Publica 
a Privada 

a Valor Presente Neto 
(Millones $, al 12% anual) 
o Relacion Beneficio- 
Cost0 

Reducci6n de emisiones 

Beneficios a1 transporte: 

2000 2010 2020 
27,025 120,028 86,150 

9,008 34,322 45,505 
18,017 85,706 40,645 

50,672 145,599 18,211 

2.2 1.5 0.7 

607,337 1,844,108 41,677 

ciedades mercan- 
tiles de transporte 
de carga 
Fomentar la ins- 
talacion de cen- 
tros de transfe- 

transporte de lar- 
go arrastre 

Vehiculos 22,000 - 8,848 13,152 

I I I I  

contaminantes (Ton/aiio): 
0 Hidrocarburos (HC) 

Continuar el pro- 
grams de licita- 
cion de las rutas 
de autobuses en 
el D.F. 
lmpulsar el pro- 
grama para la 
sustitucion de mi- 
nibuses por auto- 
buses 
Adecuar y am- 
pliar la red de ca- 
rriles exclusives 
para autobuses 
lmplantar el pro- 
grams de rutas 
expres metropo- 
litanas 
lncorporar auto- 
buses articulados 
en corredores de 
demanda inter- 
media 
lmplantar rutas 
de transporte pu- 
blico de servicio 
ejecutivo 
Establecer bases 
para el servicio de 
taxi libre 

44,138 101,494 I 4,933 

5 .  RESULTADOS OBTENIDOS 

3 

Con la aplicacion del modelo referido se prepararon 
10s programas de inversion para cada uno de 10s ho- 
rizontes seleccionados (Tabla 1). Los beneficios a1 
sistema de transporte y la reduccion de emisiones 
que se obtendria con la aplicacion de la estrategia, 
asi como 10s montos de la inversion requeridos son 
10s que se indican en la tabla 2. 

rencia de carga 
Fomentar la ins- Vehiculos 7,950 4,000 3,950 
talacion de cen- 
tros de servicio 

Con la aplicacion de las medidas incluidas en 10s 
programas de inversion, se logra para el 2010 una 
reduccion de las emisiones contaminantes del 40% 

(CO) 
0 Oxidos de Nitrogen0 

Tabla 2 Inversion, beneficios a1 transporte y reduc- 
cion de emisiones contaminantes por horizonte 

16,339 64,980 19.353 
4 

local de carga I 
lmpulsar el us0 Trailers 1,500 700 800 
del ferrocarril en \ ,  

0 Oxidos de Azufre (Sox) 
0 Particulas (PST) 

0 Monoxido de Carbon0 I 544.851 I 1,670,202 1 16.019 I 

3 12 427 220 
1,697 7,006 1,153 

(Nos) I I I I 

con respecto a1 total de emisiones del sector en 
1998, como se indica en la Figura 2. 

6. CONCLUSIOmS 

En esta investigacion se plantea una forma de com- 
binar medidas de transporte de manera integral, bus- 
cando racionalidad economica en la programacion 
de inversiones bajo criterios de decision definidos. 

El modelo aplicado, de tipo lineal, proporcionaria 
resultados utiles para la planeacion a corto y media- 
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no plazo. Dada la naturaleza propia de las diferentes 
medidas y sus variantes y cambios tecnologicos, es 
muy importante tomar con reserva 10s resultados del 
largo plazo. 

No puede soslayarse tampoco el hecho de que las 
medidas se agregan en forma lineal, sin incorporar 
explicitamente efectos sinergicos inherentes entre 
ellas. Esto debiera realizarse en etapas hturas. Para 
ello, el proceso de identificacion y evaluacion de ca- 
da medida se vuelve muy importante, debiendose re- 
flexionar en forma externa al modelo, sobre la forma 
de interpretar adecuadamente 10s resultados. 

Aun asi, 10s resultados parecen utiles para definir li- 
neas generales de accion en un  context0 de recursos 
escasos, e interpretacion del costo de oportunidad de 
las distintas restricciones (tecnicas, economicas, fi- 
nancieras, ambientales). 
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Transportation Gap modeling - A tool for determining stability 
Le modelage pour 'Transportation Gap' - Un outil pour dkterrniner de stabilitk 
La modelacion por 'Transportation Gap' - Una herrarnienta para deterrninar sostenbilidad 

C. Montalbo Jr. & H. Ishda 
Institute of Policy and Planning, University of Tsukuba, Japan 

ABSTRACT: This paper has two objectives. The first is to propose a quick-response analytical tool to evalu- 
ate the effects of transportation policies on urban transport operations in an Asian city. The second is to per- 
form TG modeling using financial and operational data for Metro Manila. Using the parameters demand 
density and city size, performance domains of the different modes and the resulting TGs are modeled. Policy 
variables (loan interest rate and government subsidies) are incorporated in the TG models. The effects of 
changing the values of these policy variables on the performance domains and on the resulting TGs were 
simulated and analysed. 

RESUME: Cette recherche a deux objectifs. Le premier objectif devrait proposer un outil analytique rapide 
pour Cvaluer d'effets de rkgles d'action de transport sur le transport urbain pour Manila de MCtro. Le deuxikme 
objectif devrait exkcuter "le modelage de TG" l'utilisation donnCes f i n a n d r e  et opCrationnelle pour Manila 
de Metro. Les domaines d'ex6cution de modes de transport et "TGs'' rksultant sont modelCs. Ceci est fait la 
taille de densit6 de demande et ville qui utilise. Les variables de rkgle d'action sont utilistes dans les modkle: 
de TG. Ces variables sont des subventions de taux d'intCr2t de pr2ts et gouvernements. Les effets de rkgles 
d'action sont simulCs et sont analysCs. 

RESUMEN: Esta tesis tiene dos objectivos. El primero es proponer una herramienta analitica de respuesta 
rapida para evaluar 10s efectos de las politicas de transporte en las operaciones de transporte urbano en la ciu- 
dad asiatica de Metro Manila. El segundo es el de hacer modelaci6n "TG7 usando datos financieros y opera- 
cionales para Metro Manila. Utilizando 10s parametros de densidad de demanda de viaje y tamaiio de la ciu- 
dad, 10s dominios de desempefio de 10s diferentes medios de transporte y 10s resultantes "TGs" son 
modelados. Variables de acci6n (tasa de inter6s de prkstamos y subsidios del gobierno) son incorporadas en 
10s modelos "TG'. Los efectos de cambiar 10s valores de estas variables de acci6n en 10s dominios de de- 
sempeiio y en 10s resultantes "TGs" fueron simulados y analizados. 

1 INTRODUCTION 

Prior to the regional financial crisis, Asia has been 
the center of rapid and dramatic economic growth in 
the world. Socio-political and economic activities 
and functions have grown accompanied by changes 
in the urban landscape of the countries' capitals. 
But the economic recession in the region has led to 
fewer resources available to the provision of trans- 
portation. With scarce resources and with economic 
uncertainty still lingering in Asia, questions remain 
concerning the future of transportation in the region. 
It is therefore important that operations of transport 
modes be sustainable, that is efficient and effective. 
To be able to achieve this, it is necessary to evaluate 
the effects of transport policies on the viability and 
sustainability of transportation. This paper proposes 

a quick response tool called Transportation Gap 
(TG) modeling that can perform this evaluation. 

2. ANALYTICAL FRAMEWORK 

The characteristics of a city influence the kind of 
mode that is appropriate to it. A transport mode is 
appropriate for a certain level of travel demand den- 
sity and city size. Urban rail, for instance, is best for 
big cities with corridors of high travel demand. 
Buses suit medium size cities with relatively lower 
travel demand. Smaller scale and less expensive 
transport systems are suitable for smaller areas with 
smaller demand densities. It is therefore logical to 
identify the optimum domain of modes using travel 
demand density and city size as parameters. 
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Considering a cartesian coordinate system where 
the vertical axis is demand density (such as in per- 
sons per hour-km) and the horizontal axis is route 
length or distance, the performance domain of a 
transportation mode is defined as follows: 
* Upper bound: physical capacity of the mode in 

terms of demand density (Line A) 
* Lower bound: financial capacity of demand 

(Line B) 
* Right bound: maximum distance of the mode 

(Line C) 
The performance domain of a mode can be viewed 

as the optimum domain of application of that mode. 
It represents the set of conditions, i.e., demand den- 
sity and city size, where the mode operates within its 
physical capacity and financial viability. It is de- 
pendent on the mode's physical and financial char- 
acteristics. Because modes differ in characteristics, 
they are expected to have different domains. The so- 
called transportation gap (TG) is the area(s) in the 
cartesian plane that is not covered by any of the do- 
mains of the existing transportation modes. Figure 1 
illustrates this. 

The domains and the resulting TGs are functions 
of policy variables. It is therefore possible to check 
the effects of changing the values of the variables on 
thc domains and TGs. Policy simulation will be 
done and the effects of different policy variables on 
the TG will be analyzed. 

2.1 Study Flow 

Figure 2 shows the flow of TG modeling used in this 
study. It consists of four modules: the physical ca- 
pacity module, thc financial capacity module, the 
domains and TGs module, and the policy simulation 
module. Recent actual data are used in the physical 
capacity and financial capacity modules. With the 
output from these two modules, performance do- 
mains of the modes are established and resulting 
TGs are dctermincd. Policy simulation is per- 
formed using different variables. New domains and 
TGs are established. 

Trip Demand Density 

A 

B 

r 

Figure 1. Domain of a Mode. 
Size of Citv 

-1- 

Model: Model: 

"(upper) = P( r ) a(1ower) = 1: (r) 

Modes 

Figire 2. Flow of TG Modeling. 

3. TG MODELING 

3.1 Assumptions 

The study assumes a simple urban form. It is as- 
sumed that trip demand is proportional to population 
density and for purposes of simplicity, it is assumed 
to be uniform throughout a city. In order to make 
the different modes comparable, it is assumed that 
all trips are made through one-meter wide equivalent 
of transportation facilities such as railways or roads 
and are linearly accumulated from right to left, 
where the city center is assumed to be located. 

The two parameters defining the domain of a 
mode are demand density a (in terms of person per 
hour-km) and sizc of city I' (in terms of the length of 
the transportation facility, in kms). The upper bound 
of the domain of a mode is the demand density 
a(upper) equivalent to the physical capacity of that 
mode. The physical capacity of trip demand is cal- 
culated as: 

Physical capacity a(upper) = (Capacity of the mode 
per meter of right-of-way) / (size of city r )  (1) 

The lower bound is delineated by the demand 
density a(Zower) that will result in break-even op- 
erations for public transportation modes. This is ap- 
plicable to the public transportation modes which, 
under ideal conditions, should operate without fi- 
nancial deficit. This financial capacity of demand 
density is calculated by: 

Total cost = Total Revenue (2) 

where total cost includes initial investment cost 
(construction and rolling stock), operating costs, and 
other pertinent costs. Total revenue includes fare- 
box and other sources. Both total cost and total 
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revenue are on annual basis; hence it is necessary to 
estimate the annual equivalents of the costs. Annual 
operating costs may be readily calculated. For initial 
investment costs, the annual equivalents are esti- 
mated using Capital Collection Method which dis- 
tributes costs into annual amounts over a certain 
length of time: 

M = P (i (1 + i)” } / ((1 + i )I1 - l} (3) 

where M is the annual amount, P is the total 
amount of investment, i is the interest rate, and n is 
the number of years over which the total amount is 
distributed. 

The resulting expression for total cost is in terms 
of r; that for total revenue is in terns of r and 
a(1ower). Therefore, the a(1ower) for which there 
will be a minimum of break-even operations can be 
computed. This defines the lower bound of the do- 
main. The figure below shows these operations. 

3.2 Modeling Results 

The LRT Line 1 of Manila is a 15-kilometer fully 
elevated urban railway. With an initial investment 
cost (construction and rolling stock) of 3.49 billion 
pesos (1.29 billion government equity and 2.2 billion 
foreign loans mostly from the government of Bel- 
gium), it opened in 1984 and runs in a north-south 
direction from Monument0 to Baclaran. It is owned 
and operated by the Light Rail Transit Authority 
(LRTA), a government entity. A private company, 
the Metro, is contracted by the LRTA to manage the 
operations in exchange for a fixed management fee. 

The following are the data and equations used in 
developing the domain of LRT for the present case 
(base case). Policy variables used in the study are 
loan interest rate (i) and operating subsidy (SUB) for 
LRT. 

4 

e 

e 

e 

4 

0 

4 

e 

4 

4 

e 

4 

4 

4 

operating speed, v = 30 kph 
individual car capacity = 374 persons 
# of cars per train, form = 2 cars per train 
# of trains per peak hour, pn  = 25 trains per 
peak hour 
# of trains per off-peak hour, opn = 12 trains 
per off-peak hour 
round trip time, prh = (2 r / v) x 60 + 15 , 
where 15 minutes is the turn-around time at ter- 
minal or depot 
required # of trains, tn = prh / ( 60 / pn ) x 1.10 
x form = 3.67 r + 13.75 where reserve ratio of 
trains is 1.10 
required # of trains at peak hour, ptn = pn x 2 
= 50 
required # of trains for off-peak time, optn = 
opnx  (oh-  1 ) x 2  = 360 
yearly train-kms, yok = r ((270) (ptn + optn) 
+ 95 (0.80) (ptn + optn)} = 141,940 r where 
in a year, 270 days have full operation and 95 
days have 80% of operations. 
operating cost per train-km = 227.82 Pesos per 
train-km 
interest rate, i = 8% 
project life, n = 30 years 
fare = 10 Pesos flat rate 

Physical Capacity Module: 

a (upper) = capacity at peak hour for 1-meter 

with LRT right-of-way equal to 4 meters. 
wide right-of-way / r = (374) (2) (25) / 4 r, 

a (upper) = 4.675 x lo3 / r  

Financial Capacity Module: 

Total Annual Cost = (annual operating cost + 
annual component of initial investment cost + an- 
nual loan payments) (1 - SUB), where SUB is an- 
nual government subsidy 

Total Annual Revenue: 
Revenue per hour, 

0 

where 10 is the flat fare per person; a is the demand 
density in person per hr-km; 2 is for round trip; 
and dx is the incremental trip length in kms. 

Revenue per day = (20 a r ) / 0.25 = 80 a r 

Revenue per year = (80 a r ) (270) + (80 a r ) 
(95) (0.80) = (27.68 x l o 3 )  a r 

Break-even Analvsis 

Figure 3. Determination of Financial Capacity of De- 
mand,a(lower). 

To get demand density for break-even operations: 
Total Cost per year = Total Revenue pcr year 
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This will yield a (lower) as a function of r. 

Base Case 
Case 1 
Case 2 
Case 3 
Case 4 

Though it exists, the domain of LRT is small, 
with values of revenue and operating costs close to 
each other. Although LRT is operationally and 
technically successful, it has dismal financial per- 
formance due mainly to considerable foreign debt 
servicing. Simulating the effects of changing the in- 
terest rates and government subsidy will be shown 
later. 

Using operational and financial data for buses, a 
similar procedure is performed to delineate the do- 
main of the bus. The only basic difference between 
LRT and bus is the absence of infrastructure invest- 
ment for the latter; initial investment is only for 
rolling stock. The superimposed domains of the 
LRT and bus and other urban modes is shown in 
Figure 4. The TG is the area(s) not covered by the 
domains of all the existing modes including the 
LRT, bus, jeepney (a form of paratransit), and the 
private car. 

Transportation gaps are found in the space be- 
tween the domains of the LRT and the private car 
and that between the domains of bus and jeepney. 
There is a big TG between LRT and the other public 
transportation modes, showing the contrast between 
high-technology and low-technology modes. The 
TG between bus and jeepney may be served by other 
modes of transport that are not yet included in the 
present analysis. An example is the Tamaraw FX 
(i.e., airconditioned 10-passenger capacity taxi vehi- 
cle plying fixed routes). 

8 %  1 0 
5% 0 
3 %  0 
8 %  0.25 
8 %  0.50 Manila’s LRT (SUB = 0%, 25%, 50%). 

Figure 6. Policy Simulation: Effect of Operating Subsidies on 

3.3 Policy Simulation 

The following policy variables were used in 
simulating the new domains of the LRT. 

Table 1. LRT Policy Variables. 

1 LRT I Interest Rate i I Subsidv SUB 1 

Different values of interest rate i and government 
subsidy on operating costs SUB are used. In the 
base case, average i is 8% (loans mostly from the 
Belgian government) and subsidy from the national 
government is minimal. In the early stages of its op- 
erations, the largest expense was the payment of in- 
terest on loans, almost amounting to 40% of total 
costs. Considering softer loans such as those with 
lower interest rates from international financing 
agencies (e.g. OECF or Overseas Economic Coop- 

eration Fund with 3%), the resulting domain slightly 
increases. Considering higher government subsidies 
(25% and 50% of total operating costs) yields larger 
increases in the domain. Simulating the combined 
effects of lower i and higher SUB is expected to re- 
sult in increase of LRT’s domain. Such increases in 
the domains consequently reduce the resulting trans- 
portation gaps. Figures 5 & 6 show this policy 
simulation. 
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4. CONCLUSION AND FUTURE RESEARCH 

With economic uncertainty in the Asian region, the 
sustainability of urban transport operations has never 
been more important. It is necessary to be able to 
evaluate the effects of transport policies on the vi- 
ability of operations. This study proposes a quick- 
response tool (Transportation Gap or TG Modeling) 
that shows the optimum domain of operations of a 
transport mode and the effects of policy changes on 
the mode’s viability. This tool also shows the rela- 
tionship between travel demand density and city 
size, thereby showing the appropriateness of a mode 
to a city with respect to the mode’s and city’s char- 
acteristics. 

Using actual operational and financial data for 
Metro Manila, the performance domains and result- 
ing transportation gaps (TGs) are identified. It was 
shown that more favorable values of interest rates, 
and availability of operating subsidies from the gov- 
ernment can expand the domains and thereby de- 
crease the transportation gaps. 

This study has only assumed a uniform travel de- 
mand distribution. Although this assumption is suf- 
ficient for the purposes of the prcsent study, it may 
be too simplifying so as to compromise the analysis 
results for the case of Metro Manila. Hence, more 
realistic assumptions on demand distribution are 
warranted to improve the analysis and more closely 
model reality. Forthcoming stages of the study will 
include othcr dcmand distribution assumptions and 
other policy variablcs for the TG models. 
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Effects of public transport service standards on cost 
Les effets de la qualit6 du service des transports en commun sur le co6t 
Effectos del modelo de servicio de transporte publico en 10s costes 
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ABSTRACT: The paper discusses the findings of a study done in Greater Pretoria to develop an 
understanding of the implications of route spacing and volume capacity ratio (v/c) on the cost of public 
transport services and the quality of service. The study found that within the range of the parameters used in 
the study; 
Z Increasing the walking distance was generally found to reduce the travel time due to increased vehicle 

frequency froin a larger route catchment. 
h Because of the peaking nature of demand, v/c ratios of less than 0,7 in the case of random vehicle arrival 

and 0,9 in tlie case of scheduled vehicle arrivals do not significantly affect passenger travel times. 

RESUME: Cette communication examine les conclusions d’une enquete faite dans l’agglomeratioii de 
Pretoria pour perinettre de comprendre les effets du rapport de l’espacenient des lignes et du volume de la 
capacite sur le coQt des services des transports en coinmun et la qualite du service. L’eiiqugte a trouve que 
dans la serie des parametres utilises daiis ette etude: 
> Le fait d’auginenter la distance de marche reduit en general la duree du voyage parce qu’il y a unc plus 

grande frequeiice de veliicules provenant d’un plus vaste secteur de lignes. 
2- A cause de l’auginentation de la demande aux heures de pointe, les rapports v/c inferieurs a 0,7 dam le cas 

de l’arrivee au hasard des vehicules et inferieurs a 0,9 dam le cas de l’arrivee reguliere des vehicules 
n’affectent pas de faqoii significative la duree du voyage des passagers. 

RESUMEN: El trabajo apresentado 10s seguintes resultados de un estudio hecho en Greater Pretoria para 
desarrollar un acuerdo sobre la implication del recorrido espacial y la proporcion de capacidad de voluinen en 
el coste de 10s servicios del transporte publico y la calidad del servicio. El estudio concluyo que deiitro de la 
clasificacion de parametros usados: 
> El iiicreniento de las distancias a pie geiieralinente ayudaba a reducir el tiempo de viaje iiecesitado debido 

a1 aumeiito de la frecuencia de 10s veliiculos desde una ruta de captacion mayor. 
> Debido a la deniaiida creciente, la proporcion v/c de nieiios de 0,7 en el caso de la Ilegada de un vehiculo 

fortuito y 0,9 en el caso de las Ilegadas de 10s vehiculos con horario establecido, no afecta de manera 
significativa a1 tieinpo de viaje de 10s pasajeros. 

1 INTRODUCTION 

1.1 Context 

It is tlie intention of tlie government in South 
Africa to devolve tlie responsibility for providing 
urban public transport (PT) services to the 
inetropolitaii authorities. 

As such it  will become the responsibility of 
each authority to balance the costs of the services 
offerred with tlie income from fares and the 
subsidy that can be afforded by the authority. 

Since the quality of services can affect the cost, 
it is important that the authority has an 
understanding of which factors affect costs and to 
what extent. (The affordability of fares, willingness 
to pay and perceived quality of services would be 
the subject of other studies). In preparation for tlie 
devolution of responsibility, the Greater Pretoria 
Metropolitan Council commissioned a study to 
determine these relationships. 
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1.2 Public transport standards 

A list of PT standards have been developed over 
tlie years in South Africa. To a large extent these 
are based 011 research work done in the late 1980’s 
by van der Reis and Morris (NITRR’1987). 

These standards include: 
> Average walking times at both origin and 

destination of 15 minutes. 
k At most one vehicle change. 
i; A maximum waiting time of 15 minutes at the 

interchange. 
& A iiiaximuin travel distance of 40 km or 1 hour 

(DOT; 1996). 
> A maximum fare of 10% of income. 
k No overcrowding; interpreted to be no standing 

passengers for in-vehicle travel times over 30 
minutes (GPMC; 1998). 

P Other less easily quantifiable parameters such 
as safety, security, comfort and convenience. 

1.3 Structure o f the  puper 

The following aspects are dealt with in this paper: 
& The PT situation in Greater Pretoria. 
i An outline tlie study itself. 
Z Tlie impact of wallting distance (actually the 

impact of route and stop spacing) on costs and 
service quality. 

k The impact of the ratio between PT spaces 
required and PT spaces supplied on cost and 
service quality. 

b Discuss tlie impact of the number of transfers 
on cost and service quality. 

2. THE GREATER PRETORIA AREA 

2.1 Public tr*an.sport [rip factors 

Figure 1 shows the Greater Pretoria Metropolitan 
Council area. 

Tlie Central Business District (CBD) is shown 
as zone 14 and the following aspects are relevant: 
> The spatial extent of tlie GPMC area is 45 ltm 

from north to south and 30 kin from east to 
west. 

Figure 1 .  The Greater Pretoria region 

Table 1 :Major public transport trip generators (One-way trips 
in the peak hour) 

Zone 
INTERNAL 

Total internal 
12 

101 
102 
1 1 1  
I12 
7 
8 
13 
14 
15 
25 

EXTERNAL 
Total external 

335 
327 
329 

Production 

133253 
17146 
11078 
32134 
10637 
18747 
3184 
3113 
3311 
4622 
5/82 
5353 

63522 
25694 
19255 
12618 

Attraction 

196598 
4934 
1 480 
4312 
2 740 
193 1 
10448 
18290 
15244 
40704 
22756 
23 165 

177 
N/a 
N/a 
N/a 

> Zones 101, 102, 1 1  1, 112 and 12 are the major 
gelierators of public trailsport trips; being the k Zone 327 represents an external zone to the 
zones created during the implementation of the south which also includes Greater 
apartheid settlement policies as the residential Johannesburg and the East Rand; at a distance 
areas for the black population. of between 50 and 70 kin froin the CBD. 

7 Zones 335 and 329 are major low income Table 1 shows tlie public transport trips generated 
resideiitial areas external to tlie GPMC area by the zones wit11 the liigliest public traiisport 
froin which worlters commute; with one-way patronage. 
travel distances of over 100 kin. 
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In summary it  can be said that in terms of peak 
hour PT trips: 
P 32,3% are externally produced 
k Less than 1% are externally attracted 
k 5 Internal zones produce 45,6% of all and 

67,3% of those produced internally 
F 6 Internal zones attract 66,4% of all PT trips 
> Tlie remaining zones have relatively low levels 

of PT trip generation 

2.2 Other p ~ ~ r ~ i n w t e r s  

Other relevant parameters for tlie study area are: 
> The public transport trip generation rate varies 

between 0,06 and 0,24 one-way tripdperson in 
tlie peak hour ( i.e. between 0,17 and 0,69 one- 
way trips /persoidday) 

i Residential and job densities range between 0 
aiid 200 per ha 

i Average aiiiiual household income for zones 
10 1 ,  102, 1 1 1 and 1 12 range between US$1600 
and US$ 3000. (The exchange rate might not 
always correctly reflect the relationship of cost 
of living in different countries.) 

k The average PT travel time is 67 minutes, with 
57% travelling more than 1 hour. 

7 The average PT travel distance if Greater 
Pretoria is 43,l 1 ltm (Del Mistro 1998). 

Three PT modes are prevalent in South Africa; 
the suburban train with up to 14 coaches, tlie bus 
with LIP to 90 passengers and the minibus with 
up to 15 seats. 

3 .  THE STUDY 

Tlie study used the trip distributions of three 
different suburbs to calculate the cost of providing 
PT services for communities with the following 
ranges in trip malting parameters: 
i Population of zone: 10 000, 50 000, 100 000. 
b Residential density: 10, 50, 100, 150 p/ha. 
i PT trip generation rate: 0,2 aiid 0,7 one-way 

trips/persoidday . 
b Maximum walking distance to PT: 500, 1000 

and 1500 metres. 
> PT volume/PT capacity; 0,7 and 0,9. 

The PT costs were calculated using a PT cost 
model (GPMC 1998). It was assumed that the cost 
of trips 011 tlie line-haul section of the trip would 
not be depeiideiit of the number of trips generated 
from the trip generating area. Instead the cost 
would be that achieved if the line-haul section was 
operating at volumes which had achieved the 
ecoiiomies of scale. 

Many alternative scenarios were run and the 
cost of servicing each of these was studied using 
regression analysis techniques and visual 
inspection of graphical output. 

Regression equations were developed for the 3 
networks and 3 trip distribution patterns using only 
one of the three modes in each case. (This is 
obviously a theoretical approach as this is not 
practical.) The R' of these equations ranged 
between 0,33 aiid 0,99. (GPMC 1998). While this 
approach appears to have potential for more 
precise investigation, especially when applied to 
appropriate operating conditions for each mode, its 
findings are not transferable to other cities and as 
such it is not pursued further in  this paper. 

3.3 Eflect of'wulking distcince on service quality 

The study included the following: 
> A review of the parameters that constitute 

quality of service for public transport based on 
tlie literature review (as described in 2.1 and 
2.2). 

7 The development of a cost model to calculate 
public transport costs. 

k The development of a analytical method to 
evaluate cost implications of alternative public 
transport standards. 

The catchment area of a PT stop is the product oi' 
the route spacing and the stop spacing. Some 
authors estimate tlie average wallting distance as a 
quarter of the route spacing (Vuchic and MUSO 
1991). This might be a good approximation when 
stops are close together. In South Africa wallting 
distances to PT are of the order of lltm. In this 
study tlie average and 90 percentile walking 
distances were found to be equal to 0,53 aiid 0,83 
of the maximum distance respectively. 

3.4 Eflect cg vehicle fjqznency on service qmlity 
3.2 Ancilyliccil nwlhod 

The public transport system can take various 
shapes; e.g. linear, direct. radial, hub-and-spoke, 
grid, dispersed radial; etc. (e.g. Albers 1981; Del 
Mistro 1998; Joiies 1990; Sliaw 1997; Siiiz and 
Blach 1994, Warren 1993). In  this study three 
network types were considered; namely tlie direct, 
radial and hub-and-spoke (Figure 2). 

Vehicle frequency can be reflected in tlie v/c 
ratio variable (i.e. passeiigerdspaces offerred). A 
study used the following range of variables: 
> The number of stops ranging between I and 10 
'r The vic ratio ranging between 0,5 and 1.1, 
> Tlie passengers being normally distributed 

within the peal< period. 
'r Vehicles arriving either on a regular basis or 

91 



Figure 2: Networks used in tlie study (Albers and Del Mist 

randomly in proportion to the demand for each 
of the 3 peak hours. 

In the case of random vehicle arrivals, 10 runs 
were made and outliers were omitted to determine 
the average value. 

Figure 3 shows one example of the delay for 
scheduled and random vehicle arrivals of vehicles, 
that for the range of 15 to 2 000 passengers/vehicle 
serving a catchment area producing 5000 one-way 
daily passengers at 6 stops. 

The study indicates that delay illcreases rapidly 
if the v/c ratio exceeds 0,7 for random vehicle 
arrivals and 0,9 for scheduled vehicle arrivals. 

3.5 Efect of walking distcrnce on cost 

It can be expected that increasing walking distance 
(i.e. route and stop spacing) should reduce the cost 
/PT trip. Reductions in costs are achieved by 
increasing the average number of 
passengers/vehicle until the practical capacity is 
reached for all vehicle trips. This is obviously 
achieved earlier for smaller vehicles and for 
networks which aggregate passengers; e.g. radial 
and to a larger extent hub-and-spoke. 

It was found that increasing the walking distance 
above 500 metres did not produce reductions of 
more than 10% in PT costs for all hub-and spoke 
operations for bus and minibus and for radial 
operations for the minibus. 

Conditions for which reductions greater than 
10% in PT cost were achieved shown in Figure 4. 

From this figure it can be seen that cost reductions 
greater than 10% can be achieved when the 
walking distance was increased: 
> From 500 to 1500 metres for: 
k Bus services operating between 5000 and 

15000 one-way daily passengers with trip 
densities less than 10 PT trips/ha and serving 

Figure 3 Effect of vic on delay for random and scheduled 
vehicle arrivals (The number refers to tlie passengers/veliicle 
and tlie r arid s refer to random and scheduled vehicle arrival 
QatterllS) 

areas generating between 15000 and 40000 
one-way daily passengers with trip densities 
less than 15 PT trips/ha. 

b Minibus services between 5000 and 25000 
one-way daily passengers with trip densities 
less than 5 tripdha. 

7 From 500 to 1000 metres for: 
k Bus services operating in all conditions 

outside those listed above. 
b Minibus services operating at less than 

25000 one-way daily passengers with trip 
densities less than 10 trips/ha and between 
15000 and 25000 one-way daily passengers. 

3.6 Efect of pa.ssenger/spctce rutio on cost 

Based on the findings of the effect of v/c ratio on 
delay (Section 3.4) the effect of changing the v/c 
from 0,7 to 0,9 was examined further. 

Changing the v/c ratio for the minibus services 
reduced the cost per passenger by more than 20 per 
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DIRECT: PT trips 
BUS /person 

Population /day 
10 000 0.2 

0.7 
50 000 0.2 

0.7 
100000 0.2 

0.7 

RADIAL: PT trips 
BUS /person 

Pop ti I at i on /day 
10 000 0.2 

0.7 
50 000 0.2 

0.7 
100 000 0.3 

0.7 

Resident ia 1 d e ti s i t y 
(person s/h a) 

10 50 100 150 
1000 
1000 
I500 I000 1000 1000 
I500 1000 I000 1000 
1500 1500 1000 I000 
I500 I500 1000 1000 

Residential density 
( pe rsoii s/h a) 

10 50 100 I50 

I000 

DIRECT: PT trips Residential density 
MINIBUS /person (persons/ha) 
Population /day 10 50 100 I50 

10 000 0.2 I000 
0.7 1000 

50 000 0.2 1000 1000 
0.7 I000 

100 000 0.2 I500 I500 I000 
0.7 1000 

A cliange in iiia~iintiii~ waliting distance (from 500 and 
1500 metres) has no effect on cost 

Figure 4: Effect of increasing walking distance on cost/ 
passenger 

cent regardless oi' operating coiiditioiis and 
network shape. 

Changing the vic ratio for bus operations liad a 
inore mixed result in PT costs, as can be seeii in  
Figure 5 .  This would indicate that costs would be 
reduced by more than 20% iii the case of daily one- 
way passenger volumes greater than 7000 and 
10000 for radial and hub-and-spoke operations 
respectively. 

The three alternative networks provided three 
different ~iiodal/~/eliicie transfer situations. 

It was found that increasing the number of 
transfers: 
> 
P 

P 
\ 

Increased travel time significantly. 
Reduced the cost of train and bus travel. 
But increased the cost of minibus travel. This 
was probably due to the fact that the indirect 
routiiig, which occurs in networks that require 
transfers, iiicreased vehicle travel distance and 

DIRECT: 
BUS 

Pop ti lat ion 
10 000 

50 000 

100 000 

RADIAL: 
BUS 

Popti lation 
10 000 

50 000 

100 000 

HUB-AND- 
SPOKE: BUS 

I ' O ~ L I  lation 
10 000 

50 000 

100 000 

PT trips 
/person 

/day 
0.2 
0.7 
0.2 
0.7 
0.2 
0.7 

PT trips 
/person 

0.2 
0.7 
0.2 
0.7 
0.3 
0.7 

PT trips 
/per-son 

:day 
0.2 
0.7 
0.2 
0.7 
0.2 
0.7 

/day 

Residential density 
(persoidha) 

10 50 100 150 

Residential density 
( per sonsilia) 

10 50 100 150 
c c l f l a  

Residential density 
(personsilia) 

10 50 100 I50 
c n n a  
f l a c l o  

A cliange in  the v/c ratio (from 0,7 to 0,9) has a 
significant eff'ect on cost (i.e. ;20%) 
A change in the vic ratio (from 0,7 to 0,9) has a effuct 
on cost (i.e. between 5 and 20%) 
A change in the v/c ratio (from 0,7 to 0,9) has no 
significant effect on cost (i.e. <5%) 

Figure 5: Effect of vic ratio on passenger cost 

tl 

cost, without producing any reduction in the 
costipasseiiger through iiicreasiiig average 
vehicle occupancy. 

Increasing the maximum wallcing distance 
(alternatively the route and stop spacing): 
> Obviously increases the walltiiig tiiiie. 
i; Generally decreases the total travel time; 

probably due to the increased fiequency of 
vehicles. 

> Produces savings greater than 10 % in cost for 
the following conditions: 

 or bus services carrying more tiiaii 10000 
one-way daily passengers for ail PT trip 
generation rates and for Iess than 10000 one- 
way daily passeiigers at very IOW trip 
generation rate. 
For minibus services at low trip generatioii 
rates relative to population size and trip 
geiieratioii rates. 
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Increasing the volunidcapacity ratio: 
b Significantly increases the waiting time if tlie 

v/c ratio is above 0,7 in tlie case of random 
vehicle arrivals and above 0,9 in the case of 
scheduled vehicle arrivals 

F Generally produced savings in tlie cost of 
services of over 20% if the v/c ratio was 
increased from 0,7 to 0,9 except for low 
volume coliditions (i.e. less than 7000 daily 
one-way passengers). 

Increasing the iiuniber of transfers: 
> Significantly increases the travel time. 
> Significantly reduces the cost/passenger for 

train and bus trips 
h But increases the cost/passenger for minibus 

services. This occurs because tlie network 
structure forces additional travel to and from 
vehicle interchange facilities; without 
producing reduced unit costs due to increased 
vehicle occupancy. 
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Demographic changes and motorization in the world at the horizon 2025 
Changements dkmographiques et motorisation dans le monde ii l'horizon 2025 
Cambios dernograficos y motorizacion en el mundo a1 horizonte 2025 

Yves Bussigre 
INRS-Urbanisation, University qf Quebec, Montreal, Que., Canada 

ABSTRACT 
From three case studies (Montreal, Puebla, Manakech), the paper adresses the question of the evolution of 
motorization more globally, at the level of large areas in the world (North vs South) and attempts to identie 
structural vs behavioral factors of motorization increase, by mode, at the horizon 2025. We propose a 
simplified long term demographic model of travel demand by mode which leads to three main conclusions: 1 - 
the presence of demographic multipliers in the evolution of motorization, which will accentuate the impact of 
changes in behavior; 2- even though health problems due to motorization will inevitably be concentrated in 
large megalopolises, the more global environinental effects of motorization such as the global warming will 
be generated mainly in mid-sized cities of the South; 3- a large part of the gowth in motorization will come 
from the motorized two wheels which, too often, are neglected. 

RESUME 
A partir de trois 6tudes de cas (Montreal. Puebla, Marrakech), la communication traite de I'evolution de la 
motorization de manikre plus globale, a I'echelle des grandes regions du monde (Nord vs Sud) et tente disoler 
les facteurs structurels des facteurs comportementaus dans la croissance de la motorisation, par mode. a 
I'horizon 2025. Est propose un modele demographique simplifie de !a demande de transport par mode qui  
conduit a trois principales conclusions: 1 - la presence de multiplicateurs demographiques dans I'evolution de 
la motorisation, qui s'amplifient avec les changements de comportements farvorables a ]'automobile; 2- m6me 
si les problemes de sante occasionnks par la motorisation seront surtout concentres dans les grandes 
metropoles, les effets environnements plus globaus tels que l'effet de serre, seront generes surtout dans les 
villes moyennes du Sud; 3- une grande partie de la croissance de la motorisation viendra de la progression des 
deux roues dont on oublie trop souvent I'importance. 

RESUMEN 

Con tres estudios de ciuades (Montreal, Puebla, Manakech), la ponencia trata de la evolucion de la 
motorizacion de inanera mas global, a1 nivel de la grandes areas del mundo (Norte vs Sur) y hace una 
tentativa ahislar 10s factores estructurales de 10s factores de comportamiento en el crecimiento de la 
motorizacion, por modo. hasta 2025. Proponemos un modelo demografico simplificado de la demanda de 
transporte por mod0 con quien llegamos a tres conclusiones principales: 1 - la presencia de multiplicadores 
demograficos en la evolucion de la motorizacion, amplificados con 10s cambios de comportamientos 
favorables a1 automovil; 2-mismo si 10s problemas de salud provocados por la motorizacion seran 
concentrados en las grandes metropolis, 10s impactos mas globales en el medio ambiente como el 
calentamiento de la planeta, seran producidos principalmente en las ciudades medias del Sur; 3- una fuente 
importante del crecimiento de la motorizacion sera las dos ruedas, cuales, muchas veses, son olvidados. 

1 PURPOSE AND SCOPE identify structural and behavioral factors of 
motorization increase, by mode, at the horizon 

This paper is an attempt to adress the question of 2025. 
the evolution of motorization globally, at the level We first base our analysis on three case studies 
of large areas in the world (divided in countries of (Montreal, Marrakech, Puebla) representative of 
the North and countries of the South) and to three levels of economic development, and 
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propose a simplified travel demand long term 
forecasting model of travel demand by mode 
which is centered on two main factors: the 
structural effects which can be considered as heavy 
tendencies and therefore may be incorporated in 
simulations, and the behavioral factors which are 
more difficult to predict but nevertheless 
determinant in future world demand of motorized 
vehicles and subject to the influence of policy 
making. The results illustrate the importance of 
demographic structural tendencies on 
motorization. 

We also attempt to generalize the approach to 
adress the issue of world motorization, at the level 
of 13 large areas in the World and try to identify 
some important environmental issues in the next 
decades in terms of motorization and 
sustainabi lity . 

2 STRUCTURAL VS BEHAVIORAL FACTORS 

In a context of lack of data we look forward to 
isolate a certain number of strucfurul ,fixfors 
which will induce motorization growth, the most 
straightforward being. 

Demographic growth 

Urban fonn (centralized vs sprawl) 
Giiiiige i i i  ihe age structure 

Graph 1 : Popularion gruwth by age, in the three case studies 

To these we could add hchuv~orui fuctors 
linked to income level and life-style which could 
induce: 

Changes in the number of trips (mobility 
factor) 
Changes in the average length of trips (due 
to urban sprawl) 
Changes in modal split (choice of mode) 

However, these latter factors are difficult to 
measure at a global level and we will choose a 
simpler approach. 

3 MODELING TRAVEL DEMAND 

We propose a simplified travel trip general model 
which puts into relation population structures and 
travel behavior, i.e.: 
Demand (mode --m") 

= Pop x Mobility x Choice of mode 
D(m) = P x D/P x DmD 
The proposed model is a direct trip generation 
model by mode, and assumes the following form: 
D,"" = p ttn x D,,,'/ P' 
where: 
D,"" 
pf 
Pt+n 
D d  
Dt 

x D'P' x D,'/D' = p t-n 

= total number of trips by day, mode m, at time tfn 
= existing population at time t 
= fi ture population at time (t+n) 
= total number of trips per day for mode m at time t 
= total number of trips per day for all modes at time t 

Graph 2: General (daily) mobility by age, in the three case studies 
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As indicated, this model equation may be applied 
for any number of selected strata (age, sex, 
geographic region, socio-economic grouping), on 
the assumption that trip generation rates by mode 
differ for each stratum. Global travel demand, 
then, may be obtained by a simple summation of 
the disaggregated demand, as follows: 
D'+n = c c c c Dn,r,s,m 

4 THREE CASE STUDIES: MONTREAL, 
PUEBLA, MARRAKECH 
We applied the precedent model to three case 
studies representative of contrasted socio- 
economic situations (Table 1 ): Montreal, Canada, 
representing a high standard of living (gross 
national income per capita GNIPC- of $20,320 US) 
with high levels of mobility and motorization; 
Puebla, Mexico representing an intermediate case 
with a GNIP level of $3,479 US and medium 

motorization and finally the case of Marrakech, 
Morroco representing low GNIPC ($1,040 US) and 
very low automobile motorization but a strong 
presence of two wheels (motorized and non 
motorized). Corrected for household size, this 
gives a ratio of income of roughly three to one 
between Montreal and Puebla as well as between 
Puebla and Marrakech. 

Table 1 : Socio-economic data, Montreal, Puebla, Marrakech 

Pop Perd GNU GNW Ratio 
Hshld pop* Hshld 

(000) 

Mtl 3 M  2.5 $20,320 $50 800 3.2s 

Pue. 1.3M 4.5 $3470 $15615 1.00 

Mar. 0.6M 5.4 $1 040 $5616 0.36 

* Source: World Bank. 

Graph 3 :  Modal choice by age, in the three case studies 
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This contrasted situation was used as a starting Table 4: Choice of mode in the three case studies 

travel data of the cases of Puebla and Marrakech I 1993 1 1994 I 1993 
was extracted from surveys conducted by the 
author with collaborators. 

We also observe important differences in 
demographic structures and tendencies for the 
future: low growth and aging due to the backlash of 
the baby-boom in Montreal, characteristic of "rich 
countries" of the West, medium growth in the case 
of Puebla, characteristic of emerging countries, 
and, finally, very high demographic growth, 
characteristic of the poorer countries. Table 2 
summarizes these characteristics for the three case 
studies. Even though the periods vary for the three 
case studies. Even though the periods vary for the 
three case studies, they represent long term 
evolutions. 

I 
Walking 
Public 
transp. 

Table 2 : Comparative age structure in Montreal - Puebla - 
Marrakech 

15%* 27% 64010 
17% 48% 9% 

a)- Projected population growth: Montreal - Puebla - 
Marrakech 

Auto I 63% 
Taxi 1 0.4% 

I A % Montreal Puebla 1 Marrakech 
I 1 1986-2011 1 1993-2010 I 1982-2017 1 

19% 1 7% 
1% 1 2 %  

Total 1 15.0% 34.0% 125% I 
~ Annual 1 0.6% 1 1.7% 1 2.3% I 

Trips 

b)- Age structure changes - Montreal - Puebla - Marrakech 
(?6) 

I -Total (DP) 

j Age I Montreal 1 Puebia 

! 

Marrakech i 
1986-20 1 1 1993-20 10 1982-20 1 7 

0 35% 1 168% , 22196 

1 65-+ I 10.2 I 15.3 I 4.9 I 6.7 1 3.7 1 5.5 1 
Sources: Census and projections by INRS 

1 2.66 I 1.89 
I 

5 TRAVEL BEHAVIOR CALIBRATION 

The travel behavior is summarized by the general 
mobility and modal choice in tables 3 and 4. 

I 1.85 

-Auto 
I -Pub.Tr. 

0.43% 2.14% 3.35% 
0.22% I 1.55% I 2.83% ! 

1 

1 Bicycle ~ ; ~ 1 1 
Sources: Calculed from OLD Surveys. * Walking and bicycle 

2 Wheels 10% 
Motor. 
Other 5%** 
Total 100% 100% 100% 

** School bus. 

6 LONG TERM TRAVEL DEMAND 
PROJECTIONS: MONTREAL, PUEBLA, 
MARRAKECH 

Applying the preceding travel behavior to the 
population growth by quinquennal age groups to 
take into account the life cycle, gives us, at 
constant behavior, the results presented in table 5:  
they take into account the composition of the 
population as well as the urban form, the three 
case studies having been divided in zones 
representing the center, the inner suburbs and the 
outer suburbs. The results gves a relatively 
stronger growth of motorization in the poorer 
countries due to the important effect of the age 
structure. This effect would have been amplified, if 
generation effects could have been taken into 
account. 
We may summarize the preceeding results by 
introducing the concept of the d e ~ ~ g r ~ p h ~ c  
inultiplier, which we could as being the relative 
growth of a mode compared to population growth. 
Table 6 summarizes these results. We find a non 
negligible demographic factor in the case of poor 
countries, represented here by Marrakech, where, 
for a population growth of 1%, we encounter a 
growth of 1.43?/0 for the automobile and 1.21 for 
transit. 

Table 5 : Long term annual rates due to demographic changes 

Table 3. General mobility - Daily tnpdcapita (5 yrs+) 1 Variable/City(*) 1 Montreal Puebla 1 Marrakech j 

(*)Montreal: 1986-20 1 1 ; Puebla: 1993-201 0;  
Marrakech: 1982-20 1 7 
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Table 6: Annual Growh rate by mode for a population growh 
of 1 %  (in?';) 

Montreal Marrakech Puebla 

Total trips 
Walking 
Bicycle 
Taxi 
Total auto 
-Auto driver 
-A zi fo pass. 
Pub. Tr. 
Motorcycle 

0.88 
X 

X 

x 
1.08 

X 

X 

0.55 
X 

0.94 
0.79 
1.09 
1.21 
1.43 

X 

X 

1.21 
1.35 

0.97 
0.72 
1.70 
1.07 
1.24 
1.52 
0.67 
0.89 
1.21 

-Rest of Asia ($1742) 
-Others ($1 092) 

The Graph 4 illustrates the important differences in 
the demographic evolutions of these world regions. 
We did our simulations on the basis of the 13 
regions, by quinquennal age groups, at the horizon 
2025. 

9 MOTORIZATION FORECASTS IN 13 
WORLD REGIONS: NORTH VS SOUTH 

Other X X 1.66 
The Izypothesis: 

Choice of 13 world regions according to 
different levels of economic development 
Demographic projections of the United Nations 

Calibration of travel behavior. It was made 
using various data found in the litterature to 
determine a level of mobility and of choice of 
mode and using the 0.-D surveys to attribute to 
these levels a curve which would simulate the 

The demographic factor appears to be an important 
structural factor enhancing motorization and it 
could have a strong impact in emerging economies 
where motorization is progressing rapidly by by quinquennal age groups: 1995 - 2025 
changes in revenue and behavior patterns. 

7 GENERALIZATION OF THE APPROACH ON 
WORLD REGIONS (NORTH VS SOUTH) 

The purpose of trying to generalize the approach to 
other world regions is to adress the following 
question: Where will the environment issues be in 
the future? 
J In which regions of the world will we see the 

strongest population growth? 
J Where will we see the fastest growth of 

motorization and for what modes? 
J In what type of urban areas will we see'the 

fastest growth? 

8 DEMOGRAPHIC FORECASTS IN 
DIFFERENT WORLD AREAS: NORTH VS 
SOUTH 

We classified according to revenue per capita and 
cultural affinities, the world poulation in 13 world 
regions (GNP per capita in $US, from The World 
Bank Atlas, 1994). 
-North America and New Zeland ($2 1 73 1 ) 

-Latin America ($2 743) 
-Eastern Europe ($2 245) 
-Western Europe ($19 673) 
-North Africa ($1079) 
-Black Africa ($533) 
-China ($380) 
-India ($3 10) 
-Indonesia ($670) 
-Japan ($28 220) 
-Hong Kong and Singapour ($1 5 565) 

/fe-cycle in different socioeconomic situations 
of high revenue (Montreal), medium revenue 
(Puebla) and low revenue (Marrakech). 
J Mobility: the general mobility, i. e. the 

number of daily trips per capita. 
J Choice of mode: modal split in percentage 

of total trips, for all modes. 

10 PERSPECTIVES IN WORLD 
MOTORIZATION 

Two extreme scenario were made to determine the 
variables at play. 

BCENARIO 11- Parudrgm c$ low rnotorrratron 
(actual behavior) 
Simulation applying future demographic changes 
to estimated structure of actual behavior - 
measures structural effects due to demographic 
changes in the case of low motorization in 
developing countries. 

~C'ENAZUO 4- Paradigm of strong motorrzutron 
(hehavror of Monlreal) 
All behavior In the world would be identical: 
South behavior reaches North actual behavior 
exept for motorized two wheels which we kept 
identical to scenario 1 since Montreal data does 
not reflect this reality. Estimated by applying 
Montreal actual behavior to all regions - measures 
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Graph 4: Population growth, by 5yr age groups, example of various world regions. 

structural effects of extreme strong motorization in 
developing countries. 

10.1 RESULTS - SCENARIO 1 (LOW 
MOTORISATION) 
Table 7: Estimation of the number of daily trips (5 yrs +) in 
the world, 1995-2025 ('000) 

1995 2025 globalh ann. A 
Total Popul. 5 716 424 8 294 338 45% 1.25 
Auto +taxi 1 576 081 1 868 203 19% 0.58 
2 Wh. motor. 1 980 000 3 013 386 52% 1.41 
TOTAL 3556081 4881 589 37% 1.05 

10.2 RESULTS - SCENARIO 2: (STRONG 
MOTORIZATION) 
Table 8: Estimation of the number of daiiy trips (5 yrs+) in the 
world, 1995-2025 ('000) 

1995 2025 g1ob.A ann..A 
Total Pop. 5 716 424 8 294 338 45% 1.25 
Auto + taxi I 576 081 12 409 148 687% 6.63 
2 Wh. motor. 1 980 000 3 013 386 52% 1.41 
TOTAL 3556081 15422815 334% 4.10 
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11.3 Growth much higher in medium-sized cities 

The rnegalopolises account for only 4 % of the 
world population and this proportion should be 
stable at the horizon 2025, even in a context of 
strong demographic growth (graph 5) .  

Graph 5 World population growth by city size, 1994-201 5 

11 DISCUSSION AND CONCLUSIONS 

I I. I Forces ut play 
The preceding results show the importance of the 
demographic factor, not only the level of growth, 
but the relevance of the evolution of its 
composition by age groups. However, the 
demographic inultiplier as shown below will have 
an impact only when motorization has begun, 
which may sound trivial but is crucial. 
We can also see that changes of behavior 
illustrated by scenario 2 are extremely important. 
This means that, as behabior changes, motorization 
may increase considerably, and it will be 
amelerated by the demographc multiplier effects. 
Forecasting future motorization with more 
precision \Nil1 need a detailed approach taking into 
account other factors (rural vs urban; city size; 
income effects) as well as incorporation generation 
effects (Madre and alii.,2000). However, the 
scenarios presented give us a highlight of the 
forces at pla>r. 

11.2 Deimgruphic rnultiplier efects: 

Table 9 Ratio A mode/A total popul 

Scenarios Auto + taxi 2Wheels Motor. 
1 - Actual Behavior 0.41 1.16 
2- Paradigm Mtl 1.19* ** 

11.4 Motormtion und Pollution 

-Locul efleecfs: Air pollution; deterioration of the 
patrimony; health problems. Mainly affects large 
urban centers in the North and in the South. 
(Mexico - 16 millions; Sao Paulo - 16,4 millions; 
Paris - 10 millions, Le Caire - 10 millions; New 
Delhi - 10 millions). 
-Globul effects: The cumulative effect at the level 
of the world population is less perceptible since it 
is not always visible locally (on environment or 
health). However it generates irreversible effects: 
Global warming effect, degradation of the ozone 
layer. 

The motorized two wheels may polllute less 
than automobiles, but their impact pollution is 
significant, and more so for the two stroke motors, 
even though they are too often neglected in 
pollution studies (MEET, 1990). 

11.5 ( ‘ o n c l u ~ ~ . ~  

We may conclude that even though health 
problems due to motorization will inevitably be 
concentrated in large megalopolises, the more 
global environmental effects of motorization such 
as the global warming will be generated mainly in 
mid-sized cities of the South where travel demand 
management is difficult, if not impossible. 
Furthermore, a large part of the growth in 
motorization will come from the motorized two 
wheels. 

*with rates much higher in economically emerging developing 
countnes (India 1 4 1, Indonesia 1 43) , and lower elsewhere, 
China 1 14) ** does not apply since the level of 2 wheels 
motorized in Montreal i s  too low to be representative and not 
significant because the 0 - D  Surveys are done in late fall when 
the use ofmotorcycles is ending 
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Travel demand analysis with the RP/ SP combining technique for developing 
countries 
Analyse de la demande de voyage par la technique combinke RP/ SP pour les pays 
en voie de dheloppernent 
Analisis de la demanda de trayectos en 10s paises en vias de desarrollo utilizando 
una combinacih de las tkcnicas RP/ SP 

D. Dissanayake & T. Morikawa 
Nagoya University, Japan 

ABSTRACT: Most metropolitan areas in developing countries are suffering from severe traffic congestion and 
resulting air pollution due to lack of public transportation and rapid motorization. Providing mass transit sys- 
tem is expected to be the most efficient solution for the problems. Introduction of new transportation modes, 
however, complicates the demand analysis because data of actual usage of such modes do not exist. Although 
the stated preference (SP) technique is a powerful tool in such situation, the reliability of elicited preference is 
unknown. Revealed preference (RP) data are also scarce in developing countries. This study is the first at- 
tempt of applying the Ben-Akiva and Morikawa's RP/SP combining technique to urban transportation in de- 
veloping countries in order to alleviate the data scarcity problem. The technique is applied to the mass rapid 
transit project in Bangkok. The paper also proposes the framework of urban transportation demand analysis 
which incorporates the car-ownership model and travel mode choice model. 

RESUME: La plupart des zones mitropolitaines dans les pays en voie de diveloppement souffrent de I'encom- 
brement grave du traiic et de la pollution atmosphirique resultante dus au manque de transport public et de 
motorization rapide. La disponibilite massive d'un systeme de transit pourrait etre la solution la plus efficace 
pour juguler cette situation. L'introduction de nouveaux modes de transport, cependant, compliquc I'analyse de 
la demande parceque les donnics de I'utilisation rielle de tels modes n'existent pas. Bien que la technique 
Stated Preference (SP) soit un outil puissant dans une telle situation, la fiabiliti de la prifirence obtcnue est in- 
connue. Les donnies Revealed Preference (RP) sont igalement rares dans les pays en voie de diveloppement. 
Cette itude est la premicre tentative applicant la technique combinie RP/SP de Ben-Akiva et le Morikawa au 
transport urbain dans les pays en voie de diveloppement afin de surmonter le problkme d'insufiisance de don- 
nies. La technique est appliquie au prqjet de transit rapide a Bangkok. L'etude propose aussi le cadre de 
l'analyse de la demande de transport urbain en integrant Le car-ownership model et le model du choix du mode 
de transport. 

RESUMEN: La mayoria de 1as ireas metropolitanas en 10s paises en vias dc desarrollo sufren de una severa 
aglomeracicin del trhlico con la resultante contaminacicin del aire debidas a la t'alta de un buen scrvicio publico 
de transportacicin y a1 incremento ripido de la motorizacicin. La solucicin mis c'iicicnte a estos problemas es 
posible que consista en proporcionar un sistema de tranportacibn cn serie. La introduccicin de nuevas l'orrnas 
de transportacicin, sin embargo, complica el anilisis de la demanda dado que, actualmente, no cxisten datos so- 
bre tales l'ormas de transportacicin. Aunque la tCcnica dc preferencia especilicada (SP por sus sighs cn inglks) 
cs una herramienta podcrosa en tales situaciones, se desconoce la contiabilidad en el logro de la obtencicin de 
prefercncias. A su vcz, 10s datos sobre la Prefercncia Rcvelada (RP por sus sighs en inglis) son escasos en 10s 
paises en proceso dc desarrollo. Este estudio es el primer intento de aplicacicin de la combinacicin de las ticni- 
cas dc Bcn-Akiva p Morikawa RP/SP a1 sistema de transportacicin urbana en 10s paises en vias de desarrollo 
para tratar de disminuir cl problema de la escascz de datos. La ticnica sc ha aplicado a1 proyecto de tritico cn 
forma ripida y masiva cn Bangkok. El cstudio propone, ademis, el sistema dc andisis de la demanda de trans- 
portacicin urbana con un modclo quc incluya cl us0 dc automcivil propio y un modelo con medios alternativos 
dc viaje. 
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1 INTRODUCTION 

Effective travel demand policies for the developing 
countries should be implemented because increase in 
travel demand creates some adverse environmental 
effects such as traffic congestion, air pollution, and 
noise pollution. Therefore, expansion and refinement 
of the existing transportation system is required to 
fulfil1 the overall task. However, there exist ample 
approaches, which can be meaningfully solve the in- 
crease in travel demand, the introduction of new 
mode seems superlative regarding to the environ- 
mental concerns if the new mode is in the form of 
subway, LRT, MRT or even zero-emission vehicles. 

Dissagregate demand modeling which describes 
the behaviour of transport user with discrete vari- 
ables (Discrete Choice Analysis (DCA), Ben-Akiva 
& Lerman 1985) is very popular in transportation 
planning. DCA is based on the principle of utility 
maximization where the utilities of the alternatives 
are considered as random variables. Vovsha (1997) 
mentioned that there exists an absolute dominance of 
multinomial and nested logit models over other mode 
choice models due to the simple analytical frame- 
work. A cross-nested logit model is recently esti- 
mated to forecast the mode choices if new transit 
modes come into effect (Vovsha 1997). The mode 
choice models for commuter trips have been cxten- 
sively investigated during last two decades. 

Estimation of discrete choice models are basi- 
cally relied on revealed preference (RP) data for ac- 
tual travel behaviour. There, however, is also a sub- 
stantial interest on stated preference (SP) data, which 
is based on hypothetical travel scenarios. Although 
SP techniques have several advantages over more 
conventional RP techniques, the reliability of the 
elicited preferences relating to SP techniques is 
questionable (Wardman 1988, Morikawa 1989). In 
recent years, some considerable attention was made 
on RP and SP combining technique, which allows to 
improve the accuracy of parameter estimates while 
exploiting the advantages of both RP and SP (Mori- 
kawa 1989, Ben-Akiva & Morikawa 1990). Abra- 
ham & Hunt (1997) estimated a nested logit model 
for commuter travel by using RP data and wide 
range of system attributes has been identified as im- 
portant. There also exists some substantial interest 
of mode choice modcling with repeated SP observa- 
tions which can be successfully used to minimize the 
errors in individual choice response (Fujiwara & Su- 
gic 1995, Mehndiratta & Hanscn 1997). 

This study evaluates the urban travel demand in 
developing countries by using RP/SP combining 
technique (Ben-Akiva & Morikawa 1990) when the 
new transit mode is introduced into the system. Em- 
pirical analysis is based on the future Mass Rapid 
Transit (MRT) project in Bangkok, Thailand. 

Since the mode choice and the car ownership arc 
inextricably linked, dcvclopmcnt of integrated model 

is important for future investigations on travel de- 
mand. Discrete choice analysis is widely used for es- 
timating car ownership among the other techniques 
such as general linear models (Said 1992) and non- 
linear analysis (Button et al. 1993). The factors influ- 
encing on car ownership under rising economic con- 
ditions are also discussed. 

2 DATA DESCRIPTION 

This study uses SP data on the future MRT project in 
Bangkok, which provides wide coverage of all the 
sectors in Bangkok metropolitan region. Person trip 
survey data in the Bangkok Metropolitan Area are 
also used as RP data. RP survey and SP survey were 
conducted in 1995/96 and 1996, respectively. The 
travel modes, which are currently provided in the 
study area, include bus, train, car, taxi/tuktuk, and 
motor cycle, and MRT is added in the SP survey. 

2.1 RP duta 

The RP survey was carried out as a part of the Urban 
Transport Database and Model Development Project 
(UTDM). 

The RP survey was conducted to collect almost all 
types of data relating to the travel behaviour. Addi- 
tional database for home interview survey was pro- 
vided by Bangkok Environmental Improvement Pro-j- 
ect (BEIP), which supports to strengthen the overall 
database. Survey items include characteristics of trip 
makers and their households, and attributes of the 
trips that were made on the surveyed day. Each trip 
is described by the characteristics of mode (unlinked) 
trips. Location-based information such as trip length 
is calculated using an Arc-View software which is 
helpful for easy reference and meaningful comparison 
whenever necessary. 

2.2 SPdutu 

The research group of Infrastructure and Transpor- 
tation Planning laboratory at the Nagoya University 
conducted a SP survey to obtain information on user 
preference regarding the future MRT pro-iect 
(Anurakamonkul 1997). 

SP survey was conducted by either direct inter- 
views or mailed questionnaires. The SP questionnaire 
was prepared to achieve explicit coverage o f  re- 
quircments relating with commuter travel. More 
specifically, the transport uscrs were asked to select 
the choices, which are best suited to solve their per- 
sonal constraints, among hypothetically created 
travel scenarios. Also. attributes for the choices are 
described in the forms of travel time, travel cost, 
travel speed, reliability (minimum delays), safety, 
comfort, service frequency, accessibility of intra- 
model transfers, and access/egress time. 
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3 MODEL ESTIMATION USING SP DATA 

3.1 Modeling approach 
The new transport mode, MRT, is planned to intro- 
duce into the existing transportation system in Bang- 
kok, which creates overall set of transportation alter- 
natives consisting of MRT, bus, car, rail and motor 
cycle. Although there will be five alternatives in real- 
ity, user preference is expressed on MRT, bus, and 
car in the SP survey. 

By considering the responses of each individual 
regarding the most important and the second most 
important factors for the mode choices, the most 
dominant attributes are found to be the travel time 
and the travel cost. 

By applying discrete choice modeling, the utility 
functions of selecting modes: MRT, bus, and car are 
formulated as follows: 

t I. 

(3) 

where a a n d  13 are unknown parameters; E is the 
random component of utility; and tt, tc, and inc are 
the travel time, the travel cost, and the user income, 
respect ivcly . 

3.2 Model estimation resulls 
For the model estimation, market segmentation ap- 
proach is employed by categorizing transport users 
into smaller sub-groups. Therefore, each sub-group 
behaves with similar pattern of perceptions and al- 
lows to maintain the homogeneity within the sub- 
group. 

The model is estimated for each user sub-groups, 
for instance, transport mode (ordinary bus, air- 
conditioned bus, car, and motor cycle) and income 
class (low income, middle income and high income). 

3.2.1 Estimation based on transport mode 
The estimation results for segments based on current 
modes are shown in Table 1. The parameter esti- 
mates for each user group have the expected signs 
and most of the estimates are significant at thc 5% 
confidence level. In addition, goodness of lit meas- 
urements are also reasonable. 

MRT constants, for instance, arc significantly 
positive for the models of ordinary bus, air- 
conditioned bus, and molor cycle indicating the user 
intention to switch to hture MRT. The negative 
signs on the estimated MRT and bus constants in the 

car user model indicate that their willingness to use 
car over MRT and bus if travel time and cost are the 
same among these modes. This inherent model pref- 
erence may be an indication of belief, convenience, 
freedom as well as comfort of the car travel. Having 
a car by investing huge sums make him to use a car 
rather than changing the mode, even though uncho- 
sen modes are comparatively better than a car. 

The coefiicients for the travel time and the travel 
cost are readily interpretable; for instance, negative 
sign indicates that when the travel time and the travel 
cost for a particular mode increases, utility of select- 
ing the same mode decreases by keeping all the other 
things constant. 

Value of time (VOT) for all user groups are esti- 
mated with respect to the income class as shown in 
Table 1. VOT increases with increasing income for 
air condition bus user and car user models, which en- 
hance the true behaviour of transport user. 

Table 1. Estimation results of mode-choice niodcl based on 
transport mode. 
Parametcr/(t- statistics) 
Variables User Category 

Ordinary Air-cond. Car Motor 

MRT constant 2.1 1 0.56 -0.66 0.91 
(6.3) (2.7) (-4.0) (2.6) 

Bus constant 0.33 -0.10 -3.04 1.85 
(0.5) (-0.2) (-5.2) (1.8) 

Bus bn s cycle 

Travel time (hrs) 0 -1.79 -1.41 -2.79 
(-0.1) (-2.3) (-2.0) (-2.1) 

Travel ~os t / i nc / l0~  -0.65 -0.64 -0.47 0 
f-?:7) c-z.41--- I-?:!)--1:O,Sl-- 

SP observations 221 239 374 70 
L(0) -242.8 -262.6 -410.9 -76.9 
I.( 2j -158.2 -204.9 -277.0 -62.9 

P 2  0.348 0.220 0.326 0.182 
VOT (low income) 34 47 
VOI‘(mid income) 90 104 
VOT (high income) 225 377 

3.2.2 Estimation bused on income c1a.s~ 
Parameter estimation results for income classes: low, 
middle, and high are shown in table 2. Estimated co- 
efiicicnts are also consistent in the sense of behav- 
ioural analysis of transport users. 

MRT constant is significantly positive for low- 
incomc class indicating that they have an intention to 
use MRT. For transport users bclonging to high- 
incomc class have significantly negative coefficients 
for MRT and bus constants by expressing their nega- 
tive tendency for those modes. 

Almost all income classes have signifkantly nega- 
tive coefficients for both the travel time and the 
lravcl cost which make sense by dcscribing their 
willingness to receive maximum utility with contrib- 
uting less time and cost. Therefore, some trade-off 
between the time and the cost is expected t o  select 
the best choice. 
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VOT for each income class is estimated as shown 
in Table 2. From the low-income class to the middle 
income class, VOT increases with income and it 
make sense as transport users in the middle income 
class are willing to pay more money to save units of 
time than the low-income class. But there is some 
divergence for VOT regarding to the high-income 
class, which possess indirect relationship with model 
preferences. They show smaller VOT, which may 
imply that they have no intention of mode change 
from car to transit. Most probably, vehicle availabil- 
ity and convenience of travel may result this diver- 
gence. 

Table 2. Estimation results of mode-choice model based on 
income class. 
Parameter/(t- statistics) 
Variables Income Class 

LOW Middle J-Iigh 

Baht Baht Baht 
0-25,000 25,000 - 60,000 Over 60,000 

MRT constant 1.29 0.24 -0.70 
(-3.0) 
-2.62 

(7.5) ‘1.;) 
Bus constant 0.16 

Travel time(hrs) -0.47 
(-4.7) 
-2.09 

(0.1) 
-2.69 

(0.4) 

(-0.9) (-2.3) (-2.3) 
Travel cost/inc/ 103 -0.22 -0.64 -2.75 

L (0) -540.5 -464.7 -357.1 
L ( B )  -421.1 -355.3 -51.5 

PZ 0.221 0.236 0.296 
VOT(Bhat/hr) 26 139 84 

4 COMBINED ESTIMATION OF CHOICE 
MODEL USING SP AND RP DATA 

4.1 Basic formulation 
There exist some common attributes, which are 
equally applied for both RP and SP choice models. 
But, some of the attributes have close relationship 
with either RP response in the sense of actual market 
behaviour or SP response as biased factors. For 
RP/SP combined analysis, Morikawa & Ben-Akiva 
(1 990) proposed a methodology that is successfully 
applied in travel demand analysis. 

RP model 

U ;  = B’x, + y j ,  + t‘; 

SP model 

U ,  = B’x; + A’z, + 5, 

(4) 

where U, is the utility of transport mode i; p ’ ,  
y’and A ‘  are vectors of unknown parameters; x, is 
the vector of attributes that are commonly applied for 
RP as well as SP; y, is the vector of attributes that 

affected the actual choice; zi is the vector of attrib- 
utes that represents biases related to SP responses; 
and E ,  and ti are random disturbance for RP and SP 
data sources. 

For the empirical analysis: the travel time and the 
travel cost are selected as common attributes for RP 
and SP. In addition, socio-economic variables such 
as car ownership is entered to the utility function of 
car users in RP and SP models to evaluate the rela- 
tionship between car ownership with car utility. RP- 
mode (present mode of transportation) is incorpo- 
rated into the SP model to illustrate the bias associ- 
ated with present mode on SP choice. 

4.2 Model estimation results 
The choice models: RP, SP and RP/SP are estimated 
and the parameter estimation results are shown in 
Table 3. 

Table 3. Estimation results of mode-choice models: RP, SP, & 
RP/SP. 
Parameter/(t- statistics) 
Variables RP SP RP/SP 
Travel time (hrs) -1.43 -1.15 -1.61 

(-4.2) (-3.4) (-5.0) 
Travel cost/inc/103 -0.08 -0.40 -0.32 

(-0.9) (-5.6) (-4.0) 
Car-ownership 4.68 1.44 4.10 

( 7.7) ( 6.4) ( 6.8) 
Bus constant (RP) 2.65 1.94 

( 6-21 

( 2.5) 

( 0.5) 

MCconstant (RP) 1.06 

Rail constant (RP) 0.26 

Taxi constant (RI)) -0.79 

( 4.9) 

( 1.1) 

(-1.2) 

0.44 

-0.62 

-0.58 

MRT constant (SP) 

RP mode 

p (scale parameter) 

N 
. - - - - - - - - 

206 
-33 1.5 
-192.2 

1240 
- 1362.3 
-967.2 

( 5.4) 

( 5.8) 

( 4.0) 

5.69 

2.98 

0.44 

-1693.8 
- 1 170.5 

P 2  0.420 0.290 0.309 

VOT (low income) 35 61 
VOT (mid. income) 95 168 
VOT (high income) 318 550 

All the estimated parameters for each model have 
the expected signs and most of the values are signifi- 
cant at 5% coni‘idcncc level. High values for good- 
ness of t‘it for all models dominating that the validity 
of RP & SP data over all the models. 

The coefficient for the travel cost in the RP 
model, however, is insignificant, which is common in 
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RP data analysis due to multicollinearity among at- 
tributes. 

There is very high coefficient for car ownership in 
RP model implying that the strong relationship be- 
tween car ownership and car use. 

By considering mode specific constants for RP 
model, bus and motor cycle are significant with the 
expected sign. However, mode specilk constant for 
taxi, and rail are not Significant, the negative sign 
make sense on the user refusal relating to the expen- 
sive taxi fares and inefficient rail service in Bangkok. 
On the other hand, rail and taxi constants are very 
close to zero implying their less contribution and in- 
dependence for the explanation of RP. 

Mode specific constants for bus and MRT are sig- 
nificant for SP as well as RP/SP models and it is 
meaningfully interpreted by the user preferences. 

The coefficients for RP mode dummy in SP and 
RP/SP are very significant and positive in sign, which 
elicits the users’ hidden preference relating to their 
RP mode. 

Significantly estimated scale parameter, p , lies 
between 0 and 1, implying that the SP model con- 
tains greater random noise: approximately twice 
relative to the RP model. 

5 FRAMEWORK OF DEMAND ANALYSIS FOR 
DEVELOPING COUNTRIES 

5.1 Overview on cur ownership modeling 
In developing countries, car ownership and usage in- 
crease with rapid economic growth, resulting in some 
transportation problems. Basically, lack of public 
transportation facilities offers poor level of service 
representing traditional, unsafe, and over-crowded 
means of transportation (Khan & Willumsen 1989). 
Therefore, the transport users have to be decisive in 
the sense of solving their transportation needs by se- 
lecting the best mode. Car travel is found to be an 
attractive solution to overcome the burdens of dis- 
comfort and physical dissatisfaction of public trans- 
port although it is hard to afford. 

In general, increase in car ownership not only cre- 
ates the congestion, accidents and environmental 
problems but also it takes up additional road space as 
well. 

Train (1980) mentioned that the factors such as 
the number of cars belonging to the household and 
number of workers using cars for commuting are 
very useful for the cflkient analysis on transportation 
policies. Dargay and Gately (1999) developed a 
model to investigate the income effect on car owner- 
ship and found that the ownership grows twice as 
fast as income for the lowest and middle income lev- 
els and ownership saturation is approached for the 
highcst income levels. There is an increasing interest 
on car ownership modcling for developing as well as 
developed countries during last two decades. The 

main difference of car ownership modeling for devel- 
oping countries is identified as its sensitivity for 
country-based fiscal policies in addition to all the 
other factors which are equally applicable for both 
models (Khan & Willumsen 1989, Vasconcellos 
1997). By considering the policy measures, car 
ownership charges, generally referred to as road-user 
charges consist of acquisition charges: import duties 
and car purchase tax; ownership charges: road tax 
and other car ownership taxes; and user charges: fuel 
tax, tax for oil, road tolls, and other road pricing 
measures (Khan & Willumsen 1989). 

However, most previous studies on mode choice 
modeling assumed that car ownership is an exoge- 
nous variable, for instance, availability of cars and 
number of cars belonging to the household. Since 
mode choice and car ownership are endogenous for 
each other, it is important to develop some combined 
analysis of car ownership and mode choice modeling. 

Although there has been some substantial im- 
provement on car ownership modeling in recent 
years, the integrated analysis with car ownership and 
mode choice modeling is rarely found. Train (1980) 
described that modeling with one of the choices, ei- 
ther car ownership or mode choice, does not simul- 
taneously accommodate the desires of the other 
model, and therefore, proposed a methodology to 
create the interaction between the models by elimi- 
nating the uncertainties associated with separate 
models. 

The validity as well as the consent regarding the 
proposed policies in the previous approaches is 
rather low due to the limited number of explanatory 
variables in the models (Train 1980). Therefore, con- 
siderable attention is required to include numerous 
explanatory variables such as household size, the 
number of workers in the household, and the number 
of children, income, age, parking facilities, costs of 
alternative modes, and costs related to car use and 
fiscal policy measures. 

5.2 Proposal of modeling fiumework 

An extension of the concept on mode choice model- 
ing is proposed to create on overall decision making 
process related to travel demand analysis. Therefore, 
consideration has placed on integrated analysis of car 
ownership with mode choice modeling, and the 
framework is proposed by observing all possible 
factors, which are closely related to the modeling ap- 
proach (Fig. 1). 

6 CONCLUSION 

This study proposes a methodology to analyze travel 
demand, incorporating SP and RP data upon the in- 
troduction of new mode into the system. 

The findings of this study provides further evi- 
dence that transport users’ stated preferences can bc 
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Figure 1. Proposed framework for the integrated approach 

Profoundly used as an accurate guide to represent 
the actual underlining preferences Market segmen- 
tation analysis, which is based on SP data, is readily 
interpretable for the preferences of each subgroup. 

Furthermore, combined analysis of stated prcfer- 
cnces and the revealed preferences collectively repre- 
sent the true behaviour of the transport user. 
Therefore, the realistic results that we obtained by 
the combined analysis can be effectively applicable 
for decision-making activities related to the trans- 
portation industry. 
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ABSTRACT: Metropolitan transportation planning is a complex process often involving many jurisdictions 
and public and private interests. It is even more complex in areas that are shared by different peoples and 
where political uncertainties overshadow the planning process. Metropolitan Jerusalem, shared by Israelis 
and Palestinians, is one of such areas where transportation planning, particularly for the Palestinian Authority, 
is a complicated and challenging task. This paper addresses the issues and challenges associated with trans- 
portation planning from the Palestinian context in the Metropolitan Area of Jerusalem. This area comprises 
the highest Palestinian and Israeli urban agglomeration in the West Bank and is expected to experience a con- 
siderable increase in travel demand because of the increase in both population and job opportunities. This pa- 
per discusses an approach for transportation planning in Jerusalem that is based on the traditional four- step 
planning procedure, but incorporates inherent uncertainties in input data and plan outcomes. 

RESUM&: La planification de tranportation metroplitain est une procede complexe qui entraine souvent plu- 
sieurs jurisdictions et des interets privees et publiques. C'est encore plus complique dans les territoires 
partagees entre des peuples differents et la ou les incertitudes politiques obscurent la procede de planification. 
Jerusalem Metropolitain, partagee par les Israeliens et Palestinians, est une de ces territoires dans laquelle la 
planification de tranportation, est une tache compliquee et de defi, particulierement pour 1'Autorite Palesti- 
nienne. Cette presentation addresse les issues et defis associes avec la planification de tranportation dans le 
contexte Palestinien. Cette presentation discute aussi les facons possibles de collection de donnees et d'ana- 
lyse d'autres present et future strategies de transportation pour Jerusalem en particulierement et pour le Cis- 
Jordanie et Gaza generalement. 

RESUMEN: La planificacidn de sistemas de transportacidn en zonas metropolitanas es un proceso muy 
complicado el cual envuelve diferentes jurisdicciones ademhs de 10s intereses pdblicos y privados. Este 
proceso es mucho m8s complejo en regiones compartidas por pueblos con diferentes caracteristicas 
econdmicas y sociales donde las incertidumbres politicas rigen el proceso de planificacidn. La Zona 
Metropolitana de JerusalCn es un ejemplo de este tipo de regidn dad0 el hecho de que el territorio es 
compartido por Israelitas y Palestinos. La planificacicin de sistemas de transportacidn para 10s planificadores 
en esta regidn es un reto, y adn mas para 10s de la Autoridad Palestina. Este estudio discute 10s temas 
relacionados con el proceso de planificacidn de sistemas de transportacidn en JerusalCn desde el context0 
Palestino, incluyedo alternativas y tCcnicas de andisis. Por iiltimo, estrategias futuras para el sistema de 
transportacidn en JerusalCn y en 10s Territorios Palestinos son presentadas. 

1 INTRODUCTION 

Transportation planning in the Jerusalem area in- 
volves the analysis and modeling for two transpor- 
tation systems under different travel conditions (with 
and without travel restrictions) for two ethnic groups 
(Israelis and Palestinians). The economic, social and 
political factors are different for these two systems. 
The data for these parameters are not readily avail- 
able and future estimates are fraught with uncer- 

tainty. While several transportation studies have 
considered the Israeli perspectives for the transport 
sector, not much consideration has been given so far 
on the Palestinian needs (Garb1998). Consequently, 
collection of planning data and the analysis of cur- 
rent and future travel patterns in the West Bank and 
Gaza are difficult exercises. There is a myriad of 
travel and other restrictions in the area, causing a se- 
vere distortion in travel patterns and travel costs of 
both passengers and goods. 
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At present there are various initiatives on behalf 
of international aid agencies for investment in 
physical infrastructure in the area as the Peace Proc- 
ess proceeds. Therefore, it is necessary to undertake 
a systematic planning process that must be robust 
enough to accommodate the various political sce- 
narios and to assess investment needs. This paper 
discusses possible approaches for the analysis of al- 
ternative current and future transportation strategies 
for Metropolitan Jerusalem in particular and the Pal- 
estinian Territories in general. 

2 CHARACTERISTICS OF THE AREA 

Jerusalem is located in the central region of the West 
Bank and Israel, as shown in Figure 1. The Metro- 
politan Area of Jerusalem covers about 2100 km2. 
The municipal area is 123 km2: about 70 km2 in East 
Jerusalem and the remaining area in West Jerusalem. 

Metropolitan Jerusalem had a population of about 
1.20 million inhabitants in 1996, almost evenly dis- 
tributed between the two ethnic groups. It is ex- 
pected to reach about 1.9 million inhabitants in the 
year 2010 with the Palestinians representing 63% 
(MOPIC 1997a). 

The total number of employed persons in 1996 
was about 0.30 million distributed as 40% Palestini- 
ans and the remaining Israelis. The overall geo- 
graphical distribution of employed persons in 1996 
followed more or less that of population. The num- 
ber of Palestinians employed in the urban areas of 
Ramallah, Jerusalem and Bethlehem represented 
40.0% of the total in the West Bank. Almost this 
same percentage (38%) represented the proportion 
of the Palestinian population of the West Bank liv- 

Figure 1. Jerusalem in the Regional Context 

ing on these areas. The total number of employed 
persons could increase to about 0.57 million by the 
year 2010. Of this total, 54% are expected to be Pal- 
estinians (MOPIC 1997a). 

In 1996, the Palestinian per capita GDP was ap- 
proximately USD 1550. Jerusalem had the highest 
GDP per capita at about USD 1900, representing 
12.5% and 54.5% more than the GDP values in the 
West Bank and the Gaza Strip, respectively (MOPIC 
1997b). The relatively improving economic condi- 
tions of the residents of Metropolitan Jerusalem 
during the past years have resulted in a considerable 
increase in the motorization rate (number of private 
vehicles per 1000 inhabitants). It is expected to in- 
crease by about 40% during the period 1996- 2010. 

3 THE PEACE PROCESS AND UNCERTAINTY 

Several agreements signed between the Israelis and 
the Palestinians since the initiation of the Middle 
East Peace Process at Madrid in October 1991 have 
resulted in consecutive transfers of territories and 
some civil powers to the PA, such as transport. 

The Gaza- Jericho Agreement signed on May 
1994 resulted in the transfer of 80% of the Gaza 
Strip and some other territories in Jericho in the 
West Bank as Area A to the PA. 

The Oslo I1 Interim Agreement signed in Sep- 
tember1995 resulted in a total of about 3.0 % of the 
total area of the West Bank (main cities and towns), 
comprising about 0.46 million Palestinians, under 
full Palestinian control (Area A). Area B, compris- 
ing about 0.86 million Palestinian residents living 
mainly in rural communities, represented about 24% 
of the area of the West Bank. The PA has some civil 
authority in Area B, but with Israel overriding secu- 
rity responsibilities and land use control. Area C in- 
cludes some Palestinian built up areas, Israeli set- 
tlements (about 180 settlements), military outposts 
and Jerusalem. This area represents the remaining 
73% of the total area of the West Bank and includes 
about 0.25 million Palestinians (MOPIC 1997b). 

The Wye River Memorandum (WRM), signed in 
October 1998, specified that Israel is expected to 
cede another 13% of the West Bank in three phases 
over 12 months. Its implementation was delayed and 
only the first phase took place. A new redeployment 
agreement signed in Shann AI- Sheikh in September 
1999 ratified what was previously agreed upon with 
some modifications. As a result, 40% of the area of 
the West Bank would become under the control of 
the PA (about 18% in Area A and 22% in Area B). 
Figure 2 shows the pre- WRM areas of control. 
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Figure 2. Designation of Areas of Control 

4 COPING WITH UNCERTAINTY 

Recognizing and addressing uncertainty is a critical 
task for effective planning. In the case of Jerusalem, 
the main source of uncertainty stems from political 
conflict of two peoples (Israeli and Palestinian) that 
share the same land under changing contexts. There 
is great imbalance in power between these two 
groups and conflicting political goals are many. 
There is also a large gap in the information available 
to each side as well as in the expertise and the eco- 
nomic resources. All these issues need to be consid- 
ered while addressing uncertainty and its impact on 
the transportation planning process in the Palestinian 
Territories. 

To cope with uncertainty, a suitable and robust 
methodology is required to anal yze probable condi- 
tions and to predict future impacts. An incremental 
planning process within a long- range framework is 
the approach that is proposed in the present paper. 
This can enable to accomplish, in a synoptic way, 
some of the elements included in transportation 
planning: setting goals, identifying alternatives, 
evaluating means against ends, and finally, provid- 
ing conclusions and recommendations. 

Timing is a strategic issue in transportation plan- 
ning. It involves, not only the time needed to prepare 
a plan, but also the schedule of the sequence of ac- 
tions included in the plan itself. As the planning ho- 

rizon becomes extended, the precision of a plan be- 
comes less likely to be robust. We therefore propose 
to adopt a series of short-range strategic plans within 
the framework of a broad long-range plan. 

5 ANALYSIS SOFTWARE 

The Geographic Information Systems (GIS) soft- 
ware package TransCAD was used (Caliper 1997). It 
allows the integration of spatial and other forms of 
tabular data in different formats and from different 
sources into a GIS transportation database that can 
be used to support various aspects of policy assess- 
ment and transportation planning and analysis. It 
also allows its use taking into consideration the lack 
of detailed data. The determination of an origin- 
destination (0-D) matrix from limited traffic counts 
is just one example. 

6 MAJORISSUES 

Major issues in transportation planning in the Pales- 
tinian Territories involve congestion due to inade- 
quate infrastructure, the ever increasing use of pri- 
vate cars, an inefficient public transport system, and 
the high cost of freight transportation. There are also 
extreme limitations regarding private investment, the 
use of land and other natural resources, and the 
availability of slulled personnel. At the same time, 
there is a rapid pace of population growth and atten- 
dant urbanization, creating urban sprawl. These ex- 
tremes have resulted in negative environmental im- 
pacts in the area, which are aggravated by 
administrative and political changes in the region. 

On top of some of the traditional problems, the 
accessibility and mobility of the Palestinians are 
greatly affected by the travel restrictions that have 
been in effect since 1993. Accordingly, the Israelis 
are not allowed to enter the areas controlled by the 
PA while the Palestinians are not allowed to enter 
Israel or Jerusalem. Moreover, Palestinians living in 
the Gaza Strip are restricted from traveling to the 
West Bank and vice-versa. About ten checkpoints 
are distributed on the major roads around Jerusalem 
and there are many other between Israel and the Pal- 
estinian Territories. More than 90% of the Palestin- 
ian population in the West Bank and Gaza Strip are 
affected by travel restrictions. 

This situation has resulted in the splitting of the 
transportation system into two: one Palestinian and 
the other Israeli. The roads being constructed to 
connect Israeli settlements, some of which are not 
allowed for Palestinian use, have accentuated the 
physical segregation. In fact, Palestinian residents of 
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areas other than Jerusalem are left with only one 
road alternative that links the southern and northern 
parts of the West Bank. 

At present, “Wad A1 Nar” (the Valley of Fire) is 
the only road alternative connecting the southern 
and northern parts of the West Bank available for 
Palestinian traffic. Inadequate geometric design, 
steep slopes and unacceptable levels of service and 
safety characterize this road. For the Palestinian 
residents, the use of this road has doubled their 
travel distance (circuity) and consequently, in- 
creased their travel time and out of pocket travel 
costs. The difference in travel distance between re- 
stricted and non-restricted conditions may reach as 
high as 28.0 km. Due to the difficult road conditions, 
the public transportation service is almost non- ex- 
istent. Similarly, this situation drastically affects 
freight traffic. The overall effect is the erosion of the 
socio-economic interaction and geographical integ- 
rity of the Palestinian areas and population in Jeru- 
salem and the southern and northern parts of the 
West Bank. 

A major problem for planning is related to the 
constraints faced by the Palestinians in both the data 
collection and the analysis processes. Although 
some of the data collection problems are also faced 
in other urban areas around the world, a unique as- 
pect is the magnitude of political constraints im- 
posed by the Israeli authorities on the Palestinians 
regarding data collection. Palestinians are only al- 
lowed to gather transport-related data in Area A. 
They are also not allowed to undertake any census 
or implement projects in areas other than Area A 
without the consent of the Israeli authorities. In ad- 
dition, the PA does not have the required tools and 
equipment necessary for data collection, as these are 
not allowed by Israel to be imported directly to any 
Palestinian private or public institution. 

7 METHODOLOGY 

As the data available are not sufficient to develop a 
reliable analytical model, a scenario approach within 
sketch planning was applied to accommodate miss- 
ing data and inherent uncertainty. The approach 
primarily involved the use of socio-economic data 
and physical characteristics of the road network un- 
der consideration to generate synthetically travel 
characteristics (Hamideh 1998). 

The procedure was to assess the outcome of a set 
of possible “if- then” scenarios. To obtain a baseline 
reference, the 1996 road network was used to repli- 
cate travel patterns within acceptable margins of er- 
ror. The main task was to code that part of the net- 

work carrying most of the traffic, to define the 
values of its attributes (i.e., free flow speed, capac- 
ity, etc.) and to find an adequate parameter that rep- 
resents the attractiveness for malung a trip from one 
zone to another. 

For this purpose, two modeling techniques were 
applied (Hamideh 1998). The first one was the con- 
ventional Urban Transportation Planning System 
(UTPS) four- step model while the second one was 
based on simplified methods by which an origin- 
destination (0-D) trip matrix is obtained from traffic 
counts (Ortuzar & Willumsen 1994). For the second 
technique, two cases were considered: the use of a 
seed matrix and the use of an a-priori matrix. A seed 
matrix can be used when there is no prior infonna- 
tion on flows or a base year 0-D matrix (Caliper 
1997). For the seed matrix, small values were given 
for cells where trips were expected to be produced 
a n d  or attracted (i.e., 0.1). For the a- priori matrix, 
the overall 1996 0-D matrix during the peak hour 
generated by the UTPS model was used. 

8 ANALYSIS 

The statistical methods applied to the calibrated 
network to validate the results revealed that the four- 
step model could be successfully adopted to gener- 
ate results for strategic planning (Hamideh 1998). 
Although the zoning system was a very coarse one, 
comprising 14 traffic zones (or boroughs), it proved 
to be adequate. Trip generation was determined for 
each zone based on our review of official land- use 
plans and the possible socio-economic interaction. 
For home based work (HBW) trips, the approach 
was to determine the type of employee (i.e. re- 
stricted or unrestricted) a job may attract and how 
job choices are affected by restrictions versus pref- 
erences. Unlike the traditional approach, the adopted 
procedure considered the effect of level of service 
on trip generation. This elasticity was achieved by 
considering the existence of two groups of travelers: 
restricted and unrestricted. 

For trip distribution, the gravity model was found 
to be suitable for the case study despite the limited 
information on trip characteristics and zonal origin 
and destination totals. About 33000 HBW car trips 
were estimated during the peak hour in 1996 for Je- 
rusalem, of which only 17% was made by restricted 
travelers. For the Metropolitan area of Jerusalem, 
the mean travel time for restricted travelers was de- 
termined to be 50% more than that for travelers not 
facing any travel constraints (37 minutes compared 
to 25 minutes, respectively). As a result, restricted 
travelers made about 2500 extra person hours of 
travel during the AM peak hour only in 1996. 

112 



For traffic assignment, there was a need to adapt 
an algorithm that considers two separate road net- 
works: one for the unrestricted home based work 
trips and the other for home based work trips facing 
travel restrictions. The Method of Successive Aver- 
ages (MSA) proved to be an effective approach. The 
algorithm adapted took into consideration, not only 
the effect of congestion, but also the effect that re- 
stricted and/ or unrestricted road use may have on 
the overall performance as well. The network as- 
signment process indicated that some links such as 
the road along the “Valley of Fire”, had V/C ratios 
ranging between 0.70- 0.90. However, several major 
links were already congested. These were located at 
the western entrance of Jerusalem (Highway #1) and 
at the northern entrance of the city (Main Road # 
60). The overall average speed in the Metropolitan 
Area of Jerusalem for the unrestricted population of 
trip makers was determined to be 60 kph, compared 
to 35 kph in the major urban areas in Municipal Je- 
rusalem. 

9 FORECASTING 

Several cases were analyzed for the horizon year 
2010 (Hamideh 1998). These include a do- nothing 
alternative, the upgrading of some links of the road 
network and the implementation of an official road 
plan proposed by the Israeli authorities. While some 
case-scenarios assumed the existence of travel re- 
strictions, others considered that travel restrictions 
would no more be in use (i.e. peace scenario). 

The results of the analysis revealed that the ca- 
pacity of the 1996 base year road network would not 
accommodate the traffic originated by the expected 
land use scenario in the year 2010. If nothing were 
done during the 14-year period, the number of links 
with congested conditions would increase by ten 
fold, representing about 20% of the coded network 
considered in the analysis. Among these links is the 
only connection now available for the Palestinians to 
travel between the southern and northern parts of the 
West Bank. Trip makers facing travel restrictions 
would perceive more the negative impacts of these 
new travel conditions. Their average mean travel 
time would be 55% more than trip makers without 
constraints (42 and 27 minutes, respectively). As a 
result, the total extra person hour travel during the 
AM peak hour would increase by three fold com- 
pared to the case in 1996, reaching about 7200 
hours. 

The analysis revealed that some links of the most 
important road facilities (Highway #1 and Main 
Road # 60) would be expected to carry twice as 
much traffic as in the year 1996. These values could 

reach about 12500 pcph at the western entrance of 
Jerusalem and 13500 pcph close to the Old City 
(near the CBD), respectively. The most severe con- 
gestion problems are predicted near these two loca- 
tions. 

This study analyzed whether the 2010 Master 
Road Plan officially proposed by the Israeli authori- 
ties plan could accommodate the expected traffic in 
the year 2010 resulting from the 2010 land use sce- 
nario. The proposed plan includes the upgrading of 
existing major arterials and the construction of new 
road facilities. The new facilities include north- 
south and east-west road alternatives that will form a 
full ring road around Jerusalem (Municipality of Je- 
rusalem 1997). The simulation indicated that the 
mean travel time for the restricted group would still 
be higher than that for the unrestricted group (33 
minutes compared to 23 minutes, respectively. 

Further analysis indicated that releasing travel re- 
strictions within a peace scenario would increase 
congestion as a result of the additional demand to 
use major road facilities. The proposed 2010 road 
plan would not be capable to satisfy the travel de- 
mand originating from a possible peace scenario in 
the year 2010. 

Parallel to the problem of congestion, adverse en- 
vironmental impacts can also be expected. Land use 
changes would have a strong influence on the gen- 
eral quality of the environment. It is likely that air 
pollution from road vehicles and vibration from 
heavy road traffic would continue to be the major 
environmental problem in Jerusalem (Municipality 
of Jerusalem 1997). 

10 ACTIONS 

The actions to be considered for the Metropolitan 
Area of Jerusalem can not be isolated from those for 
the Palestinian Territories. At present there are sev- 
eral transport sector initiatives in the West Bank and 
the Gaza Strip, most of which are supported through 
donor-assistance. Preliminary estimates of expendi- 
ture needs for the transport sector for the next three 
years have ranged from USD 500 million to US 750 
million. 

It is useful to consider three aspects of transport 
strategy from the Palestinian context. First, there is 
the urgent need to build and improve transport infra- 
structure and services at the local level. The second 
aspect of transport development is the efficient link- 
age of markets between Jerusalem and the rest of the 
Palestinian Territories. The third aspect of transport 
development is to link Jerusalem to regional and in- 
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ternational markets. This can be achieved by strate- 
gic planning of the different components of the 
transportation system (air, rail, road, etc.) within a 
logistic chain that aims at the integration of these 
components. Thus, an integrated transport system 
that accommodates both local and regional needs 
should be considered allowing adequate multi-modal 
transport. 

At the local level, buses and jitneys provide the 
public transport service. All existing bus services 
and operations belong to the private sector without 
any coordination and the level of service provided is 
low. Much can be done to improve the bus transport 
service through changes in regulatory policies. 

There is an urgent need to rehabilitate a signifi- 
cant portion of the road network and to add new 
roads. In this regard, there is a need to upgrade Main 
Road #60 and to provide road bypasses to avoid 
through traffic in major urban centers, such as 
Ramallah, Jerusalem and Bethlehem. 

Another issue is missing critical links, such as the 
connection between the Gaza Strip and the West 
Bank. Metropolitan Jerusalem would experience a 
considerable increase in travel demand along its 
road infrastructure if the corridor is implemented 
and travel restrictions are released. Therefore, it is 
important to integrate this corridor with the road 
network in the West Bank in the most efficient way. 
The use of some of the Intelligent Transportation 
Systems (ITS) technologies could be helpful in cov- 
ering many of the aspects related to the operation of 
the proposed corridor. This would enhance better 
levels of service along the corridor itself and along 
the road network in the West Bank, mainly the bot- 
tleneck of Jerusalem. 

Although roads would continue to be the critical 
element in the Palestinian transport system, the po- 
tential of a rail- based environmentally effective 
mass public transportation system in Jerusalem and 
its vicinity should also be considered. Based on brief 
analysis of the expected pattern of urban and indus- 
trial development for the year 2010 and the traffic 
volumes that were forecast for the different scenar- 
ios, a comparison of possible alternatives revealed 
the suitability of a light rail transit system (LRT). 

11 CONCLUSIONS 

analyses can be effectively used to provide broad 
planning guidelines. 

The transport sector is expected to play an essen- 
tial role in the Metropolitan Area of Jerusalem and 
in the region as a whole by inducing and facilitating 
socio-economic development. An efficient and inte- 
grated transport system is imperative for the eco- 
nomic well being of the Palestinians as well as Is- 
raelis. It is important therefore for the Palestinian 
Authority to undertake a systematic planning proc- 
ess for transport systems in the area, even though the 
process may be fraught with much uncertainty. 
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Development of mode choice for Delhi 

V. K. Sibal & A. Madhugiri 
RITES, New Delhi, India 

AI3STRA(’?’ : I k l l i i .  the capital 01’ India has a population of‘ a h u t  t \ \ e l i  c millic~n in 1999, 
ii hich is lilt cl>^ to increase to thirteen iiiillioii I,! the j ear 200 I . The tit) is dupetidetit on buses 
only ;is means 01. mass transport. Surveys conducted in 1994 iiidicatcci that h r i  
to around 62 (3) oi’ tlie total \~ l i icu la r  trips and tlie residual 38 o/o trips are catereci by priirate 
modes. The (;oiwrirnetit of India has recetitly approved implcmentat ion o 1’ ;I I\ lass Rapid 
Transport Slsteiii for the city for a cost of aro~i id  Rs 60 billion ( 1  9% Prices). Fot.ecasting the 
modal split in favour of mass transport with the iriipleniciitatioii of I\lR IS \\;is ;I task not 
taken up for long. The Master I’laii de\reloped by the development a g c n c ~  of‘ Delhi has 
forecasted a modal split of 75 56 in f a ~ ~ o r  of inass transport, based on trend anal\ sis. The need 
for s~steniatically ascertaining the mode choice fbr tlie future taking into consideration the 
\ arious combination of fare lei els and time of travel was felt it and \\’as dccicied to deIfelop a 
mode choice model. Fresh consunier preference survey \vas carried o u t  i i i  1098. \‘L i t h i n  Delhi 
IJrban Area. \\ itli a saniple size o f  5000 commuters. -1 lie f’ei.hriiia \ \as to get tlie pc‘rcciveci 
\ralues for time a i d  cost f’or the coiiiiiiiiters. A s  the value of’ time and cost \\oiild grossly 
depciid on the economic status of the coiiimutcr. tlie comiii~~ters \\‘ere di~rided into two 
groiips : 1 ehicle owners and iioi1-\diicle onners. ‘Illis method  as f’ouiid to be better than 
attempting to obtain iiiforniation about iiicotiic of‘ coiiiiiiiiters \i hicli is genet.ally not realistic. 
Based on the opinion of’ the comiiiuters, the percei\red \I all( time. lvaitiiig tiiiic. in-i-chiclc 

time. parking t iiiie. tra\.tl cost. parking cost xid convenience \I ere modelled atid the value of’ 
time for the t n o  groiips (\~eliiclc and non-\ ehicle oiviiers)  as cieri\mi. ‘I  he anal\ sis yielded 
stated preference coef’ticietits. i\liich relates to pcrcci\.ed \ d u e  of time. l q i t  model .ivas iise 
to get modal split. A seiisiti\.ity atialj.sis ]\as carried out to asccrtaiii the fhre elasticity of 
ridership on the proposed MRTS.  

1 .  INTRODUCTION catering t o  around 62 o/o of-‘ the total 
vehicular trips and the residual 38  96 trips 

Delhi, the capital o f  India has a population are catered by private iiiodes. ‘fhe 
of about twelve million in 1909, which is Governliicnt of India hiis recently approved 
likely to increase to thirteen million by the irnI.7lementi~tioti of’ a Mass f<apid ‘l’misport 
year 200 1 .  The city is dependent on iiieaiis System fi)r the city. ‘l’he Modified First 
of’ buses only as m s s  transport. Surveps Phase of the system consist of’ a net~.ork of 
conducted in 19O4 indicated that buses are 55 .3  kni as SIIOM i i  in ligure 1 .  
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‘I’lie Master Plan ( 198 1-300 1 ) prepared by 
the clevelopment agency of Delhi has 
forecasted a modal split of 75 o/o i n  favor of 
iiiass transport. Based on this assumption, 
the ride rsh i p on tlie M od i Ii ed 1: i rs t Phase 
of MRTS was worhed out as 1.95 iiiillion 
trips per day in the year 2005. This 
approach of’ maliing assumption about 
modal split 1x1s obvious limitations and is 
open to criticism. ‘The modal split is a 

transport planning ~ x o c e s s  and 
development of a systematic approach 
towards cte\~elopment of’ a modal split 

major component I l l  l1K four-stage 

modcl \VBS long overdue. 

2.1 I-+ld Sun e p  Coiictucted 

A CO i i i  prehens i ve CO iisii mer I’ re fere nce 
Survey \$as cariied out in  Delhi in  1998 to 

covering the lbllo\\ing : 
0 Consumer‘s expectation of‘ (he 

acceptable le\ el of‘ quality of service in 
terms of’ waiting time at the point of 
em barking t rmsl’cr, total t I iiic spciit for 
the journej and the level of crowing in 
the piiblic trainsport system, 

0 ConsLimcr’s acccptabilit) of’ the hassle 
involved in one o r  t\\o inter-niodal 
transfers, and 

o Price sensitivity to  the desired quality 
and level of service. 

ascertain the collllllllter prel‘clences 

A sample of passengcrs at  ina.jor railway 
stations, bus stops, bus tcrminals and 
parking lots were intervie\\ eci to ascertain 
the following tra\ el inlbrmation : 

0 Socio-economic status 
0 OriGin-destinatioiis 
o Perceived tra\ el costs 
0 Ilistancc, time and costs 01‘ iiccess links 
o Reasons for choosing a mode. 

,- I he information \ ~ a s  used to analyse broad 
pattern o f pu bl i c t ran s po I‘ t demand si a t us, 
accessibility, provision of  ICccler ser\.ices 
~ i n d  reasons for mode choice. Respondents 
were offered if number of time, cost and 
fi-cqucncy parameters i i i  ordcr to dctcriiiinc 
tlie degree to wliicli people ;ire prcparec! to 
pay more ti)r iiiipro\ emcnt in  rail services 
and poteiitial rail trans1i.r. 

Sample size lbr this suri‘ey niis about 5 .  
000 passcngcrs. Strati l i d  midom 
saiiipliiig technique was usecl 10 administer 
the survey. { Reference 11. 

I’lie analysis of  tlie clata J,ieldcJ the 
fo 110 \v i ng i ii Ib r m  11 t i o 11 : 

0 Demographic prolile 

Distribution of working hours 
D i s tri bii t i o i i  of occ L i p  t i on a 1 pro li 1 e 

Di st ri 1x1 t ion of p ii bl ic transport 
accessibility 

0 Distribution of household income aiid 
veliicular ownership 

0 Purpose-wise trip details of chosen 
mode 

0 Details of L I S ~  of concessional tickets 
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Mode -. \Y i s e e s p e 11 d i t U re pat t e r ii 
Distribution o i  mode used, time spent, 

cost incurred, cl i s taiice travel led and 
mode interchanged for both chosen and 
110 11-c hose11 mode 
D i s t ri h i t  i on o f i 11 fo riiia t io 11 re1 ated to 

personal niode used for journey (chosen 
a lld 110 11-c 110 sc I 1  mode ) 

the survey s1ioivt.d the following 
pl-e ferences : 

Its fi-equency during peak period should 
not be less than 15 minutes 
More than one interchange is not 

p re fe rre d 
I 11 t e rc h i ~ 1  ge ~110 U 1 d be c 0 111111 U t ei 

fiiendly - i v i t h  f'eeder service and 
1x1 1.1; i iig fix i 1 i t ics 
I t  shoiild in\  ol\ne a walk of less than 

500 111. 

L.2 Modal Split 

As  the modes available fbr travel would be 
cli ilf'erent h r  \xAiicle and non-vehicle 
owning groups in  the study area, separate 

gro~ips. Modal split was projected for the 
pri\iate vehicles and public transport for the 
vchicle o\\iiiiig group and only public 
transport f'or non-vehicle OM ning group. 
'1-lie modal split for the similar modes was 
added to get the filial modal split. 'The 
nioclel was uscc1 to calibrated fbr both 
ve 11 i c 1 e ow 11 i ng and no n-veh i c le owning 

fijr horizon year (2005). 

n1odcIs were cie\doped for these two 

gl-oLips for  tl1c base yc3r and then projected 

'The input to the mode choice model 
consists of'the follo\i ing components : 

'I-ravel time by cacli mode on each 
stage ofa tr ip ; 

'I'ravel cost by each mock on each stage 
o f a  trip ; 
Modal choice coefficients fiom stated 

13 re fe re iic e s ii r ve y . 

r. I he shortest path algoritliuiii was used to 
output travel time arid distaiice matrices. 
These were con\ erteci to the time and cost 
matrices for each mode. For example, 
MR'T fare (cost) fbr  11 gi\,en option ivas 
c a 1 c 11 1 at ed fro 111 t he d i s t aiic L' t ra \re 1 1 ed o 11 
the h4 RT. 

As the stated prcl'crmce siirvey did not 
include M R ' T  as an option, 110 Attributed 
Stated Preference Coefficent (ASC or bias) 
was calculated f'or thiit alternative. Small 
ASCs in  fii\roiir of hlR'1' o i ~ r  bus. and of 
car over MRT were therefore introduced. 
[ Iief'erence 21 

A standard mu1 tinoiiiial logi t expression 
was applied to calculate the probability of 
choosing H inode : 

e lfi;. 
Probability {Mode M} = n-nomodcr ------- (I)  

Et. p n  

n I  

where, 

M = mode whose probability of being chosen 
is to be calculated; 
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Mainline rail trips and trips with an 
external trip end (inter-city trip) were 
assunied not to transfer to MRT. This 
action is jiistilied by the relatively small 
numbers involved and tlie smal I like1 i hood 
of s\vitching to M R F ,  

Trip niatrices for tlie year 2001 were used 
for assignment and calculation, with 
scpxate matrices for vehicle and non- 
vehicle owning household trips. 

transport. The modal split fbr public 
transport varies between 75 % to 80 % for 
different fare levels of MRTS. 

Table 2 M&l Split - 2005 

[(em Numbcr 

Total ln!n Cdy-lnps IS 570 millim 
~~ 

Prnatl: 3 13 mllw (224.6) 
B W  10 24 mllim (66%) 
hRTS 1.90 milliur 112%) 

_. I he analysis yielded coefficients as shown 
in ‘l‘ablc I . 

T;lble I M0d;ll Choice Cocfficients 
- 

.!~nbutc Nai-vhiclc V h i c k  
Imllmg wllmg 

I I U l l ~ U l d  houshzhold 

‘1‘1111c u&icilnt. nliis 004711 0.00362 

Cua mHidtn< Ks I024 0.02155 

Bus bias 0.45524 

Ksil bias 4,05760 3.67532 

By way 01’ illustration, link flows are 
indicated in  the follo\ving figures . These 
are i i c ~  intended t o  be exact assignments as 
iar as routing is concerned, but rather 
indicate the corridors that  u w l d  be used in 
tlie absence ol‘congestion 

Figure 2 and b’igure 3 show tlie niimbers of 
passenger trips ( i n  Importion to band 

Values of time arc shown in Table for 
inlbrmntion. I t  is ~~rolx)sed that these are 
p I aus i 13 1 e es t i ma t cs i) 1‘ behavi o iira I val lies 
of time lbr mode clioicc. 

C’ulihratioii 0 1 ‘  the mocial clioice model was 
obkiiiicd by aci~j~isting the ASCs until  
agrccnient was reached with base year 
stlrl’ey results. 

- _  1 lie modal split based on tlie MRT fare of 
Rs 6.00 ( I098 prices) is given in Table 2. 
As seen liom the table, tlie total pi-o,jected 
intra city trips in Delhi in the year 2005 
would be 15.57 million of which 22 % 
would bc c.arricd by private transport, 66 %I 
by buses ancl 12 O/o by MICI‘S gives a 
moclal split 01’ 78 96 in  I’iivotir 01’ public Pigm 3 :.Gpnu?n uiNcn-\diidc(hni~ inpr  2UUI 
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width) by commuters from \diicle and 
non-vehicle o\vning groups respectively. 
At a flat of' Rs 6 00, the numbers of' 
passengers predicted to transfer to MRT is 
sho\vn by the bandwidths i n  Figiire 4. 

3. FARE ELAS'I'ICI'I'Y 

3.1 Objective 

' fhe objective of the fare elasticity tests is 
to test tlie effect of' different Fares aiitl 1;u-e 
structures on iVl1?.3'S ridership and revenue 
thcre li-om, and on any other factors of 
importance such as bus ridership and 
i,iahility. and iclicl to thc ioad iictworl\. 

'I'he optimum strategy can then be 
determined based on certain criteria. 
Ideally one would want to maximise some 
combination of' tlie follo\+ing revenue, 
profit, ridership, road decongest ion, safety, 

these elements shotild be combined to 
pursue the optimum goal, but the results 
presented here would enable the impact of 
dif'ferent optimization strategies. 

etc. 140 Lltte1npt cvas 1naclc hercl to state how 

Using the calibrated modcls, tests were 
undertaken to  examine the conseq~ieiices of 
applying differeiit fare structures and 

levels. Fare levels per trip ranged from Its 
3/-  to Rs 8/- for tlat Fares. and liom Rs 3/ -  
to Rs I? / -  for graciuated slab Ihres. 

'l'he shortest path algorithm IVLIS used to 
obtain distance and travel tin,,: niatrices foi- 
each mode. 13us fares were calculated on 
the basis of his travel distance and tlie 
current (1 CN8) slab bus fare structure. 
MRT' fares were calculated on tlie basis of 
h4RT travel distance and a variety of MR?' 
fare structure options. Out of pocket 
expenses for travel by car \\.ere basccl on 
perceived running costs, ;IS derived from 
the Stated Prel-krcnce Siirvey. The fhre/cost 
and time matrices t'or the three iiiaiii 
competitive mocks - MR'l', bus and private 
vehicle for the vehicle for tlie vehicle 
owning and non-vehicle owniiig groups - 
were input to the modal choice modul, and 
the nuniber of passengers fimcnst to use 
M I U  was derived. Re\vniie uiitl other 
statistics were then readily calculated. All 
costs are expressed at 1998 prices. 

3.3 Fare Elasticity Results 

Results are shown in '1'ablc 3. Details of 
the slab fare structure are shown in Table 
4. For the range of fares tested, it was 
obscr\*cd tha t  ti)c Iiig!ier the h r c  die grcatcr 
the rerwiuc. 

Table 3 Fare Teesf Statistics 
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'Table 4 Slab Fare Rates 

I I Fares. Ilr I 

A dctailcd annl>.sis sJ io \ i s  that there is a 
h g e  section 01' travellers. fi.0111 \.chicle 
o\i.iiitig groups. \I Iiicli is no t  censiti\ie to 
cost of trai-el in the ranges testcd. \vhile 
tra\*el Icrs fimm iioii-\diicle o\ i  iiiiig groups 
are seiisiti\,c to cost and are responsible fix 
most of' the shift in ridership Tlie breakup 
of ridership on MR'l'S for  the vehicle 
owning and iioii-whicle o\i.ning group is 
presented in Figure 5 and also showii i n  
T'nblc 5 .  

Figure 7 Reimnc & Ridedfp by FIFE Stmctim 
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It is seen that with the MRTS flat fare of' 
Rs 3 the proportion o f  conin1uters from 
Vehicle owning and non-\diicle groups is 
1 : 1 whereas with a flat fare of Rs 8.00 the 
ratio incrcase to 6 : 1 (nppros) showing 
shift of Non \ehicle o\\ning groups to 
buses. 

l h e  t ri p I_ eng t h I: recl ucnc \; I> i s t r i bu t ion. 
Lvith various fare structures is show i n  
Tahle 6. A s  seen from the table. maximum 
passengers tral'cl bct\\cen 6-8lam. 
i i i c s p e c t ~ \ ~  of the Iiuc slructure and the 
minimuin bet\\ een 27-24 liin. rhe 
rmximuni trip Icngth of' 1 1  76 Itni per 
jxissengct is sccii for  :I llat fire of  Rs  6.00 
j'cr trip. 

The maximum passenger kilometer carried 
is when the MRTS fare is a flat fare of Rs 
3.00 per trip as seen from Figure 6. This is 
obious because at low fares non-vehicle 
owning groups will converge to MRTS. 

As seen from Figure 7, the maximum 
revenue of Rs 1714 million is generated 
from the fare box with a slab fare of Rs 4- 
12 which is generated from 1.66 Millicn 
passengers per day in the year 2005. This 
is because the vehicle owning group is 
captive to MRTS and also the particular 
trip length frequency distribution for the 
fare level. 

4. SW!MMING UP 

* Master Plan (1981-2001) assumed a 
modal split of 75 % in favour of Public 
Transport. 

* Stated Preference Survey was conducted 
by RITES in 1998. 

* Logit model was developed based on 
the survey data. 

The model projected a modal split of 78 
% in favour of mass transport with the 
introduction of Modified First Phase of 
Delhi MRTS. 
The analysis showed that vehicle 
owners are not very sensitive to cost of 
travel by MRTS whereas non-vehicle 
owning group are. 
The ridership and passenger kilometre 
of MRTS, from Vehicle Owning & 
Non-vehicle owning groups is in the 
ratio of almost 1 : 1 with a flat fare of 
Rs 3.00 per trip. 
The ridership of MRTS, from Vehicle 
Owning & Non-vehicle owning groups 
is in the ratio of almost 6 : 1 with a flat 
fare of Rs 8.00 per trip. 
Maximum ridership is generated with a 
fixed fare of Rs 3.00 per passenger trip. 
Maximum revenue is generated with a 
slab fare structure of Rs 4-12. 
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Improving urban transportation in Mexico City 
Amelioration des transports urbains ii Mexico 
Mejorando el transporte urbano en Mexico City 

Peter S toveken 
BPI-Consult, Jaakko Poyry Group, Wiesbaden, Germany 

ABSTRACT: Improvement of the environment is one of the main tasks of the government in Mexico City 
District. A large part of the emissions results fi-om the traffic in the city with heavy congestion during the 
peak hours. After analyzing the existing situation a cost-benefit-model was set up to evaluate different meas- 
ures to improve the transport conditions in the city by a) general policies to reduce car use and to shift car use 
to public transport, b) concrete measures to improve the public transport system and c) measures to improve 
the technology. The concrete measures are planned for the “Calzone De La Viga”, an important, 8 km long 
road fi-om the south of the city to the center. Because of the present state of the project the cost-benefit-model, 
the results and the conclusions for other metropolitan areas in developing countries will be presented at the 
CODATU World Conference in April 2000. 

&SUME: L’amelioration de l’environnement est l’une des tiiches majeures du gouvernement du District de 
Mexico. Une grande partie des emissions est g6nCree par la circulation dans la ville, et notamment par les em- 
bouteillages au moment des heures d’affluence. Suite a une analyse de la situation actuelle, un rapport coilts- 
avantages a et6 dresse afin d’kvaluer diffkrentes mesures destinees a amiliorer les conditions du transport 
conditions en ville g r k e  a a) des politiques generales de reduction de l’usage de la voiture et de passage du 
trafic automobile au transport public, b) des mesures concretes d’amelioration du systeme de transport public 
et c) des mesures d’amelioration de la technologie. Des dispositions concrktes sont prCvues pour le (( Calzone 
De La Viga )), une route importante longue de 8 km du sud de la ville au centre. Au vu de l’etat actuel du 
projet, l’analyse coQts-avantages, les rksultats et les conclusions pour d’autres zones mktropolitaines de pays 
en ddveloppement, seront present& a la Conference mondiale CODATU en avril2000. 

RESUMEN: La mejora del medio ambiente es una de las principales tareas del gobierno en Mexico Distrito 
Federal. Una gran parte de las emisiones se debe a1 trafico en la ciudad con una gran congesti6n en las horas 
punta. Despues de analizar la situacion actual se estableci6 un modelo de costo-beneficio para evaluar 
diferentes medidas para mejorar las condiciones del transporte en la ciudad mediante a) politicas generales 
para reducir la utilizacicin del autom6vil y desviar su utilizacibn hacia el transporte publico, b) concretar 
medidas para mejorar el sistema de transporte publico y c) medidas para mejorar la tecnologia. Las medidas 
concretas estan planificadas para la “Calzone De La Viga”, una importante via de 8 km de largo desde el sur 
de la ciudad a1 centro. Debido a1 actual estado del proyecto el modelo de costo-beneficio, 10s resultados y las 
conclusiones para otras areas metropolitanas en paises en vias de desarrollo se presentaran en la Conferencia 
Mundial de CODATU en abril del 2000. 

1 INTRODUCTION 

Improvement of the environment is one of the 
main tasks of the government in Mexico City Dis- 
trict (Departamento de Distrito Federal - DDF). A 
large part of the emissions results from the trafic in 
the city with heavy congestion during the peak 
hours. The public transport is mainly based on a 
very good metro network within the city, but also on 
thousands of midi-buses (peseros) of varying ages, 

which have relatively high pollutant emissions and 
capacity for only 30-40 persons. On behalf of the 
GTZ (Gesellschaft f i r  technische Zusammenarbeit, 
Germany). BPI-Consult worked out different meas- 
ures to improve the transport conditions in the city. 
There are three main aspects to be analyzed: 

a) general policies to reduce car use and to shift 
car users to public transport (e.g. road pricing, 
parking pricing, parking restrictions, time-dependent 
or regional regulation of car use, improvement of 
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public transport, coordinated public transport fare 
and ticketing system) 

b) concrete measures to improve public trans- 
port (e.g. segregated bus lanes, bus priority at junc- 
tions, reduction of travel time, improvement of com- 
fort, coordination between the metro and bus 
system) 

c) technical measures to improve bus technol- 
ogy (e.g. low-emission buses, alternative hels) 

The concrete measures are planned for the “Cal- 
zone De La Viga”, an important, 8 km long road 
from the south of the city to the center. A cost- 
benefit-model has been developed which shows the 
effects of different combined measures (general 
policies, improvements to public transport, improved 
bus technologies) on traffic flow and environment. 

The project started in May 1999 and will be fm- 
ished in early 2000. There is very intensive coopera- 
tion with the DDF, the Mexico City District Minister 
of Transport (Secretaria de Transportes y Vialidad - 
SETRAVI) and the Mexico City District Minister of 
Environment (Secretaria del Medio Ambiente - 
SMA). The results can be used to decide on general 
strategies and implementation on other roads. 

year 2010, 11.6 million of them in the peripheries 
(Figure 1). 

There are several different public transport sys- 
t e m ,  each of them operating independently with no 
common fare and ticketing system and no common 
route and transportation planning. The modal split of 
public transport in the ZMCM and the partition in 
the different systems is shown in Figure 2. 

Eleven Metro lines (1-9, A, B) operate with 
varying degrees of patronage. Two-thirds of the total 
demand is served by the lines 1, 2 and 3. The occu- 
pation level of some other lines is not very high. 
Numerous private companies with small- and midi- 
sized buses play the most important and an increas- 
ing role in public transport. On many streets differ- 
ent companies with midi-sized buses compete with 
each other. At some junctions 900 small- and midi- 
sized buses can be counted during one hour. The ur- 
ban bus system (Routa 100) is in poor condition. 
The buses are old and overcrowded. More and more 
services are being given to private bus companies. 

In Figure 3 the age of vehicles is shown. The 
taxis and small buses are not as old as the private 
cars and normal-sized buses. 26% of all private cars 
and 36% of all normal-sized buses are over 20 years 
old. 

2 URBAN TRANSPORTAION SYSTEM AND 
ENVIRONMENT 

The metropolitan zone of Mexico (Zona Metro- 
politana de Ciudad de Mexico - ZMCM), at an alti- 
tude of 2,200 metres is divided into Mexico City 
(Distrito Federal - D.F.) and 11 surrounding munici- 
palities of the state of Mexico. About 17 million in- 
habitants live in an area of 5000 square kilometres, 
50 per cent in D.F. and 50 per cent in the munici- 
palities. For the last 20 years an enormous urbanisa- 
tion in the peripheries has caused growing transport 
and environmental problems. Current prognoses 
predict more than 20.3 million inhabitants by the 

Figure 2: Public transport in the metropolitan area 

Figure 1 : Population in the Mexico City area Figure 3: Age of vehicles 
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The environmental situation in Mexico City is 
very often bad. Because of the high altitude of 
ZMCM the oxygen concentration is 23% lower than 
at sea level and there is less complete combustion of 
fuel in petrol engines. Moreover, the intense sun in 
the summer months causes high nitrogen oxide con- 
centrations. In the case of inversion weather condi- 
tions, which occur frequently, the self purification of 
the air is impeded. The contribution of transportation 
to this situation is very large (Figure 4). 

3 ANALYSIS OF THE CALZADA DE LA VIGA 
-A 

The analysis area is the Calzada de La Viga. a 
street with a length of 8 km between Fray Terasa de 
Mier and Canal National. The corridor connects im- 
portant development areas in the south-east with the 
center (Figure 5) .  

The Calzada de La Viga is a one-way street, run- 
nig south-north between Canal National and Eje 3. 
The cross sections vary, but the typical division of 
traffic lanes is shown in Figure 6. There are 3 traffic 
lines on each side of a grass strip in the middle of 
the street. The nearside lanes are bus lanes with a 
contraflow bus lane in the north-south direction. 

Formerly the bus lanes were separated off with 
hemispheres, nailed into the asphalt, which could 
only be crossed at very low speed (confibus system). 
But residents and businessmen with shops next to 
the bus lanes raised objections so that the yellow 
hemispheres were dismantled on most sections. 

4 TRAFFIC FLOW ON THE CALZADA DE LA 
VIGA 

Because of the south-north orientation traffic 
problems occur chiefly in the morning. During the 
peak hour between 8 o'clock and 9 o'clock the 
maximum demand is 6000 vehicles between the 
crossings of Rio Churubusco and Eje 6 Sur. The av- 
erage speed is shown in Figure 7. 

The main hindrances for all vehicles are the sig- 
nalled crossings. For buses significant delays result 
from cars being driven and parked on the bus lanes, 
even on the contraflow lanes. Five typical conflict 
situations are shown in Figures 8-12. 

Figure 4: Percentage of pollutant emissions due to 
transportation 

Figure 6: Typical cross section (Calzada de LaViga) 

Figure 5 :  Calzada de La Viga Corridor Figure 7: Average Speed on the Calzada de La Viga 
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Figure 8: Conflict Situation 1) Vehicles turning 
left fiom the right hand traffic clash with 
vehicles going straight on in the left 
hand traffic lanes 

Figure 10: Conflict situation 3 )  Vehicles turning 
right into the main street clash with ve- 
hicles turning left into the main street 

Figure 9: Conflict situation 2) Clearing of the in- 
tersection is hindered by parked cars or 
buses at stops near the crossing 

Figure 11 : Conflict situation 4) Buses on bus lanes 
are obstructed by parked cars 
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Figure 12: Conflict situation 5 )  Buses in bus lanes 
are obstructed by cars driving in the op- 
posite direction 

5 TYPES OF MEASURES TO IMPROVE THE 
ENVIRONMENT 

The main task is to improve the environment. For 
this there exist three different types of measures: 
a) Reduction of traffic quantity, b) Improvement of 
traffic flow, c) Improvement of engine technology. 
Every single measure improves the situation, but the 
most effective way is to combine all feasible meas- 
ures. The network is shown in Figure 13. 

More ennronmentally fnendly 
of  public transwrl power engines 

I ILli I 
1.1 1 

Improvement of the environment 

Figure 13: Network of measures in urban transpor- 
tation to improve the environment 
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Figure 14: Feasible measures to improve the envi- 
ronment 

6 SCOPE OF WORK 

The following individual and combined measures 
for the Calzada de La Viga will be developed and 
evaluated (Figure 14). 

All measures will be analyzed for the Calzada de 
La Viga. For this a cost-benefit model will be drawn 
up to calculate the effectiveness of single measures 
as well as of combined measures. 

Because of the current position of the project at 
the time of writing (September 1999), concrete re- 
sults cannot be described. But at the CODATU 
World Conference 2000 the procedures, the cost- 
benefit-model, the results and the conclusions for 
other metropolitan areas in developing countries will 
all be presented. 
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Road traffic noise characteristics in Delhi urban area 
Las caracteristicas del ruido de trafico por las calles de las Areas urbanas de Delhi 

l? K.Sarkar 
School of Planning and Architecture, New Delhi, India 

R. Rohatgi 
MDP Consultants (Private) Limited, India 

ABSTRACT: In this paper, an attempt was made to conduct a research on traffic noise characteristics in Delhi 
urban area. Major contribution in this research is the determination of Passenger Car Equivalency. The concept 
of Passenger Car Equivalency is that how much a vehicle is noisier than a car. Further attempt was made to 
develop relationship between traffic noise and weighted traffic flow, and between traffic noise and speed of ve- 
hicular traffic using the data collected as a part field survey. 

ABSTRAT0:En esta ponencia se ha hecho una tentativa para llever a cab0 una investigacio’n sobre las carac- 
ter isticas del ruido de tra’fico en las a’reas urbanas de Delhi. La mayor contribuctio’n a esta investigacio’n es 
la determicio’n de la equivalencia del coche pasajero y cuanto ma’s ruideso es un hehi’culo que un coache. 
Adem‘as, se ha hecho un intento para desarrollar la relacio’n entre el ruido de tra’fico y la circulacio’n pon- 
derada entre el ruido de tra;fice y la velocidad del tra’fico vehicular que utilizen 10s datos coleccionados como 
parte de una investigacio’n del terreno 

1 INTRODUCTION 

1.1 Backgroimnu’ 

Noise defined as unwanted or excessive sound, is an 
undesirable by-product of our modern way of life. It 
can be annoying, can interfere with sleep, work or 
recreation, and in extremes may cause physical and 
psychological damage. While noise emanates from 
many different sources, transportation noise is per- 
haps the most pervasive and difficult source to avoid 
in society today. Road traffic noise is a major con- 
tributor to overall transportation noise. Noise from 
road traffic may be regarded as more or less con- 
tinuous sound, which fluctuates from hour to hour 
during the day in almost regular pattern and fiom 
moment to moment with passage of individual vehi- 
cle. Delhi, being the fastest growing city of the In- 
dia, has witnessed tremendous increase in the motor 
vehicle ownership within last decades. The present 
growth of traffic on roads in Delhi is about 12 per- 
cent. This has resulted in high degree of noise levels 
on major arterial roads and feeder roads and even in 
residential areas. The acoustical division of the Na- 

tional Physical Laboratory, New Delhi has found an 
average noise level of over 90 dB during the peak 
hour, seldom falling below 60 dB. 

Among all pollutant due to traffic, noise is unique in 
its spontaneity as it leaves no residual evidence. 
Hence it is given very low priority for control. Much 
have been written on ‘Noise Problem’ with least im- 
plementation effected. Unless the environment is kept 
healthy, safe and calm by applying suitable corrective 
measure, there is a danger that the motor vehicle, 
which is a boon to mankind, might turn out to be the 
worst source of annoyance. Therefore there is a 
strong need to understand the noise problem and its 
characteristics in order to control it and to ensure a 
healthy and calm environment. 

1.2 Objectives of the Study 

Objectives of the study were to assess the road traffic 
noise characteristics, to develop relationship between 
road traffic noise and stream flow variables, devel- 
opment of passenger car noise equivalence and finally 
to assess the reduction in noise due to traffic man- 
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agement schemes. Study brings out the basic under- 
standing of the traffic noise with respect to traffic 
volume, speed and composition and also the contri- 
bution of individual vehicle type in road traffic noise. 
However, the study is confined to road traffic noise 
generation by traffic volume consisting of individual 
vehicle as the source of noise. The effect of road 
surface, gradient and distance is not taken into ac- 
count. Further the findings of this study can be im- 
plied to urban arterial only. 

2 DELHI URBAN AREA: A PROFILE 

2.1 Population Motor F’t.hicles 

Delhi, being the capital of India, is experiencing mi- 
gration of population due to employment opportuni- 
ties resulting in the expansion in all directions due to 
absence of any natural barrier. The growth of popu- 
lation in last decade was about 4.5% and the current 
population is nearly 11 million. The growth of vehicle 
is about 12% annually in Delhi with a total vehicle 
population aggregating to about 4 million. This 
whole vehicle population is being catered to by about 
only 17000 km of radial road network. Traffic vol- 
ume on these major arterial corridors varies between 
25000 - 100000 vehicle/day and the journey speed 
varies between 8.5km per hour to 35 km per hour. 

2.2 Selection of Corridor Data Collectiotz 

All the major corridors were analyzed based on na- 
ture and magnitude of traffic. The Vikas Marg - Ba- 
rakhamba Road was selected for study. This corridor 
has a wide range of variation of traffic. Four survey 
points on these corridors were selected such that the 
factors of interest should vary and all other factors 
like site conditions, gradient, surface etc. are con- 
stant. The Following data were collected for the 
analysis : 
i. Classified Traffic Volume Count 
+ Spot Speed Data 
la Traffic Noise Data from Individual Vehicle 

3 ROAD TRAFFIC NOISE CHARACTERISTICS 

3.1 /,eve/ Time Characteristics 

There are two hndamental characteristics of road 
traffic noise: Spectral Characteristics which is related 
to propagation of noise and was out of the scope of 
this study; and Level-Time Characteristics which is 
related to rise and fall of the noise level. Level - 
Time characteristics can be short term as well as long 
term. Data collected from all the four points were 

Figure 2. Level Time Characteristics- Off Peak Hour 

analyzed and level - Time characteristics were devel- 
oped for peak as well as off-peak hours as shown in 
Fig 1 and 2 repectively. 
The Following points emerged out of this analysis: 
@ LlO levels are fairly constant over daytime, irre- 

spective of peak and off-peak hours. 
L10 level varied from 78 to 85 dB(A), seldom 
falling below 78 dB(A). 
L90, that is the background noise varies from 68 
dB(A) to 72 dB(A). 
Leq ranges from 75 dB(A) to 81.5 dB(A). 
Peak noise levels ranges from 85 dB(A) to 101 

Maximum Peak Noise Levels were observed to 
be quite high, ranging from 104 dB(A) to 114 
dB(A), which can even cause hearing damage. 

e 

0 

@ 

* 
dB(A) 

4 DETERMINATION OF PASSENGER CAR 
NOISE EQUIVALENCE (PCNE) 

4.1 Passenger Cm Equivaletice{PCNE) 
Each vehicle in the stream having mix traffic condi- 
tions has different noise generation characteristics 
than other vehicle and this fact makes the road traffic 
noise problem little complex. In order to understand 
the behavior of road traffic noise, or to understand 
the various relationships, it is necessary to convert all 
vehicles into some equivalence based on their noise 
generation characteristics. The Passenger Car Noise 
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Equivalence (PCNE) of a particular vehicle repre- 
sents that, how many times that vehicle is noisier than 
car. Joyce, Williams and Johnson developed the con- 
cept of PCNE, in 1975.The calculations for PCNEs 
were carried out in two stages. First, the average 
noise level produced by each category of vehicle; 
Data obtained by noise survey conducted in the early 
morning and picking up the instances when only one 
particular vehicle is passing, were used to plot a cu- 
mulative frequency curve as shown in 3, 4, 5 and 6. 
From the plotted curve the 90& and 50"' percentile 
were obtained to determine the average sound level 
generated by the different type of vehicles at the test 
site: After calculating the average noise level gener- 
ated by each category of vehicle, PCNEs were cal- 
culated using following equation. The average noise 
levels in terms dB as worked out with respect to car, 
motorised two wheeler, Three wheeler(Aut0 Rick- 
shaw) and Bus/Truck are 67.1, 72 5 ,  74.2 and 78 re- 
spectively. 

PCNE 

PCNE=(10) (I 671)11 '  

Where 67.1 dB (A) is the average noise level of car 
and L is the average noise level generated by individ- 
ual vehicle. The PCNE values obtained are given 
below with their rounding off 

1 shaw 
1 16 12 

4.2 Table 2. P( 'NE Lhlr4es 

Vehi- Car/ Scooter Auto- Bus/ I cle 1 Van 1 Rick- 1 Truck I 
5 DEVELOPMENT OF RELATIONSHIP 

BETWEEN ROAD TRAFFIC NOISE AND 
TRAFFIC PARAMETERS 

5.1 Road Paflc Noise- Traffic Flow rela fion~hip 

The relationship between traffic volume and traffic 
noise was developed in two stages, first the weighted 
traffic flow (V) for each sample was calculated by 
multiplying corresponding PCNEs and then the rela- 
tionship was developed in the form of linear regres- 
sion equations. The relationship was developed for 2- 
lane and 3 -lane carriageway(one direction) which 
was as follows: 
2-lane (One direction) carriageway 
L10 = 13.98 + 16.04 LoglO(V) - Two-way 
L10 = 18 08 + 14.53 LoglO(V) - One-way 
3-Bane (One direction) carriageway 
L10 = 8.05 + 17.23 LoglO(V) 

Figure 6.Distribution of Cumulative % of Noise of 
Auto-Rickshaw 

V is the Weighted Flow in PCNEHour 
Fig 7 and 8 represent the above relationship. The sa- 
lient features of this relationship are as follows: 

There is a logarithmic relationship between traffic 
volume and traffic noise. 
In the lower traffic range, even the small increase 
in traffic volume causes a significant change in 
noise level. 
Doubling of traffic level causes increase in L10 
value by 4-5 dB(A) and it reduces by same 
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amount if the traffic volume is reduced to half. 
i. Noise levels are lesser in one way streets as com- 

pared to two-way streets. By converting two-way 
street into one-way street we can reduce noise 
levels by 0.S to 2.2 dB(A). 

5.2 Road Paflic Noise- Coniposition Relatiorzship 

The objective of developing this relationship was to 
determine how much each category of vehicle is 
contributing to the road traffic noise. Multiple linear 
regression equations were developed between L10 as 
a dependent variable and logarithmic of number of 
vehicles/ hour (for four categories) as independent 
variables. Following were the equations obtained 

2-lane (one direction) carriageway 

LlO = 27.58 + 2.76 Log Vc + 3.26 Log Vtw + 3.74 
Log Vat + 9.05 Log Vb 

3-lane (one direction) carriageway 

L10 = 24.58 + 2.25 Log Vc + 3.5 Log Vtw + 4.01 
Log Vat + 10.24 Log Vb 
Where Vc- No. of Cars / Hour 

Vtw- No. Of Two Wheeler / Hour 
Vat- 
Vb-No. Of Bus/Trucks / Hour 

No. Of Auto (Three Wheeler)/ Hour 

The above relationship is valid for the following 
composition range: 
Car 25 to 35% 
Two Wheeler 35 to 45% 
Auto (Three Wheeler) 10 to 20% 
Bus/Trucks 10 to 15% 

The salient features of this relationship are as fol- 
lows: 

3 Buses and Trucks are contributing maximum to 
the stream noise; the mode, which is contributing 
next to Bus/Trucks, is Auto Rickshaw (Three 
Wheeler). 

Ir Using the above equations, graphs were plotted 
between % increase in Bus/Trucks composition 
(Keeping Share of other mode constant) and 
noise level, as shown in Fig 9 and 10. It was 
found that by increasing percentage of 
Bus/Trucks by 5%, keeping others constant, the 
noise level rises by 1.3 dB (A). 

Figure 10. BusiTruck Composition (3 lane) 

5.3 Road Traffic Noise- Speed Relatiomhrp 

In primary survey, the data on spot speed of four 
categories were collected in each sample of 15 min- 
utes noise measurements and traffic volume counts. 
The average speed was calculated taking the average 
of spot speeds of all four categories of vehicles and it 
was assumed as the mean stream speed during that 
sample. This assumption was made because in urban 
conditions, the spot speed in a short stretch can be 
treated as mean speed of traffic in that stretch. 
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6 CONCLUSIONS 

Figure 12. Speed- Noise relationship (3lane) 

Using the above collected data, linear regression 
equation was developed for both 2-lane and 3-lane 
(one direction), the equation obtained were as fol- 
lows. : 
2-lane (one direction) carriageway 
L10 = 87.46 - 4.545 Log S 
3-lane (one direction) carriageway 

Where S is the average Stream Speed in KMPH. 
Graphical representation is shown in Fig 11 and 12. 
As seen from the relationship the noise level rises as 
the speed decreases. Further if we double the speed, 
the noise levels reduces by 1.37 dB(A) in 2-lane dual 
and 1.68 dB(A) in 3-lane dual 

L10 = 88.21 - 5.613 Log S 

Impact qf trafic Management techniqzres on 
Tra#ic Mariagement Schemes 

M e r  having made the in-depth study, the relation- 
ship developed was used to test different traffic man- 
agement techniques with view to reducing noise 
level. The following are the results obtained in regard 
to the various traffic management techniques if ap- 
plied on the present arterial road undertaken for the 
study 

Management I Max. v i s e /  
Reduction 

l 2  
113 

frafXc 
Bamng of Heavi Vehi- 1 3 
cle (5% reduction 111 

Heavy Velucle) 
Provision of One-way 1 2 I 
nals. access controls etc 
Segregation of traffic 

1 - 2  
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The study is finally conclusive with the following 
major observations. 
);. By means of traffic management techniques we 

can reduce maximum of 10 dB(A) 
> Existing Noise Levels are quite high, in the order 

of 78 to 85 dB(A), and the traffic volume is also 
increasing at the rate of about 12%. % in Delhi 
and similar urban cities, therefore only Traffic 
Management Techniques will not be able to solve 
the problem alone. 

P There is a strong need to review the other noise 
control techniques and their effect on the sur- 
roundings. 
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Transport policy and environmental considerations 
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RITES, New Delhi, India 

ABSTRACT: The interest of Transport Policy Planners and the Environmental Protection groups are mostly 
in conflict even though both groups claim to meet the requirements of the same section of the society. The 
Environmental Protection Programmes and Environmental laws strive to address long term objectives of En- 
viroiimental Protection and Management. All major transportation projects in India require Environment Im- 
pact Assessment and obtaining environmental clearance. This paper deals with the process of urbanisation in 
India and the various technical, social, political and economic aspects of transport policy aims of the Gov- 
ernments and how these meet the Environmental requirements. It also discusses the environmental setting and 
the economic conditions which played key roles in the delay and subsequent approval of the proposed Mass 
Rapid Transport System (MRTS) for Delhi. 

1 INTRODUCTION 

Modern India’s tryst with Environment can be traced 
back to the Stockholm Conference on Environment 
in 1972 in which India actively participated. The 
awareness on Environment resulted in the enactment 
of the early Acts on Environment, the Indian Wild 
Life Act (1972) and Water (Prevention and Control 
of Pollution) Act, 1974. These Acts supplemented 
the Indian Forest Act 1927, and other provisions in 
Municipal Bodies Act, to maintain hygiene and 
cleanliness in public places. The Air (Prevention and 
Control of Pollution) Act, 1981 and The Environ- 
ment (Protection) Act, 1986 are the other principal 
acts which emphasise the protection of a clean envi- 
ronment. The real thrust on Environment in India 
came to be felt in mid Eighties. The Government 
under the relevant Ministry began formulating na- 
tional standards, emission norms and design criteria 
for environmental parameters which had hitherto not 
found mention in the Bureau of Indian Standards. 
Obviously, the approach was Industry specific. The 
focus, as elsewhere, was on the need to control and 
mitigate air, water, and noise pollution caused as a 
consequence of setting up and operating an industry 
or undertaking a major development project. 

2 ENVIRONMENTAL REGULATIONS AND 
CONTROL PROCEDURES 

It has now become mandatory for all development 
projects including transportation projects to carry out 
Environment Impact Assessment (EIA) and submit 
the report to the Ministry of Environment and For- 
ests and obtain environmental clearance in order to 
establish their environmental and social desirability 
and get approval for the project. An entire range of 
parameters affecting the environment are studied in 
great detail under the appraisal process. Project 
performance is checked against emission stan- 
dards, statutory norms and other established criteria 
for compliance. The Ministry of Environment has 
prepared a set of guidelines for transportation proj- 
ects including rail/road/highways, airports, ports and 
harbour for conducting EIA and preparing Environ- 
mental Management Plan. 

3 URBANISATION IN INDIA 

3.1 Urban Agglomerutions and Populution 
Over the years, there has been a population explo- 
sion in India and rapid urbanisation is taking place 
not only due to natural growth but also from large 
scale migration from rural to urban areas and from 
smaller to larger cities. The main reasons are the 
high population growth, high dependence on agri- 
culture with primitive agricultural practices resulting 
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in low income, meager and fragmented land hold- 
ings, little or no rural development and lack of infra- 
structure and low industrial production. The ten- 
dency of the Government to pay more attention to 
metropolitan cities is also one of the reasons for mi- 
gration in the country, at large. This has com- 
pounded the problem of already bulging urban cities. 
Total number of cities with population of hundred 
thousand and above were only 51 in 1951. This is 
expected to go up from 301 in 1991 to 781 by 2021. 
More than 65% of total urban population presently 
lives in these 301 cities. It has been estimated that 
cities with population of more than a million will 
jump from 23 at present to 51 by the year 2021. 
This rapid urbanisation in India has put tremendous 
strain on the civic services leading to decline in 
quality of life. 

3.2 Intra-city transport and Urban Infrastructure 

With the rise in per capita income, mobility rates are 
increasing. Intra city urban transport demand is in- 
creasing due to three factors: increasing population, 
mobility rate per person and trip length. In addition, 
city roads also cater to a large volume of inter-city 
transport demand comprising originating or termi- 
nating and through traffic. A total demand of 614 
million passenger trips is expected in these cities by 
the year 2021 of which 430 million passenger trips 
will be vehicular modes. It is estimated that by 2021. 
more than 50% of intra-city vehicular trips will be 
catered to by public transport. More than 180 million 
inter-city passenger trips and 17.2 million tonne 
freight traffic are estimated to be generated in 2021 
in these cities signaling a growth of more than 1450/6 
over the corresponding figures for 1994. However, 
the road network in most of the cities is character- 
ised by narrow carriageways, poor surface quality, 
absence or inadequacy of footpaths and low journey 
speeds. This results in traffic bottlenecks and con- 
sequently heavy pollution. 

3.3 Personalised VeYiicles and Mass Transport 

The principal modes of mass transport available to 
commuters in Indian metropolitan cities (except 
Mumbai, Calcutta and Chennai which have well es- 
tablished suburban rail systems) are bus, minibus 
and three wheelers. In Delhi, which has a popula- 
tion of about 13 million, only buses meet the mass 
transport needs. Inadequate mass transport, im- 
proved socio-economic levels and the considerable 
increase in motor vehicle production have signifi- 
cantly resulted in an alarming increase in personal- 
ised vehicles which have reached the proportions o f  

Table 1 .Registered Motor Vehicles In 6 Largest 
Metropolitan Cities of India as on 1996 

City Two Car/ Three Buses,' lotal  
Wheeler Jeep / Othct-s 

Taxi Wheele 

Delhi 1403050 488148 70459 134498 2090155 

Bangalore 498272 95833 25165 351 18 654388 

Chennai 461638 127848 18630 33258 641374 

Calcutta 222069 213890 6304 74254 516517 

Mumbai 246404 2 I9607 261 95 54720 546926 

Hyderabad 410173 61034 19957 28563 519727 

Source: MOST, Government of India 

an explosion as given in Table1 . It could be seen that 
two wheeler population in most cities accounts for 
60-80% of total vehicular population. In India, cars 
and two wheelers have been growing annually at the 
rate of 10-20% and 8-15% respectively. This 
growth can be directly attributed to inadequacy or 
absence of mass transport. The scooter/motor cycle 
ownership is expected to increase from average level 
of 102 in 1994 to 393 per thousand in 2016 and car 
ownership fiom 14 to 48 per thousand population. 

4 TRANSPORT POLICY-AIMS AND 
OBJECTIVES 

4.1 The Planning Process 

Countries, including India, have been competing for 
scarce resources to boost development. Trade, com- 
merce and other economic activities thrive in areas 
where accessibility is high. Adequate means of 
communication are imperative for economic growth 
of a country and transport is recognised as a princi- 
pal factor promoting economic growth. Giving due 
considerations to all these facts, very early in its 
planning process, India took upon development of 
all modes of transport through land, water and air. 
However, transport sector in general and Urban 
transport in particular, has because the priorities of 
water, shelter, employment, and power have been 
overriding and have occupied greater attention of 
governments. Augmentation of urban transport 
systems has not kept pace with high growth in 
population and transport demand. The result is that 
level of service is falling generally in cities. 
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4.2 Transport Policy 

The aim of transport policy in India has been the 
provision of transport to facilitate the efficient op- 
eration of the economic, social and political life of 
the country at the lowest social cost. In practice this 
means assuring adequate transport capacity and effi- 
cient operations to meet the needs generated by peo- 
ples’ activities. The transport policy in India has 
been implemented through regulations and controls 
on fares and operations of the system. Presently, 
this is a controversial area of public policy. When 
India embarked on the process of liberalisation in 
the early 1990s, privatisation and deregulation be- 
came the buzzwords. Thus domestic air space was 
opened for operation by private airlines. In the road 
transport, private sector was invited to join govern- 
ment efforts in providing economical and reliable 
mass urban transport on a much larger scale and on 
very favourable terms. In Delhi, private bus opera- 
tors have been involved in a significant way to sup- 
plement the state owned Delhi Transport Corpora- 
tion (DTC) buses to provide mass transport, even 
though there are pronounced increase in accident 
rates because of the lack of discipline in the private 
bus operators. 

5 URBAN TRANSPORT SCENARIO IN DELHI 

In Delhi, a city with a population of about thirteen 
million, buses are the predominant mode of public 
transport. There is a EMU service which carries only 
1% of projected demand. Figure I depicts the modal 
share in Delhi along with three other metropolitan 
cities of India. Against the authorised strength of 
3500 DTC buses, there were only 2992 fleets avail- 
able with a share of 672 buses running on inter-state 
routes as per DTC statistics of 1998. Nearly 2664 
privately operated buses were contracted to supple- 
ment the existing fleet of DTC; however their num- 
ber has since gone down. By 2001, the passenger 
kilometers to be covered would be around 131.9 
million. With this rate of increase in traffic, the pre- 
sent mass transport system is bound to fail. 

Figure 1. Transport - Modal Share (1 994) 

6 ENVIRONMENTAL CONSEQUENCES 

6.1 Growth of Vehicular population in Delhi and 
its consequences 

The effect of unplanned growth in terms of little or 
no thought to environmental consequences has be- 
gun to daunt the developed and developing countries 
alike. The vehicular population of Delhi, which is al- 
ready very high, is growing at the rate of 0.3niillion 
additional vehicles per year. This is matched by the 
high population growth which is expected to be 14.3 
million in year 2001, 17.1 million in 2006, 19.5 mil- 
lion in 2011, and 21.0 million by 2016 AD. The 
growth of low capacity personalised vehicles is the 
increasing cause of acute road congestion, parking 
problems, fuel wastage, road accidents, and air and 
noise pollution. 

6.2 Air Pollution 

Transport is a major source of environmental pollu- 
tion. Vehicular traffic accounts for 67% of air pollu- 
tion in Delhi. It is estimated that about 3,000mt of 
air pollutants are emitted every day in Delhi. The 
number of air pollutants involved is very large in- 
deed with about 400 compounds emitted by petrol 
and diesel vehicles. 

The Central Pollution Control Board (CPCB), 
New Delhi has been monitoring ambient air quality 
of Delhi since 1987 for Suspended Particulate Mat- 
ter(SPM), Sulphur dioxide and Nitrogen dioxide. 
Table 2 compares the Annual Mean Average for the 
years 1989 and 1997. 

6.3 Other Environmental Problem 

The fact that the Suspended Particulate Matter con- 
tent in Delhi which is primarily responsible for giv- 
ing the City the opprobrium as the fourth-most pol- 
luted city in the world has shown a decline. 
However, the other pollutants have almost doubled 
in less than a decade. The main sources of pollution 
in Delhi are given in Table 3. 

Table 2. Annual average of Dollutants 
Parameter Annual Average- 

pg/m3 
1989 1997 

Suspended Particulate Matter 373 348 

Sulphur dioxide 8.7 16.7 

Nitrogen dioxide 18.5 32.9 

Source: CPCB, New Delhi 
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Table 3 Sources of Pollution in Delhi 
~ 

Source %age contribution 

Vehicular 64 
Domestic 8 
Power Plants 16 
Industries 12 
Source: CPCB, New Delhi 

Deleterious effects of air pollutants is too well 
known; they cause Chronic Pulmonary disease, Car- 
diovascular diseases, and even lung cancer. Mortal- 
ity and morbidity have been associated with in- 
creased air pollution. While there is a solution in 
using alternate fuels such as CNG and in reducing 
led and Sulphur content in fuels to a tolerable level, 
there is no solution to eliminate CO from emissions 
of petrol driven vehicles. The use of electric vehi- 
cles is also not feasible because of high initial cost 
of conversion, limited usage for city conditions and 
also difficulty in manufacturing batteries in such 
large quantities. Discarding of used batteries would 
create problems of solid waste and disposal. 

7 ECONOMIC AND ENVIRONMENTAL CON- 
SIDERATIONS IN SELECTION OF DELHI 
MRTS 

7. 1 Economic Considerations 

In the absence of MRTS, Delhi will need around 
10,000 buses in year 2001 itself. 

With a view to reducing the problems of Delhi 
commuters, Government of India(GO1) and Gov- 
ernment of National Capital Territory of 
Delhi(GNCTD) have launched the Multi-Modal 
Mass Rapid Transport System(MRTS) for Delhi. 

Like that of Singapore Mass Transit Project, 
which had a gestation of some 14 years, Delhi 
MRTS Project also had a gestation period of more 
than 20 years from 1974, when the first planning 
started. Economic considerations played a major role 
in approving the Delhi MRTS; the project was ini- 
tially visualised in early 1970s, conceptualised in 
late 1980s and could take-off only in mid 1990s.. 
This was mainly due to the initial high priority of the 
developing country on food, drinking water and 
shelter through public housing, water supply and 
drainage, free or subsidised meals and other basic 
requirements such as elementary education and pri- 
mary health than projects of this nature requiring 
heavy investments. 

A major factor for consideration in such capital- 
intensive projects is the availability of finances. 

Initially in the feasibility stage of the project( 1989) 
and even in early stages of DPR(l991-95), it was 
thought that the project could be financed by Prop- 
erty Development to a major extent. However the 
idea was rightly questioned by the Union Cabinet, 
otherwise the proposal would have led to further en- 
vironmental problems and project delays, since the 
concept and investment in property development is 
yet to pickup in India and monuments would have 
been constructed without any takers as happened in 
Malaysia. The success of Hongkong need not have 
been repeated in Delhi since the culture of the city, 
income and economic parameters are entirely differ- 
ent. The project had to wait for nearly another five 
years before partial funding(56%) could be obtained 
from Japan’s Overseas Economic Cooperation Fund 
(OECF). 

7.2 Socio-Political Forces at Play 

Any decision on such a gigantic project would per- 
vade every strata of society. India being a vibrant 
democracy, a large number of pressure groups are 
able to bear upon the government their own vested 
interests. Thus the alignment was shifted, modified, 
rerouted, extended or shortened not necessarily for 
technical reasons. The Modified First Phase which 
presently under implementation is a result of factors 
which are also social and political in addition to be- 
ing technical. Another political consideration-the 
idea of “High Speed Tram Project was floated by 
then Delhi Government (1994-95) even as the DPR 
for the project was under final stages of preparation, 
and put back the sanctioning of the project atleast by 
one year. 

7.3 Environmental Considerations 

All major transport projects require environmental 
clearance from Ministry of Environment and Forests 
(MOEF). A detailed Environmental Impact Assess- 
mcnt was made and a comprehensive report clearly 
brought home the environmental advantages of 
having such a project, for a city like Delhi with ex- 
isting high pollution load due to vehicular traffic. 
Table 4 shows the levels of air pollution with and 
without MRTS. It is estimated that the level of air 
pollution will become one and a half times in 2001 
than that of levels in 199 1. 

7.4 Rehabilitation of Project Affected People 

The construction of a mega project like the MRTS, 
Delhi right in the heart of the city and passing 
through residential, commercial and environmentally 
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Table 4. Estimated Air Pollution Levels in 2001(Todyear) 

Pollutant 191 2001 

Without With 
MRTS MRTS 

Carbon monoxide 167,345 230,714 193,764 

Paiticulate Matter 14,086 26,170 26,008 

Sulphur dioxide 5,414 9,989 9,829 

Nitrogen oxide 33,847 61,384 59,510 

Hydrocarbons 28,285 49,943 46,703 

Total 248,977 378,200 335,814 

Source: RITES,EIA for MRTS, Delhi, 1995 

sensitive areas has posed its own set of challenges. 
The first impediment is the resettlement and reha- 
bilitation of Project Affected People (PAP). The 
general policy of the Government so far had been to 
provide monetary compensation in lieu of lost land. 
However, in this project the government has made a 
conscious decision to take all necessary steps and 
provide financial and material help along with land 
and other supportive infrastructure for the rehabili- 
tation of Project Affected People. Acquisition and 
relocation of religious structures enroute the align- 
ment was another sensitive issue which required deft 
handling. 

7.5 Project Details 

The present proposal of a modified first phase of the 
Delhi MRTS project will cost approximately INR 
48600 million (at April 1996 prices) and will com- 
prise a network of 11 km underground(Metr0) along 
with 44.30 km of elevated/surface(Rail) corridors. It 
will have 45 stations in all. An estimated sixty thou- 
sand passengers per hour per direction will be car- 
ried by MRTS, Delhi with a headway of three min- 
utes. The first section, elevated/surface corridor of 8 
km length is planned to be commissioned by March 
2002. 

7.6 Environmental Corisidercctions cluriiig Con- 

While it is easier to anticipate impacts and plan 
mitigation for the three phases of project cycle 
namely project design, siting and operation it  is 

struction 

relatively difficult to predict construction related 
impacts in view of the number of imponderables in- 
volved. Moreover, construction impacts being tem- 
porary in nature were not given the attention they 
deserved in India even though the adverse effects of 
construction related impacts has been addressed to in 
Europe and America for quite sometime now. As 
awareness in India is growing on negative long-tern 
construction related impacts; environmental design 
and control criteria have become a focus of increas- 
ing attention of environmental planners, statutory 
government enforcement agencies and the public 
alike. However there is a total lack of any criteria 
which can form the basis of an Environmental Con- 
trol System to predict, monitor and control adverse 
impacts and, together with auditing and reporting 
procedures, help establish key components of an 
Environmental Management System. The MRTS 
Delhi is likely to throw up a number of environ- 
mental challenges during construction. It became 
imperative to anticipate critical issues in light of ex- 
perience from other south-asian countries and de- 
velop a project specific environmental criteria for 
this project. To this extent Delhi MRTS Project can 
be considered a pioneer in applying construction re- 
lated environmental controls. Thus, the main re- 
quirement during construction to monitor and con- 
trol the pollution on noise, air and water and manage 
effectively construction related liquid and solid 
waste shall be met through Contractual obligations. 

8 CONCLUSION 

Environmental considerations have played a key role 
in formulating the future transport policy since by 
signaling the Delhi MRTS project, the planners and 
decision makers have demonstrated their under- 
standing and concern for deteriorating urban envi- 
ronment and the need to reverse the process. This 
has sent a clear signal to other state governments to 
adopt MRTS or LRT as a means of future transport 
in other metropolitan cities such as Hyderabad, 
Pune, Bangalore, Kanpur, Lucknow and many oth- 
ers, which face problems similar to Delhi. A con- 
scious decision to adopt an environmentally friendly 
mode of transport is a manifestation of a significant 
change in the mindset of transport policy planners in 
India. 
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of trends and of sustainability appraisal 
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R E S U M  : On connait peu la mobilite urbaine et son 6volution dans les villes en dtveloppement. De 
multiples obstacles limitent la qualitk de l’information disponible. Trois exemples sont donn6s de villes 
(Dakar, Tunis, Sao Paulo) oh un effort d’enquete a Ct6 men6 mais oblige 2i des interrogations pour en 
interprtter les r6sultats. Ce travail d’analyse et de recoupement des donn6es est une n6cessitk pour fonder 
toute d6marche se prioccupant d’une politique durable i d g r a n t  l’environnement. 

ABSTRACT : One knows few things about the mobility and its evolution in developing cities. There are 
multiples obstacles limiting the quality of information. One considers three case of cities (Dakar, Tunis, Sao 
Paulo) where comprehensive surveys were implemented, with results which call for analysis and debate for 
their interpretation. These tasks of analysis and consistency checking between multiple data are very 
necessary for any approach of sustainability integrating environment concern. 

The knowledge of urban mobility is weak in 
developing cities as we can observe through many 
examples. The absence of appropriate information 
seems to be the rule. This situation is contrasted with 
the case of developed cities like in France where 
many surveys bring information on mobility 
behavior of various groups and on the global 
mobility level in the cities, even with some doubtful 
data. The question of sustainability gives new 
reasons to advocate the need to design a good 
information system on mobility and its modal 
components, though developing cities are confronted 
to resources scarcity. 

We will examine some classical difficulties for 
building a data basis on urban transport, and we will 
consider the appraisal of the mobility evolution in 
cases of Dakar, Tunis and Sao Paulo, considered as 
examples of the methodological difficulties to 
interpret the available data. On this basis we want to 
insist on the caution one has to have in analyzing, 
debating and concluding about the sustainable trends 
of urban transport systems. 

DIFFICULTIES TO IMPLEMENT 
A DATA BASIS 

The difficulties of knowing mobility pattern and 
level come usually from many factors, among them : 
cost of surveys, rapid changes in  mobility shapes 
and in transport supply, insufficient concern of 
institutions. 

More precisely, one can refer to the experience of 
building urban transport indicators in some western 
african cities conducted in 1998 by Sitrass, one 
network of researchers and experts working in Sub- 
Saharian Africa. One can observe a set of difficulties 
which limit the possibility of using these indicators 
from a sustainable way, ie for helping the 
observation of the evolution of the urban transport 
sector, in order to appraising the efficiency of passed 
action. The obstacles one had to overcome can be 
summarized from the following way : 

- No availability of wanted data : no statistical 
memory by the institutions in charge of the sector 
; changes of institutionnal organization ; trend to 
a personal management of data and reports so that 
each responsable, when he leaves for another job, 
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does not left available the documentation he had 
in charge ... 
No location (library or something like) where 
reports and data are gathered and managed for 
being accessible to whom needs. Documentation 
is left to the attack of natural elements, or to the 
robber, visitors who take documents without 
return.. . 
Available data are often too old, without correct 
updating. We have many cases where old data are 
used in reports 10 or 15 years after, although 
everyone knows or should know they are very far 
from the present situation. 
Persons in charge of a wanted information are not 
very accessible by the indicators responsable. 
One knows the information circulation is very 
bad. That means there can often be a volontary 
attitude to refuse to give the available information 
and make it public. That comes from the idea 
there can be some power in the information, and 
it must be paid from a manner or another. 
administrative obstacles : one must apply a very 
formal procedure for getting the information 
(request addressed to the Director, with a very 
Iimited hope to get an answer in a correct 
deadline 
No consistency or adaptation of some indicators 
usually used in the international middle shaped 
by developed world approach. The better 
example is the indicator : number of buses for 
1000 inhabitants , out of scope in cities where the 
transport supply is made with numerous low 
capacity vehicles. 
Weak involvement or attention given by 
administrative responsable for data basis and 
indicators because they are busy with more 
immediate stakes. 

The production of indicators for different time 
periods is necessary to check the evolution and 
eventually to manage it  towards the objectives of 
improving the transport efficiency and to improve 
the mobility conditions. But the observation is one 
cannot produce meaningful indicators reflecting the 
real evolution from year to year. For instance the 
minibuses fleet in Dakar is presented in official 
documents as amounting around 2000 to 3000 
vehicles, with the same estimation in 1992 and in 
1998. 

The comparison between cities situation based on 
standardized indicators is useful for a good appraisal 
of the transport sector state, its efficiency and its 
sustainability. Nevertheless, there are many 
methodological questions, which can limit or cancel 

the learnings of the exercise if they are not solved. 
Mistakes can therefore be made in diagnosing the 
situation of the transport system in a city. 

QUESTIONS ON THE MOBILITY LEVEL 
AND ITS EVOLUTION 

Debate on mobility level is directly involved by 
sustainability concern. Is mobility level necessary to 
increase for social reasons? Has it to decrease for 
decreasing the environmental pressure? Is it possible 
to increase non motorized mobility only? The 
answer should involve the consideration of trip 
length besides the number of trips but this more 
detailed information is more rarely available. One 
limits in this paper the approach to the trips number. 

If the mobility is difficult to be appraised for a given 
period, one has some cases where an effort has been 
made, offering useful information. But if one 
considers the sustainability concern, one has to try to 
estimate the trends in the mobility level, in its 
structure determined by the urban expansion and the 
modifications of the population, the way of life, the 
economic context, the transport supply.. . This 
estimation of trends is more difficult and weak in 
developing cities. 

In many cities there is no available information on 
the mobility level. In other many cities we can have 
only one survey impIemented during the recent 
period, since 1970 or 1980, thanks to the planning 
studies. But the information is often old and difficult 
or impossible to use for a diagnosis in Year 2000. In 
a limited number of cities, one has available 
observations for two or three years during the 
period, which permits comparison and analysis of 
the evolution. Unfortunately new methodological 
difficulties appear again for the interpretation of the 
observed evolutions. From a summarized way, one 
has to wonder if the evolution in the mobility level is 
the reflect of the reality or the reflect of differences 
in the manner the surveys were designed and 
man aged. 

DAKAR CASE 

Dakar is a pilot-city in the urban Sub Saharian 
African Transport Programm (SSATP) managed by 
the World bank.. The first urban transport project 
was launched in 1997, one of the major components 
was the creation of Cetud, acting as an organizing 
authority. A set of studies in  all the aspects of the 
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urban transport policy were implemented, mainly on 
the organization of public transport. The major study 
dealt with <<the organization of public transport, the 
definition of the network to be franchised, and the 
ability to pay >>. This study made by Systra (1998) 
aimed to propose a scheme combining the roles of : 

- the urban train (PTB) 
- the buses (an urban network and a set of suburban 

lines) 
- the artisanat sector of minibuses and shared taxis. 

The basis for the scheme design is the knowledge of 
the mobility, which was considered through O/D 
matrix and modal share for the year of study. As the 
study deadlines were very short, the consultant used 
an adapted survey approach characterized by 
rapidity and lightness : one implemented surveys on 
street with a sample of representative points in the 
conurbation. This methodology was useful for 
knowing the present state of public transport use, 
nevertheless it  was affected by biases for knowing 
the mobility structure and level for the whole 
population : the potential bias comes from the fact 
one registers with a higher probability the mobility 
of mobile persons, and people without mobility are 
not taken in account.. 

Only a home survey on a representative sample can 
give a complete estimation of the mobility, but one 
knows the multiple obstacles to the implementation 
of these surveys : cost, rigidity and complexity, long 
time period for getting useful results. 

Such a survey is designed in Dakar, under the Cetud 
responsability, with help of Inrets and Let experts. It 
has been prepared for many years, since 1996, but 
has been submitted to funding uncertainty and break 
in the preparation, as its implementation has been 
postponed twice. It was planned to be implemented 
in the period of december 1999-february 2000. 
Paradoxically this survey comes after the set of 
studies aiming to designing the scheme of transport 
organisation in Dakar, and not before. That comes 
from the difficulty of coordinating studies funded by 
various institutions, and also from the classical 
argument of the emergency and the necessity to 
decide rapidly. 

This home survey should bring many information on 
mobility behavior linked to urban activities and to 
accessibility to urban services, so that to explore the 
present expressed needs but also the latent demand 
which cannot be satisfied because inadequate 
transport supply. It will highlight the debate on 

mobility level and the sustainable ways to meet the 
needs in the multimodal system. 

Systra has estimated the average mobility level to 
2,3 trips by person (more 5 years) by day, among 
them 1,3 motorized trips, to be compared to 1980 
level which was estimated to 1 : ther would be an 
increase of 30% of individual motorized mobility, 
despite of the economic crisis. One can wonder if 
this level is not overestimated, considering the 
available information on the transport system in 
Dakar. The comparison between the estimated traffic 
in the different modes and the results of this survey 
suggest the overestimation of motorized mobility 
and may be the underestimation of walking. 

This debate is important from the point of view of 
the project financial viability, as the urban bus 
network franchising call for tender was based on 
these estimations of patronage. The risk for a private 
operator comes from the fare receipts and the 
expected patronage able to pay the fares, in a 
competition scheme with minibuses operators. 

It is important also from the point of view of global 
sustainability, for having a good image of the 
present situation which has to be compared with the 
situation to be observed in 5 or 15 years for 
appraising the evolution and checking if it is in the 
right direction, for environmental or social concern. 

TUNIS CASE 

Tunis case is interesting because transport policy 
was made in favor of public transport, with the LRT 
operation since 1986(five lines in operation now). It 
has been combined with a traffic scheme which 
limits the private car in the center. 

One benefits in the Tunis case from households 
surveys implemented in 1978, 198.5, 1994. The 
global mobility level estimated would decrease 
strongly if one consider the global results : the 
mobility level (walking included) was estimated to 
3,37 in 1977, 2,06 in 1985, and 1,76 in 1994. Many 
explanations have been given for this surprising 
results of decreasing mobility when level of life and 
motorization are increasing : evolution of peripheral 
areas, location of schools, increasing the gap 
between social groups, change in the age pyramid, 
and so on. 

Nevertheless the 1994 survey has been submitted to 
questions dealing with the adjustments factors 
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between the sample and the whole population. There 
has been probably many bias, which have not been 
clearly identified. This has conducted the consultants 
preparing the transport master plan to select higher 
hypotheses of mobility : the rate of dayly trips which 
is used in this study, based on traffic counts, is 1,2 
trips compared to the household survey estimation of 
0,87. 

Actually the main question is the balance between 
public transport modes and private car. The previous 
mobility estimations do not give the same image of 
the increase in the car use and in the efforts to be 
made for keeping the first role in the mobility 
system to the public transport system. The official 
objective of the policy was to maintain the public 
transport priority, with a share of 55% of tips. But 
forecasts based on trends show this share could 
decrease to 40 to 45%. The debate has direct 
consequences on the investments which are 
programmed in the sector. 

SA0 PAUL0 CASE 

Sao Paulo represents a very large conurbation, 
concentrating industry and offering high incomes for 
a part of population. Its transport system is based on 
bus operators and a metro, but the increasing car 
ownership pushes to the increase in car use in daily 
mobility, which involves difficult congestion 
problems. 

In Sao Paulo were implemented household-surveys 
in 1977, 1987 and 1997. It is a source of analysis of 
the mobility and the modal use evolution. The 
results are surprising on some points so that one 
wonders how to interpret them. In 1987 one had 
observed a stagnation or light decrease of motorized 
mobility compared to 1977 situation. In 1997, the 
first results suggest the same fact is registered with a 
light decrease in the motorized mobility : estimation 
of 1,23 daily trips by person in 1997, compared to 
1,32 trips in 1987. It is too early to have a good view 
on these parameters which have to be confirmed 
after the adjustments of data. Beyond the mobility 
indicator there is the change in the modal share and 
the increase of private car share in the mobility: 
40% in 1987.46% in 1997. 

The main point deals with the necessary detailed 
analysis of the mobility patterns for appraising the 
share to be given to the evolution of behavior, to the 
evolution of urban structure and to the sampling 
difficulties in such surveys, as we observed in the 
previous cases.. 

NECESSITY OF MULTIPLE SOURCES 
OF INFORMATION 

The effort in favor of adapted surveys 
implementation has to be complemented by efforts 
of analysis, based on treatment of various sources of 
information. It is a necessary condition if one wants 
to have a sound debate and correct design of 
solutions which can have a chance to be sustainable. 

The only way to cope with the difficulties of getting 
a good information on mobility and modal use is to 
multiply the sources of information and to analyse 
them so that to find progressively their consistency, 
by adjustments of the data. 

The sources are : 

- Mobility surveys, at home or elsewhere 
- Households consumption surveys where transport 

expenses appear 
- Patronage and revenues of transport operators : 

the revenues of operators are the expenses of 
households 

- Traffic counts where the intensity of traffic is 
measured and the relative importance of each 
mode. 

- Vehicles fleet 
- Gazoline consumption 

E NV I R 0 N M E NTA L S U STA I NAB I LI TY 
AND MOBILITY INFORMATION 

A right appraisal of urban mobility and its evolution 
in a city influences the projects diagnosis and their 
financial feasability : i t  conditions finally the 
evaluation and decision of the investments projects, 
even if many other factors are taken in account. 

The new concern with the environment calls for new 
and accurate measures of pollution emissions, and 
one guesses many problems of measures and 
interpretation can appear. It is necessary to 
distinguish two types of environment concern, the 
indicators and the measures problems being very 
different : 
- local environment and particularly the pollution 
- green house effects, called to be considered more 

and more on the international scene. 
Anyway this concern for environment calls also for 
a better view of the mobility and transport system 
making possible a better action. This is true for the 
local pollution level, but also for global pollution 
with green house gaz emissions. In this second level, 
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the global approach of mobility and modal usage is 
of first importance. That is why a necessary step is 
to reinforce the knowledge about mobility and its 
measure, in developing cities like in developed 
cities. 
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ABSTRACT: The recognition of the contribution of vehicular emissions to atmospheric pollution has led to 
much research and inventory build up particularly in the industrialised countries. Consequently, emissions 
data for use in planning analysis is readily available in there, but in the vast majority of developing countries, 
Kenya included, and this is not the case. It is generally accepted that due to a variety of factors, the emissions 
rates for vehicle fleets in developing countries are higher than those of similar vehicles in developed coun- 
tries. These factors include poorer maintenance conditions, the longer service life and the amount of load the 
vehicles have to cany. However, there is hardly any prior research aimed at trying to cost effectively estimate 
the actual emission parameters in these countries. This paper proposes a new approach that has been devel- 
oped and applied to estimate emission coefficients for CO, HC and NOx in Kenya. The main premise of this 
approach is to acceptably estimate adjustment factors with which emissions coefficients from industrialised 
countries can be modified to suit the vehicle fleet in a particular developing country. Descriptive data which 
included age, make, country of manufacture and the presence or absence of emissions control equipment was 
used to classify vehicles into various technology layers. Each layer was associated with a specific emissions 
rate, which was then modified by maintenance, age and mileage and loading factors to estimate the Kenyan 
situation. The maximum values of the adjustment factors were derived based on literature, theoretical frame- 
work and on empirical data obtained using a floating vehicle in Germany. These values represented the worst 
case scenario and two other scenarios were built with lower values. The Kenyan situation was thought to be 
best described by the middle scenario. Emissions coefficients for Kenyan vehicles were estimated to be up to 
two to three times higher than typical values in industrialised countries (for Germany up to two times). It was 
not possible to directly validate these emission values but as a good indicator, comparison of the actual fuel 
consumption data was done between vehicles in Kenya and those in Germany under similar driving condi- 
tions. It was found that the consumption rates in Kenya were also significantly higher (up to 65% higher), 
thus lending credence to the estimated factors. It was therefore concluded that, whereas the proposed method 
is not expected to estimate emission rates with a high accuracy, it could nevertheless give acceptable results 
for use in countries devoid of emission inventories. 

1 INTRODUCTION 

Air pollution is an important public health problem 
in most major cities in developing countries and 
pollutant levels in a majority of these cities exceed 
those recommended by the World Health Organisa- 
tion. Epidemiological studies show that air pollution 
in developing countries results in serious health 
complications and deaths which translates into huge 
sums of money in health costs and lost productivity 
each year (Faiz 1996). The economic losses and the 
associated degradation in quality of life impose a 
significant burden on people in all sectors of society 
and especially the urban poor. 

In the less industrialised nations, motorised transport 
is the dominant source of urban air pollution. It is 
estimated that transport account for 90% CO, 
50%HC 50% NOx and 50% lead emissions although 
these values may vary with location. This problem is 
compounded first and foremost by the fact that in 
most but poorest developing countries, economic 
growth has triggered a boom in the number and use 
of motor vehicles. Secondly very little is being done 
to encourage a balanced mix of transport modes 
consisting of both motorised and non-motorised 
modes as well as private and public transport. 

Developing countries unlike the OECD countries for 
example have unique and chaotic factors, which 
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negatively influence their pollution problem both at 
the present time and in the future. They are charac- 
terised by high and correlated rates of motorization, 
urbanisation and population growth. It is predicted 
that by the year 2005 the world will be over 50 % 
urbanised and 80% of the world population will be 
living in developing countries. In addition the vehi- 
cle fleet is comparatively old and there is lack of 
consistent inspection and maintenance of vehicles. 

The recognition of the contribution of vehicular 
emissions to atmospheric pollution has led to much 
research and inventory build up particularly in the 
industrialised countries. Consequently, emissions 
data for use in planning analysis is readily available 
there, but in the vast majority of developing coun- 
tries, Kenya included, and this is not the case. Re- 
searchers in the latter countries are therefore faced 
with a dilemma of what emission coefficients to use, 
whether or not to use those from developed coun- 
tries and if so from which country. 

It is generally accepted that due to a variety of fac- 
tors, the emissions rates for vehicle fleets in devel- 
oping countries are higher than those of similar ve- 
hicles in developed countries. These factors include 
poorer maintenance conditions, the longer service 
life and the amount of load the vehicles have to 
carry. In order to accurately establish the emission 
characteristics of vehicles in a pai-ticular locality, it 
is necessary to carry out actual emission measure- 
ments. However, due to monetary constraints this 
will still remain undone in many countries for a con- 
siderable time to come. The question is what can re- 
searches do in the meantime? 

This paper proposes a method, which can be used to 
quickly and cost effectively estimate the emission 
coefficient for developing countries without any ac- 
tually measured emission-inventories. The main 
premise of this approach is to acceptably estimate 
adjustment factors with which emissions coefficients 
from industrialised countries can be modified to suit 
the vehicle fleet in a particular developing country. 
Descriptive data which included age, make, country 
of manufacture and the presence or absence of emis- 
sions control equipment is used in this exercise as 
they are readily available or can be easily deter- 
mined. The pollutants considered are carbon mon- 
oxide CO, hydrocarbons HC, nitrogen oxides NOx 
and lead Pb. 

The paper is divided into five sections the first being 
this introduction. The second section outlines vari- 
ous steps covered and in the method and the data re- 
quirements. The third section shows how the meth- 
odology was applied in Kenya and describes the 
collection of data necessary for this exercise in 

Kenya. Results including typical emission coeffi- 
cients for Kenya are presented in section four. Dis- 
cussions of these results and some international 
comparisons are also given in this section. Lastly 
conclusions and recommendations are give in the 
fifth section. 

2. TRANSFER METHODOLOGY 

2.1 Overview 

Vehicles in developing countries come mainly from 
Europe, Japan or the United States which account 
for 70% of the world sales of cars and light com- 
mercial vehicles less than 5 tonnes (Madhavan, 
1998). Several indigenous vehicle manufacturers are 
coming up in developing countries particularly in 
India, South Korea, Malaysia and China although 
most of these are done in partnership agreements 
with established manufacturers in industrialised na- 
tions. Further still, the market share of such indige- 
nous vehicles are still comparatively low. 

Most developing countries either directly import 
motor vehicles or manufacture vehicles under li- 
cense from established fKms in industrialised na- 
tions. Where the later is the case, in most cases how- 
ever, vehicles are still manufactured in accordance 
standards of the home country of the firm. This is 
because either the host countiy does not have its 
own standards, or the existing standards in the host 
country are less stringent than those of the firm. It is 
important to add that standards used by firms in the 
host countries at any one time do not necessarily 
coil-espond to the latest ones existing in their home 
countries. 

Those developing countries with some emission 
regulations are basically using boil-owed standards 
from those industrialised countries with which they 
engage in most trade or have historical ties. It is 
therefore a common trend that some Asian countries 
derive their standards mostly from Japan or the USA 
and South American countries from the US and 
Europe. Most African countries do not have any 
standards although their vehicle fleets are composed 
mainly of western European and Japanese makes. 
Consequently, most vehicles all over the world can 
be classified as having been manufactured under ei- 
ther west European, Japanese or American legisla- 
tion and technology. 

The process of transferring emissions data from in- 
dustrialised countries to developing ones would 
therefore involve the following: 
Division of vehicles into dlfferent layers represent- 
ing different technologies under which they were 
manufactured: 
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Obtaining a base emission rate for each layer. The 
base emission rate is taken as the typical emission 
rate for that technological layer in its home countiy 
(or region); 
Adjustment of the base emission rates for poorer 
maintenance conditions, age and mileage factors and 
loading factors. 

2.2 Division of Vehicles into Layers 

A layer refers to a group of vehicles manufactured 
under a certain emissions legislation that limits the 
emissions of one or more pollutants. Each type of 
vehicle (private car, light duty trucks, buses, heavy- 
duty trucks and motorcycles) can be classified into 
layers reflecting the emissions legislation they were 
manufactured to. Emission legislation started way 
back in the 1970s and since then they have become 
even more stringent. An example for gasoline cars 
category is given in the table 1 below. 
Each layer coi-responds to a different standard, al- 
though not necessary all the standards are included 
as some were superseded with new ones before they 
could take effect. An example is the ECE 83 which 
in practical terms was not implemented by any 
European country in anticipation of the adoption of 
the consolidated emissions directive (CONCAWE 
1994) Depending on the age and make or the source 
country, the vehicle fleet in any country can there- 
fore be classified into these layers and the proportion 
of vehicles falling into each layer fl determined. It 
can be seen in the above table that for prognosis of 
future emissions, layers not yet implemented should 
also be included but they remain inactive in the 
analysis of the present situation. For such classifica- 

tion, only basic data about age distribution, make of 
vehicle and country of origin are needed. 

2.3 Base Emission Rates 

The base emission rate for any layer is the typical 
emissions for vehicles in that layer for the specific 
regulatory, vehicular and traffic conditions prevail- 
ing in its home country or region. 
They represent traffic conditions (age distribution, 
maintenance) of the respective country of origin and 
are assumed to be representative of all vehicles in 
the layer. Data for these rates are readily available in 
most industrialised nations but emissions from vehi- 
cles in the same layer in developing countries are 
expected to show considerable deviations from them 
due to factors already mentioned. 

For the purposes of this study, data used was from 
European and Japanese sources. The fleet of vehi- 
cles in Kenya is composed of vehicles from Japan 
and the European Union and there was no need to 
include the American data. From Europe, detailed 
data for each of the technological layers were ob- 
tained from Umweltbundesamt UBA, 1994 in Berlin 
(German situation) as well COPERTII report (Com- 
puter Program to Calculate Emissions from Road 
Transport, 1997) which aggregates vehicular emis- 
sions for several European countries. Data from Ja- 
pan was obtained from the Environmental Agency of 
Japan JEA, 1994 and Japanese Automobile Manu- 
facturers Association JAMA, 1998. Fur-ther infor- 
mation is also available from the COPERTII repor-t 
for vehicular emissions in several European coun- 
tries. 

Table 1: A comprehensive list of possible technological layers for gasoline cars 
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The data is in form of emission rates for different 
vehicle types manufactured under different regula- 
tions. The UBA data gives emissions for year 1980 
through to 2010 for specifically defined traffic 
situations that correspond to driving at certain 
speeds for the urban traffic. COPPERTII repoi-t 
gives emissions as a function of speeds for the dif- 
ferent pollutants whereas JAMA data gives typical 
emissions at various speed ranges. 

2.4 Adjustments for Maintenance Condition, 
Age/Mileage, and Loading 

2.4.,1 Maintenance 

Routine inspection and maintenance largely affect 
the emissions from motor vehicles and where they 
are not in place, common problems such as idle 
mixture, ignition, timing choke and induction system 
malfunctions occur, and these significantly increase 
emissions. Direct relationships between emissions 
and the maintenance condition do not exist but there 
are clear trends that emissions can increase many 
times over for some pollutants if proper inspection 
and maintenance conditions are not in place. 

Since the 1970s and early 1980s when much re- 
search was done to quantify the merits of mandatory 
inspection and maintenance programs, there is 
hardly any further reported work on the subject. 
Klausmeier 1980, reported that HC and CO emis- 
sions from vehicles with defective fuel systems can 
be twice as much as for those in good order and that 
reductions in pollutant emissions by regular inspec- 
tion and maintenance was also dependant on the 
type of mechanic among other factors. Repairs done 
by owners themselves (and other mechanics with 
hands on experience only) might even have a nega- 
tive effect on the emission reductions. 

Among uncontrolled vehicles, differences in HC and 
CO emissions between properly adjusted and main- 
tained engine and one that is poorly adjusted can 
amount to a factor of four or more. CO emissions 
can increase by u p  to 400 % through normal drift of 
engine settings between routine services ( Faiz, 
1996). In addition, malfunctions of or tampering 
with emission control equipment can cause emis- 
sions to rise up to 20 or more times (Faiz, 1996). 
Other earlier reports (Klausmeier, 1980, TUV 
Rheinland, 1979) gave similar trends but with 
somewhat lower factors for older vehicle models. 
Consequently, a ceiling factor of 2.5 for vehicles in 
bad condition looks reasonable. 

2.4.2 Age and Mileage 

Emission factors generally increase with age and 
mileage due wearing out of engine components. 

William and Everett, 1983 reported some coxelation 
for the increase of CO and HC emissions for vehicle 
brands manufactured between 1971 and 1982. 
Similar studies in Germany (Hassel, 1995) found 
strong correlation for vehicles fitted with regulated 
catalysts and concluded that the emissions for CO, 
HC, and NOx would practically double by a mileage 
of about 120,000 km. 

For uncontrolled vehicles or those fitted with un- 
regulated catalysts, such correlation, if they exist, 
are expected to be lower mainly due to the fact the 
air fuel mixture for stoichiometric is not controlled. 
However electronic control devices for stoichi- 
ometric have been used for Japanese vehicles since 
1970s (Faiz, 1996, JAMA 1998) and these are capa- 
ble of reducing emissions even in the absence of 
catalysts. As a result, vehicles using such gadgets 
with or without catalysts are also expected to show 
consistent deterioration of emissions with age. 

Adjustment factors for age would therefore depend 
on the layer in consideration with sensitive ones 
(e.g. with regulated catalytic converters) having 
higher values but insensitive ones remaining un- 
changed. To simplify the exercise, one encompass- 
ing factor with a maximum value of 1.5 is suggested 
for all vehicles with the average for any traffic 
situation depending on composition of its layers. 

2.4.3 Loading 

When vehicles are heavily loaded, they require more 
power for motion and consequently consume more 
fuel thus producing more emissions. The base emis- 
sion rates assume average loading patterns but on 
the contrary, the situation in many developing coun- 
tries is such that most vehicles, particularly those 
used for passenger or for goods transpoit, are heav- 
ily loaded. Worse still is the situation in most Asian 
countries where many vehicle derivatives transpor-t- 
ing many passengers are often fitted with only a 
motorcycle engine (Faiz 1996, VWS, 1991). This 
overloading varies depending on local characteristics 
and factors such as direction of travel and time of 
the day. To cater for these heavier loading, conec- 
tion ranging from 1.0 to 1.5 depending on local 
situations and vehicle types is used. 

3. DATA COLLECTION AND CLASSIFICATION 
OF VEHICLES IN KENYA 

3.1 Data Collection 

The aim of the data collection was to be able to 
gather information which can be used to classify ve- 
hicles in different technological layers and to assess 
the modification factors associated with maintenance 
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conditions, ageing and travel mileage and finally 
loading. This data could be classified into: 
Vehicle characteristics: country of origin, make, 
type, fuel used, age, mileage and usage 
Maintenance history: frequency and type of repair, 
nature of garage 

Fuel 
Used 

Petrol 
Diesel 
.rota1 

In addition, fuel consumption data was collected and 
fuel consumption test conducted on some chosen 
vehicles in order to asses lead emissions in Kenya. 
This had to be done separately as the available data 
from industrialised nations do not include lead emis- 
sions are the use of leaded fuel is being faced out. 
Details of these are given in section 3.5. 

From Interviews MVR Data 
Vehicle Types 
Cars Vans Mini bus Buses All All 
Pick-up L. Trucks H.  Trucks Types Types 
94 86 1 1  0 80 78 
6 14 89 100 20 22 
I00 100 100 100 I00 100 

Data collection involved interviews using question- 
naires. Vehicles were sampled randomly at normal 
parking places in towns and at shopping centres all 
over Nairobi and also at special designated parking 
for passenger transport vehicles. Age data was later 
confirmed for each vehicle from official records 
with the licensing authority. 

3.1.1 Sampling 

Overall population was taken as motor vehicles in 
current use in Kenya at the time of data collection 
and its size was to be indicated by the number of li- 
censed vehicles. Reliable data on the number of li- 
censed vehicles was not available; most data that 
could be used to calculate it are incomplete. Based 
on estimates of sold licences this number is esti- 
mated at 350,000 to 400,000 vehicles. Sampling was 
done in Nairobi only but available data show that up 
to 83% of all vehicles in Kenya are registered for 
use in Nairobi. This therefore means that a sample 
taken in Nairobi would also be representative for the 
whole country. 

A simplified stratified sampling method was used. In 
order to minimise variations for estimates of propor- 
tions a sample of size of at least 1000 vehicles was 
targeted. The vehicles were divided into homoge- 
nous strata according to their types. Due to lack of 
reliable data on the overall population, the priori 
used was estimated fi-om traffic counts at various 

roads in the city. Random sampling was then done to 
ensure that the number of vehicles interviewed in 
each stratum corresponded to pre-determined rates. 
This led to interviews of about 1200 drivers. 

3.1.2 Quality of Data 

Sampling er-ror was estimated to be up to 4% for the 
central measures of mean and standard deviation. 
Systematic errors or those arising from sampling 
bias were expected to be negligible basically be- 
cause in most instances, each class of vehicle was 
treated separately. 

Comparison of the basic characteristics like propor- 
tion of makes and fuel used for the sample against 
those for the whole population showed minimal 
variations. As is already mentioned, comprehensive 
statistical data on the overall population was not 
available. However, comparisons were conducted on 
the basis of data from Motor Vehicle Registry 
(MVR) and Central Bureau of Statistics (CBS). It 
should be noted that the MVR and CBS data, which 
represent newly motor vehicles registered in the past 
30 and 15 years respectively, do not exactly cone- 
spond to the overall population of interest (i.e. vehi- 
cles with cur-rent licences) but closely describe it. 

Table 2 shows classification of vehicles according to 
fuel usage based on results of the interview and on 
MVR data. It can be seen that the results for all ve- 
hicles (80%: 20%) compare favourably with MVR 
data (78%: 22%). Similarly figure 1 shows the dis- 
tribution of vehicles according to their make and 
these also compare reasonably well with CBS data. 
The highest difference was in the make shown as 
others and the reason for this is that the CBS data 
contained even old vehicles which are no longer in 
use at the time of data collection. 

3.2 Establishment of Technological Layers 

The vehicle fleet in Kenya is primarily composed of 
Japanese vehicles and European vehicles having a 
share of 78% and 22% respectively. These vehicles 
are either directly imported mostly as used vehicles 
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Figurel: Distribution of makes of vehicles obtained from the interviews and from Central Bureau 
of Statistics (CBS). CBS data for about 200,000 vehicles. 

Figure 2: A comparison of vehicles ages for Kenya and Germany. Data for Kenya was fiom 
interviews and confirmed from official record. Average age in Kenya 8.08 years and in Germany 
6.75 years. 

or as completely knocked down (CKD) units and as- 
sembled within the country. From the interviews 
impor-ted vehicles constitute about 45% whereas 
those assembled in the countiy about 55%. Imported 
vehicles in Kenya can therefore be easily divided 
into different European or Japanese technological 
layers. 

Those assembled in the countiy cannot be classified 
that easily however, due to lack of candid data fi-om 
the manufacturers. They are therefore subjected to 
technological transfer lag, to allow for the time lag 
before the production according to the newly stipu- 
lated standards to commence in the host country. 
This is assumed to last five years from the time that 
the standard became effective in the home country. 
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(In many cases however, there are others like the 
regulated three-way catalyst that take longer before 
adoption in the country). 
Figure 2 gives the basis of classification in different 
technological layers. On the basis of the year and 
place manufacture and the emissions control tech- 
nology, vehicles are separated into various layers. 
As can be seen in the figure, the modal years are in 
the range 1991 to 1987. This is because a lot of ve- 
hicles registered in Kenya are imported as used ve- 
hicles and the majority is 4 to 8 years old. 

3.3 Assessment of Maintenance Condition 

A quantitative measurement for maintenance does 
not exist, and without mechanical inspection or an 
emissions test on a vehicle, it is not easy to classify 
its maintenance condition. Information about its 
condition can only be inferred through secondary 
data particularly its maintenance histoiy and other 
relevant data, all of which can be obtained relatively 
easily. These include: 
1. Type of repairs; 
2. Frequency of repairs; 
3. Intensity of usage of the vehicle; and 
4. Nature of garage where vehicle is usually re- 
paired. 

Type of Repair 
Repairs influencing emissions are those which in- 
volve tuning, adjustments of dwell and air fuel/ratios 
and spark timing. Vehicle servicing (change of fil- 
ters, sparks plugs, oil etc) also influence emissions 
to a large extent as these have also a bearing on 
quality air and fuel intake and consequently their 
mixture. From the above figure, it can be therefore 
concluded that more than 90% of all reported repairs 
would influence emissions. Frequency at which a 
vehicle is repaired depends on its intensity of usage. 
During the interviews, drivers were asked on how 
much mileage they cover monthly or yearly but most 
of them were not certain of this. Consequently the 
data they gave was unreliable. 

In general terms however, the intensity of use can 
also be inferred from the type of use the vehicle is 
subjected to. Vehicles used in public transport gen- 
erally travel the most followed by those for goods 
transport whereas private vehicles travel the least. 

Table 3: Categorisation of vehicle condition with 
respect to their repair frequency and type of use. 
OK: Expected behaviour, NS: Unexpected behaviour. 

Frequency of repair in months Usage of 
Vehicle 
Private use 
Goods transport 

A criterion that could help in estimating the vehicle 
condition is to compare its repair frequency against 
its usage. It would be expected that vehicles that 
travel more should also have a higher repair fre- 
quency and that those which travel less conversely 
also have a lower repair frequency. Consequently it 
could be an abnormal behaviour to have lower repair 
frequencies where the travel is higher and con- 
versely, higher repair frequencies with lower travel 
intensity. An intermediate classification of vehicle 
conditions according to this criterion is given in ta- 
ble 3. 

A private vehicle, which is taken for repair every 
month, is likely to be in an unsatisfactory mainte- 
nance condition just as one taken only once or less 
in year. On the other hand it is expected that vehicles 
for passenger and goods transport are taken for re- 
pair more frequently since they travel more. Those 
that are taken after longer periods of time are also 
likely to be in poorer state. 

Nature of Repair Garage 
The garage at which a vehicle is repaired may in it- 
self not affect emissions, but the nature of the 
workmanship does. Proper tuning and adjustments 
can only be achieved in well-equipped garages with 
properly qualified technical staff. Street mechanics 
as well as most non-dealer garages neither possess 
the necessary equipment nor the technical know- 
how to be able to tune vehicles accurately. The dis- 
tribution of vehicles according to their usual repair 
place is given in figure 3. As already mentioned de- 
fective adjustment results in higher pollutant emis- 
sions. 

A final classification of maintenance condition of 
vehicles can be achieved by further combining na- 
ture of garage and the behaviour classification from 
table 3. Four conditions are utilised as good, me- 
dium to good, bad to medium and finally bad, and 
these are derived as given in Table 4. Figure 4 indi- 
cates the distribution of different vehicle types in 
Kenya into the various maintenance classes. The 
group private cars has the highest proportion of ve- 
hicles in good condition whereas light vehicles the 
least. The adjustment factor associated with each 
maintenance class is expected to vary between the 
two extremes. 

A special layer for used gasoline vehicles imported 
from Japan has been set up separately for the Ken- 
yan situation. These vehicles can be considered as 
tampered with because although they were manu- 
factured for use in Japan where only leaded fuel has 
been in use since 1977, they are powered by leaded 
gasoline in Kenya. Most vehicles in Japan are fitted 
with three way catalysts although that is not a man- 
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Figure 3: Repair characteristics and usage of vehicles in Kenya 

Figure 4: Division of vehicle types into classes of maintenance condition 

the European countries, Britain is the predominant 
exporter of used vehicles to Kenya. In comparison to 
other European countries, Britain still has a large 
proportion of vehicles powered with leaded gasoline 
[CONCAWE 19951. The proportion of vehicles 
from Europe requiring similar treatment is therefore 
still negligible. 

datory requirement (JAMA 1998). To allow for use 
in Kenya, some adjustments have to be made which 
in most cases involves the removal of the whole 
equipment. Consequently the emissions from these 
vehicles are expected to be much higher and conse- 
quently require a higher adjustment factor. Among 
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Type of Garage 

Dealer 
Other non-dealer garages 
Street mechanics 

Table 5: Fuel consumption rates for selected gasoline vehicles in Kenya and Germany. Average speed of 

I Fuel consumption for vehicles in I<enya.lFuel consuiiiptionl 

about 26 Im/h.  

/Capacity 

Repair behaviour classification 
OK: Expected NS: Unexpected 
Good, G Lower medium, M2 
Upper medium, M I Bad 
Lower medium, M2 Bad 

~ [ ‘ O O O C C ]  I Data for 100 vehicles in  Germany 
Ages I M i leage I Cons urn p t ion [g/km] 

3.4 Assessment of Age, Mileage and Loading 

Car  
C, ‘1 I . 
Car 
All  Cars 
Vans 

Vehicles in Kenya have an average age of 8 years 
(Figl) with a mileage of 163,000 km whereas in Ja- 
pan the average service life is just above 9 years 
(JAMA 1998), thus working out to an average age of 
about S years with correspondingly lower mileage. 
In Germany, the average age of vehicles is about 81 
months or 6.75 years (KBA, 1998). Adjustment 
factors for age would therefore tend towards the 
lower values for the European vehicles and some- 
what higher for the Japanese vehicles. 

[‘000 km] rate [gikm] 
< I  .4 3-14 20-166 90 61 
1.4 - 2.0 1-9 50-124 95 74 
>2.0 1-18 47-272 156 94 
All 1-18 20-272 101 71 
,7.0 4-8 69-129 113 94 

In Kenya for example, most vehicles for passenger 
and for goods transport are usually overloaded. 
However, private vehicles are rarely overloaded and 
therefore may not require any adjustment for load- 
lng. 

3.5 Fuel Consumption and Lead Emissions 

Lead is used as an additive to gasoline file1 to im- 
prove its volatility. However owing to environ- 
mental concerns, the use of lead has been steadily 
reducing especially in industrialised countries like in 
EC which has a ceiling lead content set a limit of 
0.15gll. The use of unleaded petrol exceeds SO% in 
OECD countries but most developing countries still 
use only leaded gasoline predominantly. Many of 
those countries have a lead content ranging from 
0.15 to 1.5 grams per litre of petrol. Kenya uses a 
maximum of 0.6g/l of leaded in petrol. 

Lead emissions are directly proportional to lead 
content in petrol since it is not consumed up during 

the engine combustion process. For every quantity 
of fuel consumed, the amount of lead emitted may 
be slightly less than actual lead content due to loses 
and retainment in the engine. A value of 7.5% for 
this amount is frequently used and it was on the 
same basis that lead emissions were calculated for 
the Kenyan situation. 

Fuel consumption data for various vehicle types was 
collected from various organisations with large 
fleets of vehicles including the official public trans- 
port company. In addition, tests were carried out on 
twenty private cars and vans in order to determine 
accurate consumption rates for validation of the 
collected data and to estimate the travel speeds asso- 
ciated with those fuel consumption values. The test 
results was in good agreement with collected data 
and the average urban travel speed was found to be 
about 26 km per hour. 

The obtained fuel consumption rates are shown in 
Table 6. When compared with the German data for 
urban driving cycles of the same average speeds, the 
data shows that fuel consumption in Kenya is sig- 
nificantly higher, in some cases up to 60% higher. 
Similarly they are also higher than those in Singa- 
pore which yielded an average of 61gl  for cars with 
a mean engine capacity of 1.3 litres driven at similar 
average speed in urban area (Fwa, 1992). These 
findings can be attributed mainly to differences cited 
above. 

3.6 Adjustment Factors 

The overall ranges and limits of proposed adjust- 
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ment factors for base emission rates are given in Ta- 
ble 6. These ranges have been set based on the fore- 
going literature. Three scenarios were consequently 
built up for the Kenyan situation. The present sce- 
nario assumes the adjustment factors that were as- 
sessed using the available data. The best scenario as- 
sumes that the emission characteristics of vehicles in 
different technologcal in Kenya are the same as 
those of corresponding vehicles in the source coun- 
tries. Minor adjustments to age differences are ap- 
plied. The worst scenario is built up assuming that 
the situation in Kenya wanants the use of the highest 
values of the adjustment factors. 

Classification 

Good 

From the foregoing literature, variations of 400% or 
more have been reported as result of incorrect tuning 
of vehicles alone (Potter and Savage 1986). Com- 
bined with other factors, the emissions could be 
much higher. The maximum values of these factors 
have been set based on available information in 
published literature. In assigning these limiting val- 
ues, it was assumed that when these factors act to- 
gether, the final deviation of emission rates would 
generally be within the ranges ever observed. In ex- 

Range of Scenario 1 Scenario 2 Scenario 3 
possible values Best Present Worst 

1 .OO 1.10 1.20 

treme cases, damaged catalytic converters or mal- 
functioning fuel injection system can increase emis- 
sions by up to 20 times (Faiz 1996). To be realistic, 
the maximum factors were chosen to yield emissions 
which can be up to 7.5 times more for the worst 
case. It must be stressed here that prior assessment 
of the traffic situation in any locality is necessary in 
order to assign values of the adjustment factors. 

1 .o - 2.5 

4. ESTIMATED EMISSION COEFFICIENTS 
AND COMPARISONS 

1.20 1.40 1.60 
1.60 1.80 2.00 

Table 7 gives a summary of estimated emission co- 
efficients for Kenyan situation under the different 
emission scenarios for a driving speed range of 
about 25 kmdh. Emissions for other speed classes 
were also determined in the same way. Lead emis- 
sions were calculated from fuel consumption data 
and are not subjected to scenario analysis. Emissions 
at scenario 2, which is expected to best represent the 
Kenyan situation, are two to three times those of the 
best scenario. The best scenario colresponds with 
data from Japan and Europe and can be seen to be in 

Bad 

Table 6: Proposed adjustment factors to be applied to base rates for CO, HC arid NOx emissions for 
vehicles i n  developing countries. Scenarios apply to the Kenyan situation only. 

2.00 1 2.25 1 2.50 

Tbpe of 
AdJ 11 st m en t 

More than 10 years 
Private cars 

Main ten an ce 
Condition 

1.20 1.60 2.00 
1 .00 1.05 1.10 

Age and Mileage 

1.0- 1.5 Loading 1.10 I 1.30 1 1.50 
1.10 I 1.30 I 1.50 

Emissions Private cars Vans Light Vehicles 
[ g/l<m] Gasoline ldiesel Gasoline ldiesel GasolinelDiesel 

Heavy Motor cycles 
Vehicles diesel Gasoline 

CO 17.05 1.36 19.35 1.57 23.97 
HC 2.31 0.28 2.63 0.33 3.31 
NOx 1.76 1.65 2.00 1.90 3.20 
Lead 0.06 0.00 0.07 0.00 0.08 

2.17 10.72 33.24 
0.17 5.62 8.18 
3.80 20.53 0.09 
0.00 0.00 0.02 

CO 5.91 0.65 5.91 0.65 9.89 0.90 4.88 
fH C 0.85 0.13 0.86 0.13 1.37 0.29 2.56 
NOx 0.63 0.79 0.63 0.79 1.32 1.57 9.37 

25.18 
6.20 
0.07 
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CO 2i:y:i 2.33 26.61 2.91 44.491 4.03 
fHC 0.49 3.88 0.61 6.151 1.31 
NOx 2.26, 2.85 2.82 3.57 5.941 7.05 

2 1.95 75.54 
11.51 18.60 
42.03 0.2 1 



Emissions Private cars 
[g/km] Gasoline ldiesel 

the same order of magnitude as the actual data from 
the two countries ( Table 8.) 

Vans Light Vehicles Heavy Motor cycles 
Gasoline [diesel Gasolineldiesel Vehicles diesel Gasoline 

On comparison of the estimates of scenario 2 with 
those for other developing countries (Table 8), it can 
be seen that the estimates are generally in the same 
order of magnitude. NOx emissions India compare 
well with the estimates above. However the data for 
Indonesia has generally higher individual values and 
this could be attributed to the fact that it is for the 
year 1991 and is expected to be higher than what is 
presently in Kenya. It should also be noted that the 
information availed in the references from those 
other countries was not adequate to judge the accu- 
racy of the provided emission rates. 

CO 3.57 0.61 
1-1 c 0.47 0.10 
Nos 0.47 0.65 

As is already noted, actual values for fuel consump- 
tion are much higher in Kenya than in Germany and 
this is expected to arise because of the factors al- 
ready discussed (i.e. maintenance, age/mileage and 
loading). They at least give direct insight that actual 
emissions in Kenya are also likely to be higher than 
in Germany by at least the same order. 

3.57 0.61 6.93 0.90 10.72 20.95 
0.47 0.10 1.14 0.19 5.62 3.27 
0.47 0.65 1.05 1.06 20.53 0.14 

Although this method can best be described as ap- 
proximate, it yields plausible results which can be 
used where no emissions data exists. Of important to 
its success is the correct division of vehicles into 
layers and the choice of the adjustment factors for 
maintenance, age and mileage and loading. With ba- 
sic data the various layers can be identified and as- 
sessment done to assign the factors logically. 

CO 2.58 0.58 
HC 0.27 0.1 1 
NOx 0.28 0.44 

CONCLUSION 

2.58 0.58 12.42 0.49 4.50 
0.27 0.1 1 1.50 0.31 2.60 
0.28 0.44 0.60 1.50 7.50 

tries was presented and exemplified for the Kenyan 
situation. Factors for adjustment of those emissions 
rates were assigned for maintenance condition, age 
and mileage as well as loading characteristics of ve- 
hicles. For each vehicle category, emissions for CO, 
HC and NOx were estimated to be two to three times 
higher those of industrialised countries. 

CO 23.50 5.15 

NOx 6.87 1.26 
HC 2.23~ 0.49 

The estimated emissions compare reasonably well 
with those reported from some developing countries. 
In addition, fuel consumption rates for specific vehi- 
cle classes were found to be 40% to 60% higher in 
Kenya than in Germany. It can be concluded that the 
proposed method indeed yields plausible results 
when applied with due consideration to the traffic 
and vehicle characteristics existing in a particular 
countiy. 

23.50 5.15 41.401 5.32 2.57 19.20 

6.871 1.26 3.931 1.48 10.40 0.13 
2.23 0.49 9.141 0.51 1.58 3.99 

It should be noted however that actual measurements 
of tail pipe emissions still need to be carried out in 
order to establish actual and accurate data of the 
emissions characteristics of vehicles in any country. 
The methods proposed here are meant to be stop gap 
measures that can be used to before actual measure- 
ments can be conducted. 
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Urban public transport and environmental economics - Evolving a model: 
A tale of two Indian cities, Pune and Banglore 

A. Khan & PUdayakumar 
Central Institute of Road Transport, Pune, India 

ABSTRACT : The 1991 census, explained that at present there are 23 metropolitan cities i n  
India and it is likely to increase by 30, by the turn of the century. The rate of urbanization will 
increase from 23 YO to 30 YO which means one-third of Indian population will live in  
metropolitan cities. On the other hand, the rate of vehicular population growth in metropolitan 
cities in India increase between 15 YO and 200 YO each year. Out of which ins-jor share lias 
been taken by personalised vehicles i. e. , two-wheelers and cars. From this statistics one can 
find out the increase in the levels of pollution from metropolitan cities. 

To analyse tlie polluant levels from 
different modes of vehicles (two- 
wheelers, three-wheelers, cars, jeep) and 
estimate the future contribution in the 
light of present policy level (Promoting 
public transport). 
Comparative analisys of the public 
transport (Bus) and Personalised modes 
in the context of fuel consumption, fuel 
cost, congestion, emission and total 
cost. 
Critical analisys of policies and 
program me s p U b 1 i c 
transport in the context of Indian Cities. 
Evolving a model for promoting public 
transport in tlie context of 
E nv i ro 11 ni e 11 t a 1 Ec o i i  o ni i c s. 

fo r p 1-0 ino t i ng 

The situation has been worsen due to lack 
of policy where the personalised modes is 
getting tlie priority than promotion of 
public transport. With this given 
background, tlie paper will attempt to 
analyse the following objectives : 

An analisys of the impact of environmental 
pollution in urban public transport in India 
can, at best, be speculative. This is because 
inadequate information on d i ffer en t data 
regarding the pollution aspect is available 
for different periods. This lias been 
responsible for several scholars and policy 
makers trying to achieve a feasible solution 
on environmental pollution in India cities. 
On the other hand, this lias as10 let niany of 
the protagonists and environnieiital 
economists 10 suggest that the critics must 
wait for reliable data to become available 
from national data gathering agencies and 
until then tlie government should go ahead 
with the present situation. However, given 
the limitation of the existing data base and 
the urgency of understanding the 
implication of the changes in the macro 
par am e t er s , env i r o iim en t a1 e c o no ni i c s and 
pollution, there is no option but together 
available secondary data and assess the 
impact of environmental economics in a 
so i n  e what u n s a t i s kic t or y manner. W i thin 
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this given background the paper attempts 
to built up an aiialytical franiewoi-k for the 
study based 011 the trend of vehicle 
population growth, pollution aspect, urban 
public transport etc. in tlie following 
sect 10 11. 

Section I : analysed the present trend of 
urbanisation process and tlie growth of 
vehicle population in metropolitan cities in 
general and estimated future contribution 
of pollution in tlie light of the policy 

Section I1 : attempted to analyse 
env i ro niii e n t a 1 po 1 I U t i o n o f t lie pub 1 i c 
transport and non public mode in the 
context of fuel consumption, fuel cost, 
congestion, emission and total cost for 
Banglore aiid Pune city. 
Section I11 : tried to evolve a holistic model 
for p ro in  o t i i i  g e ii v i ronnie 11 t a I 
iiianageinent systeiii in  the context of 
environmental management system in the 
c o i i  text o f e iiv iron iii e n t a1 e co 110 111 i c s. 

c ha 11 g e s. 

urban 

Section I : Urbanisation and Urban 
Transport 

It is expected that by 2011 A.D. two thirds 
of India’s population will live in urban 
areas. Urbanisation in India is part of the 
d e i i i  o g a p  h i c a i i  d e c o no ni ic change, that i s 
inexorably and speedily spreading across 
the developing countries. Every third 
person in tlie world is a city dweller, and 
30 years fi-om now, there will be more 
people in  tlie cities than villages, and oftlie 
400 million plus cities, 264 will be in the 
d e v e 1 o p i n g c o U i i  tries , i ii c 1 Lid i iig 4 0 in 
India. The urban population of India has 
grown nearly four times since 1951, from 
62 tiiillioii in that year to 217 million in  
1991 or about 27 per cent tlie total 
population spread over 4689 urban 
agglomerations. (Padam, 1999). 

Tlie levels of urbanisation vary across tlie 
states. Of tlie total urban population, 62.5 
per cent is concentrated in 320 cities with a 
population of over 1, 00, 000 and 35 per 
cent in tlie 23 metropolitan cities. Contrary 
to tlie popular inipression, upto 60 per cent 
of the growth of cities is 011 account of 
iiatural increase and extension of city 
limits, and tlie role of migration is 
diminishing. In the context of economic 
reform, it is important to note that the 
process of urbanisation has been 
accompanied by major economic and 
structural changes. The share of the urban 
sector in the Gross Domestic Product 
(GDP) has risen from 29 per cent in 1951 
to 47 per cent in 1981 and i t  h a s  60 per 
cent in 1991. The urban - rural per capita 
GDP ratio, has increased froin 1.97 in 195 1 
to 3.62 in 1991, according to estimates 
made by the Planning Conmission, 
Governniental of India. During the period 
1965-89, the contribution of industry to 
GDP went up from 22 per cent to 29 per 
cent , and that of services from 34 per cent 
to 41 per cent. The percentage share of 
urban areas in the Net domestic product 
(NDP) generated in  dift’erent non- 
ag r i c u 1 t u ral sectors 1 i ke m aiiu fact ur i ng , 
transport, trade and other services, ranges 
from 57 per cent to 77 per cent. 
According to Motor Traiisport Statistics, 
the annual rate of growth of motor vehicles 
in India is 10 per cent. 111 1985 there were 9 
million vehicles. After 1 1  years 10 1996, 
this number increased by 3’ ’ times to be 
4 1 . 1  inillion (Table I ) .  Tlie basic problem 
is not the number of vehicles in the 
country, but their o i w  concentration in  a 
few selected cities. I f  one compares the 
population per passenger car in different 
countries, i t  will be revealing to note that 
in 1989 in USA every two persons owned a 
car, in Japan every 10 people had a car 
while this figure for India was 353. 
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A majority of motor vehicles in India, are 
concentrated in urban centres and it will be 
alarming to note that 49 per cent of these 
vehicles are plying on the roads of just 
three iiiega-cities - Delhi (30 per cent), 
Munibai ( I  1 per cent) and Chennai (8 per 
cent). This fact also reveals that 30 per cent 
of the total vehicles in India are registered 
in just one city - Delhi. 

Traffic composition in India is of a mixed 
nature. There is a variety of about a dozen 
types of both slow moving and fast moving 
vehicles. Stray cattles also move freely on 
major roads of many large cities including 
Delhi. A modal split indicates that in  1986, 
about 61 per cent of total vehicles were 2- 
wheeler which increased to 68.75 per cent 
by 1996. With multinationals entering tlie 
Indiari market, the share of 2-wheelers is 
likely to increase to about 75 per cent in 
tlie next ten years. 

Most of tlie cities in India do not have an 
efficient and reliable mass transport 
system. Mass rapid transport system, 
which is the backbone of a metro-city, is 
oiily available i n  5 out to 23 such cities. 
Delhi, the national capital, has yet to have 
tlie facility. Manufacturing of '-wheeler 
vehicles has gone up by 20 per cent per 
year while that of buses in only one per 
cent. As a result, the percentage of cars and 
2-wheeler scooters, out of the total number 
of vehicles is 91 in Kanpur, 88 in 
Hyderabad and 86 in Nagpur whereas 
buses in these cities constitute 0.5, 0.52 
and 0.37 per cent respectively. It  will be 
alarming to note that the percentage of 
buses in India as a whole has decreased 
11.5 per cent in 1961-62 to 1.9 per cent in  

The area occupied by roads and streets in  
Class-I cities in  India in  only 16.1 per cent 

1998-99. 

of tlie total developed area while the 
correspoiiding iigure for USA us 28.19 per 
cent. The road space in India cities, is 
therefore, grossly insufficient. To make the 
bad situation worst, most of the major 
roads and junctions in Indian cities are 
heavily encroached upon by road side shop 
keepers, pavement dwellers and persons 
engaged in informal commercial activities. 
Provision of street furniture causes 
obstruction to free flow of pedestrians 
forcing them to niove on carriageway. 

Section I1 : Environmental Economics - A 
tale of Two Cities 

There is a direct relationship between 
transport system and health and safety in 
a city. Emissions from motor vehicles 
pollutes the air which, in turn, affects the 
health of people and makes cities unsafe 
for living and working. Large volume of 
vehicles, niixed nature of traffic 
composition and less area of road space, 
inter alia, reduce speed, cause delays, 
traffics jams and idle fuel consumption. All 
of these add to air pollution, accidents, 
p 11 y s i ca 1 stress , men t a 1 tension , respiratory 
diseases and a fear psychosis. 

The average peak hour speed in Pune is 
about 7 km per hour (kniph) when the 
permissible speed limit ranges from 30 to 
60 kiiipli. As per Centre for Science & 
Environment (CSE), tlie quantity of all the 
three pollutants of air namely, CO, 
hydrocarbons and nitrogen oxides, 
drastically increases in  slow speeds. For 
example at 75 kmph, emission of CO is 
6.40 giii/kiii/vehicle which at 10 kniph 
increases by five times to 33.02 
g m/km/ve h i c 1 e . of 
hydrocarbons, at the same speeds, 
increases by 4.8 times from 0.93 to 4.47 
g m/kni/veh ic 1 t: . 

S i m i 1 ar 1 y e in i s s ion 
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The ambient air pollution, in terms of 
suspended particulate matter (SPM), in all 
metropolitan cities exceeds the limits set 
by World Health Organisation (WHO). In 
Pune aiid Bangalore the average annual 
emission of SPM is 543 iiiicrograms per 
cubic meter while WHO standard is only 
150. In case of Cacutta and Muiiibai, tlie 
corresponding figures are 394 and 226, 
respectively. According to one study, the 
air pollutioii d ~ i e  to vehicles in Pune will 
rise from 59 per cent in 1991 to 78 per cent 
in 2010. ‘The study also shows that 98 per 
cent tempos and trucks, 94 per cent buses, 
82 per cent taxies, 66 per cent 2-wheelers 
and 52 per cent cars are found to have 
emission above the permissible limit. A 
Raiidoiii check of 1092 new vehicles in  
Pune, found 43.6 per cent that failed to 
meet the standards, in case of’ Bangalore it 
is 42 per cent. I n  case of old vehicles, it 
was found 52 a id  51 per cent failing the 
eiiiissioii test in Pune and Bangalore, 
respectively. I t  is surprising tlie even the 
new vehicles are adding to the air pollution 
in the city. On the official record of the 
Transport Authority, however, a different 
picture is seen where inore than 80 per cent 
of all vehicles in both the cities have 
pollution under control. If no action is 
taken, the projected air quality of these two 
cities in  India is likely to deteriorate by a 
factor of the next 10 to 15 years 

Vehicle eiiiissioii pollutes the air, which in 
turn aKects the huiiian health and quality 
of life in  a city. Polluants from vehicular 
eiiiissioii, depending upon their effect on 
human body, call be divided into the 
following three types : 

those which exert inflaiiiniatory effect 
on the respiratory organs ; 
Those which produce toxic systematic 
effects ; aiid 

Those which produce carcinogenic 
substances. 

Bangalore city 

C u r r en t 1 y , in B angal ore 
contribute nia-jority of the air pollution. In 
1996, Bangalore total vehicle population 
is 9 lalths, which stands second anioiig the 
inaj or iiiet ropol i t an cities vehicular 
population. (delhi stands first with vehicle 
population of 26.30 lakhs) as seen from 
table 1. 

auto nio b i 1 e s 

r h u u  I :  
VERICULAH POPULATION IN hi %JOH CITIES 

AS ON 31’T hlARCII 1996 
(In Ihousandr) 

The city has been experiencing a rapid 
growth in motorised vehicles : an average 
annual growth rate of 9.3 per cent between 
1991 and 1996. 

In terms of vehicular composition, the 
personalised vehicles (like cars, jeeps, two- 
wheelers) in  Bangalore constitute about 88 
% (9.27 lakhs vehicles) of total vehicles 
(about 10.44 lakhs in  199S), with the share 
of two-wheelers and cars/jeeps about 74 YO 
and 14 % respectively. The share of buses, 
three-wheclers and trucks are about 1 %, 5 
YO and 3 YO respectively ; I n  the recent past, 
diesel driven personal cars have been 
increasing. 

Table 1 shows the growth of motor 
vehicles in Bangalore bet\veen 199 1 and 
1996. Among the personal vehicles, 
o w lie r s 11 i p o f ’ two - w h e e 1 e r s li a ve i nc re ase d 
more than one and a half times between 
199 1 aiid 1998 as seen froin ’Table 2. 
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Air polluants emitted from petrol vehicles 
include carbon monoxide (CO) arising 
from the combustion of fossil fuel, 
hydrocarbons (HC) resulting from 
incomplete combustion, and nitrogen 
oxides (Nox) generated at high combustion 
t e nip e ra t u re s. Air p o 1 1 U t an t s e in i t t ed fro in 
diesel vehicles are CO, HC (but at rates 
lower than petrol vehicles because of better 
combustion efiiciences). Nox at a rate 
higher than petrol vehicles because of 
1 owe r coin bu s t ion temper at ure s. D iese 1 
veh i c 1 e s e i i i  it fi ne suspended part i c U I a t e 
matter (SPM) and higher levels of 
sulphurdioxide 5 So2). Given the rate at 
which the cities are growing and the 
quality of life of many urban residents will 
co 11 t i m e  to deter i o ra t e . 

The increasing penetration rate of the two- 
wheelers is of real concern. Of the two- 
wheelers, about 95 per cent are powered by 
two-stroke engines, where as tlie rest 5 per 
cent have 4 stroke engines. The problems 
regardiiig the existing design of two-stroke 
engines is that 25 per cent to 40 per cent of 
tlie fuel supplied is discharged without 
being combusted which result in very high 
em i s s i o i i  s o f uii b u r lied hydrocarbons 
(much higher than four-stroke engines). 
Thus, in case of two-wheelers, replacing a 
two-stroke engine with a four-stroke one 
would improve fuel efficiency and 
emission discharge substantially. 
Production of two-wheelers powered by 

four stroke engines have been initiated by 
different ni aiiu fac t ures 1 ike B aj aj , 
Herohonda etc. , but its penetration rate in  
Bangalore has been very slow. 

Air quality monitoring for Bangalore city 
is done Karnataka Pollution control board 
(KPCB) in different locations in the city 
(like Anand rao circle, Wliitefield road, 
Mysore road). The levels of polluants like 
SPM, Nox and SO2 is measured through 
iiionitoriiig equipment, starting from the 
year 1984 to 1997 as seen from figures 1 to 
3. I n  the coniniercial area (Anand Rao 
circle) the concentration of SPM during the 
last fb~ir years exceeds the world health 
organ i sat i o 11s 1 imi ts O f  230 
micrograms/ni3. SPM concentrations in  the 
other two locations during the same period 
ranges from 1 13 to 208 microgranis/m3 
which is below the limits of world health 
organisation guide 1 i n e s. 

S iiii i I ar i y , tlie levels Of 
sulphurdioxide( SO2) measured at different 
locations during the last four years ranges 
from 23 to 46 micrograms/m3 and 16 to 42 
i n  i cro grain s/m 3 respective 1 y . 

Pune city 

Pune is a classic example of strong 
e nv i r o nni en t a 1 deter i o rat i on . F o r the sake 
of illustrating a point it would be essential 
to mention certain statistics. In 1960 the 
total number of vehicles in Pune was 6, 
200 approximately. I n  1990 it  became 3, 
12, 000 (includes the total vehicle 
registered in Pune Metropolitan Region) 
and at tlie end of 1998 it stood at 9, 33, 
000. This incidentally is more than a figure 
of total vehicular population in Murnbai. 
Albeit we have more two wheelers which, 
apart from problems of iiioveinents, create 
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iiiore pollution. Tlie density of vehicular 
population in Pune is tlie highest. The 
human population compared to 1960 has 
multiplied by about 5 times, available road 
surface by 7 times aiid the vehicular 
population by more than 150 times. 

i +'e- 2 wheelers 
} 1960 , 1 3 1 3 -  

1997 162021 
. - - . A  

'The city of Pune has had its environment 
endangered by the rise in  tlie levels of air 
pollution. Tlie main cause of the air 
pollution in Pune city is to tlie increase in 
the number of automobiles, particularly the 
six seaters, the two-wheelers and three 
wheelers. With the proliferation of such 
polluting vehicles, Pune's already polluted 
air would be thick poison together with 
rising sound levels. A study of pollution 
levels according to various categories of 
vehicles was conducted by Department of 
Environment, University of Pune for PMC, 
in  January 1997. Refer Table. A cursory 
glance at the growth in the number of 
vehicles indicates that the vehicular 
population has increased by 10, 000 per 
cent while the human population has 
increased by 1235 per cent over the last 30 
years. 

3 wheelers Cars I Jeeps 1 Buses / Heavy vehicles 
207 2658 I 2245 

' 39914 70617 ' 4 4 3 0 6  

S o m e  RegioriaI Trnnrpon Oflice, h e  

l'ablc 4 : Pollution lcveli on account ofvarious categories of v c h i d u  

C~tcgoncrof Nurnkr Awns SPMCone SO2 K O 1  CO Cow HC Conc 
%cP!:ln a p p r o ~  Kmr Pn in ion Conc ul Conc ul ullm n lon  

Ion ion b! 

I I ) i c w l b  2wO IW 0 1  008 0 2  011 004 
w t c n  

1 Porol '  1 5 C W  100 I l l 2  0 2 8  10% I 1 7 2  2054 
Y n I C l S  

1 TUC JCOMO I5  2 18 05s 21 17 2 7 7 2 1  4 1  I8 
!bhcclcn 

I F w :  68OM 20 044 011 4 I I  S l 8 3  807 
.\hcrICK 

I H m r  1 W  100 I 6 1  1 7 1  4652 28 I1 164 
\chicks 

Total 651akhr 315 I556 613 8416 51640 7 4 8 1  

Source Depf ojfinronmenl, Uniw.vfyofPuiw 

Thus tlie daily weight of pollutants which 
droux Pune city everyday is around 720 
tons of poison. 

'The comparative study mentioned in Table 
4 regarding petrol and diesel pollution 
revealed the following results. The 
emissions from diesel vehicles are nitrogen 
ox i d e , carbon in o no x i de, hydrocarbons , 
formaldehyde, solids and carbon particles. 
Out of these carbon particles are most 
dangerous and quick in their impact. Even 
though diesel aiid petrol vehicles cause 
pollution, petrol vehicles generate carbon 
monoxide which cause green house effect 
on a global scale where as the effects of 
d i e s e 1 v e 11 i c 1 e p o 1 1 U t i o n remai ns 1 o c al i s ed, 
thus causing immediate adverse impact on 
the local populace. The diesel vehicles 
produce carbon particles, 100 times more 
than petrol vehicles. The study shows that 
not only the status of ambient air quality in 
Pune is deteriorated but also the city has 
crossed the safety limits regarding the 
pollution levels. Pune requires urgent 
protection from the continuous load of 
ultra fine carbon particles coming out of 
diesel exhaust PM 10 particles. Human 
population is very sensitive to PM 10 even 
a niargiiial rise of 1 ,  00, 000 particles per 
cubic meter of air can result into 2-3 96 
increase in incidences of cardio-vascular 
deaths. The excess presence of PM 10 
particles in the air lead to a rise in death 
rate approximately 1 %, death on account 
of heart problenis by 1.4 %, death due to 
impairment by 3.4 % and asthmatic 
occurance by 3 %. 

Ambient air quality nionitoring was carried 
out in the months of September and 
October 1998 at the two sites, Sfiimla 
Office chwk and University circle in Pune. 
Table 5 shows that the levels of NO, in 
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September have increased and are slightly 
above permissible limits as compared to 
those in October at the Shinila Office 
chowk. The levels of SO, are within 
permissible limits for both the months and 
are relatively lower in the month of 
October. The respirable particulate matter 
at the University Circle has increased 
considerably as compared to month of 
August. The levels of SPM and PM 10 are 
above permissible limits for both the 
stations for September and October. The 
variation in the magnitude of the 
particulate matter is shown in Fig. 

IC*L--l. . 

Auq 98 

SeP! 98 
Oct 98 

Table 5 : Ambient Air Quality in Pune 

I Shimla , SO1 1 NO, I P M l O  ! S P h i - - - T P M ]  
-.____ 

.- 1 I .___ .&L MY m3 prs/m3 p d m 3  p p / d  
57 53 5647  36.61 156.36 19297 
.! ? nL-- .70 2 1378 141 29 17909 
1849  1 2 7 6 2  10325 IW78 20828 

_- 

Section I11 : Evolving a Modal 

The analysis of Section - I1 explained that 
the main cause of pollution in general and 
air pollution in particular in both the cities. 
This is due to tlie increase in the number of 
automobiles. A comparative analysis of 
environment a 1 of pub 1 i c 
transport and !ion-public motorised 
transport has brought out a few facts and 
raised many issues in  these two cities. 
Those are : 

Per passenger kilometer, a non-public 
motorised transport constinies 5 times 
the energy used by a public transport. 
The fuel cost in  a non-public motorised 
transport is 11.8 times of a public 
transport. 

i ni p 1 i c at i o i i  

A non - p ~i b 1 i c motor i s e d transport 
occupies 38 times more road than a 
public transport vehicle. 
Eniissions are 5-7 times more in  a non- 
public motorised transport than in a 
public than in a public transport. 

This suggests that mass transportation is 
vastly superior to personal and 
intermediate vehicles (taxi, three-wheelers 
and two wheelers). The desirable cost- 
effective solution. to more people with 
fewer vehicles using less energy and less 
polluants could be achieved by increasing 
the share of mass transport based on buses. 
I t  is estimated that an increase in share of 
buses in road transport from 66 per cent to 
80 per cent, would lead to a saving of 0.35 
per cent million tonnes of fuel. 

The other advantages that ensure are over 
50 per cent reduction in  total vehicles on 
tlie road, significant reduction in road 
congestion, and reduced air pollution 
However, diesel requirements wi 11 increase 
by about 8 per cent (from 0.74 to 0.80 
million kl). This too. can be overcome to a 
sizeable extent by improving the fuel 
efficiency of buses and improved traffic 
management measures with preference to 
buses, for example the provision of 
exclusive bus lanes. A system of road 
pricing which has proved to be effective in 
some countries in the concept of area 
licensing, where by low occupancy 
vehicles pay a charge for entering a 
congested area during the rush hours. The 
system encourages greater use of public 
transport and shared private cars or taxis, 
and d i sc o u ra g e s av o i dab 1 e j o 11 r ne y s. 

There is potential scope for increasing 
traffic speed from the present average 
figure of 20 kilometer per hour (Kni/h) to 
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the optiinuiii level of45/44 (Km/h). Simple 
measures such as separation of fast and 
slow traffic, better signalling, policing of 
traffic f-low and well designed and 
maintained sidewalks and pedestrian 
crossing need to be implemented. As a 
medium term strategy, programnies to 
improve and widen road surfaces need to 
be initiated. The advantages of road 
iinprovenients needs to be augiiiented, not 
only in saving fuel aiid reducing emissions, 
but also in improving the life of the engine, 
tyres, aiid other components of vehicle. 

A c o inpr e he i i  s i ve po 1 i c y framework need s 
to be evolved to combat pollution in 
fo 1 I o w i i i  g ways. 

E s t a b 1 i sli a c o 111 p re 11 ens i ve database 
Prepare an action plan including the 
contribution of all sector 
Draw up a regulatory framework 
covering 311 sectors. 

C oiic I u s i on 

h4 anag i ng c r i tic a 1 urban e 11 v i ro nmen t a I 
problems involves not only the transport 
sectioii but also numerous public and 
private sectors and a range of strategically 
targetted preventive and curative actions. 
I n  addressing the underlying causes of 

partnerships. Last 1 y , improving 
inforiiiation arid understanding involves the 
collection of environment data and use of 
analytical frameworks to understand 
problems, prioritise them, and design 
en v i ro i i  121 e i i  t a 1 pro g rainiii e s to reso 1 ve 
them. 
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~~j7p01-t and participation to create a 
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ABSTRACT: The paper compares the impact of the private car on atmospheric pollution i n  Sao Paulo,. Paris and Montreal, cities 
which contrast by their size, their level of economic development, their rate of growth and their urban form. I n  the three case studies 
the same methodology is applied to estimate the evolution of the car fleet and of traffic. The data used come from O-D surveys 
realized between 1973 and 1997 and the projections at the horizon 2020 are made with a demographic based model. The results 
show that the traffic grows slighlty more than the car fleet in  Sao Paulo and Paris, and much more rapidly in Montreal. Thus, i n  
spite of important differences in population size, the absolute growth in vehicules-kin is similar in the three urban regions. 
However, while this growth is generated mainly by the inhabitants of the the outer suburbs in the two urban regions of the North, i n  
the case of Sao Paulo it is comes from the central city. The technical characteristics of the fleet differ (gasohol in Brazil, diesel in  
France, gasoline in  Montreal) but these differences will tend to disappear with the introduction of anti-pollution legislations. The 
three case studies share coninion trends, but the local effects of traffic on air quality appear more severe i n  Sao Paulo due to its 
concentration i n  the central city. 

RESUME: L'article compare I'effet de I'automobile sur la pollution atmospherique a S2o Paulo, Montreal et Paris, villes qui 
different par la taille, le developpement economique, le rythme de croissance et la structure urbaine. Une methode identique permet 
d'estinier I'evolution du parc automobile et de la circulation. Les observations proviennent d'enquiites origine-destination realisees 
entre 1973 et 1997 et les projections a I'horizon 2020 sont realisees par un modele a base demographique. Les resultats niontrent 
que le trafic progresse legerement plus que le parc a S2o Paulo et Paris et beaucoup plus a Montreal. Ainsi, malgre la difference de 
taille, I'augmentation absolue du trafic en vehicules-km est du mCme ordre de grandeur dans les trois regions urbaines. Ce sont les 
habitants de la peripherie qui engendrent I'essentiel de cette croissance dans les villes du Nord, alors qu ' a  S2o Paulo, ce sont les 
habitants de la ville centrale. Les caracteristiques techniques du parc sont specifiques dans chaque ville (gusool a S2o Paulo, diesel a 
Paris, essence a Montreal) mais tendront a s'homogeneiser avec les normes anti-pollution. Malgre certains points conimuns aux trois 
cas etudies, les effets locaux de la circulation sur la qualite de I'air sont rendus bien plus graves a Sao Paulo par la concentration du 
t ra tk  dans la ville centrale. 

RESUMEN: El articulo compara el iinpacto del automovil sobre la contaminacion ambiental en Sao Paulo, Montreal y Paris, 
ciudades que difieren por el tamafio, el desarrollo economico, el ritmo de crecimiento y la estructura urbana. Aplicamos un metodo 
identico para estimar la evolucion del parque automovil y la circulacion. Las observaciones provienen de encuestas origen-destino 
realizadas entre 1973 y I997 y las proyecciones a1 horizonte 2020 estan realizadas por un modelo demografico. Los resultados 
niuestran que el trafico progresa ligeramente mas que el parque en Sao Paulo y Paris y mucho mas a Montreal. Asi, pese a la 
diferencia de tamango, el aumento absoluto del trafico en vehiculos - kmts. es del mismo orden de tamango en las tres regiones 
urbanas. Este crecimiento se produce esencialmente en la periferia de 10s dos paises desarrollados, per0 se realiza niayoritariamente 
en el centro de Sao Paulo. Las caracteristicas tecnicas de 10s vehiculos difieren (gasool en S2o Paulo, diesel en Paris, gasolina en 
Montreal) per0 tienden a homogeneizarse. Los casos estudiados tienen puntos comunes per0 10s impactos locales de la circulacion 
sobre la calidad del aire son mucho mas grave en Sao Paulo a causa de la concentracion del trafico. 

INTRODUCTION mobile sources. As coal is being replaced by oil or electricity, 
and industrial plants are leaving the more economically 

Detailed analyses of pollutant emissions have been advanced metropolitan areas, the evolution of air quality for 
conducted in many metropolitan areas. A basic distinction is the future depends more and more on the mastering of 
made between fixed sources (industries and domestic heating pollution due to personal mobility, but without hampering 
mainly) and mobile sources. The density of population and people's freedom nor social and economic activities. 
the urban - particularly suburban - way of life make personal This article focuses on the private car which is the main 
mobility responsible for a main part of pollution emitted by transportation mode responsible for pollution. Roughly 
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speaking, the question of growth in emissions by private cars 
can be divided into two aspects: 

effects permits to place this curve in  a historical perspective, 
highlighting the influence of the life styles, institutional 

- a socio-economic or socio-demographic one, which is the 
growth of car traffic, 

- a technological one, which reflects changes in the 
efficiency of engines, not only for new vehicles but for 
the whole car fleet. 

We consider car traffic at different points in the past as 
well as in the future by means of projections of motorization 
and circulation. This gives us a coininon basis to discuss on 
the possible evolutions of pollution by car in the three large 
cities that we have studied: SBo Paulo (16 million 
inhabitants), Paris ( I  1 million) and Montreal (3.5 million). 

For both dimensions of car traffic growth and automobile 
technologies, the situation of urban areas in developed or 
enierging countries is different. In  developed countries, the 
level of motorization seems to be approaching saturation 
levels. However, the greater functional complexity of 
sprawling urban areas increases car mileage. In less 
developed countries, expected growth of the car fleet is still 
very high. Yet, industry still plays a great role on the 
structuration of space and trips are more compartmentalized. 

Our main results concern forecasts of urban car fleets and 
traffics i n  different zones with a uniform demographic 
approach (section I ) .  As the results for car traffic are not yet 
available for SBo Paulo, we examine its relation to its main 
determinant: the growth of the total number of vehicles 
(section 2). For the assessment of technical progress in car 
engines, we have collected separate results on the three urban 
areas to set some elements for a future discussion (section 3). 

constraints and consumer needs on the diffusion of the 
automobile. Finally, the introduction of the period effects 
permits the measurement of the influence of factors affecting 
all the individuals or households simultaneously; these 
factors can be related to the econoinic context (like the 
disposable incomes or the price levels) or to characteristics of 
the supply (like infrastructure or level of service changes). 

1.2 How to iniplement the model ,for motorization und 
niobility? 

The main idea in our approach is to outline the variables of 
age (with its components of life cycle, generation and period 
mentioned above) and of spatial distribution to explain the 
dynamics of motorization, mobility, and modal choice. The 
trips are largely conditioned by the supply of travel modes, 
especially the availability of a car. The rate of motorization 
thus appears as a key variable of mobility behavior. 
Therefore, we will start by studying motorization: first, at the 
level of the household, namely to project the number of 
automobiles, then at the level o f  the individual to be able to 
study mobility patterns. This latter analysis which develops 
measures in t e r m  of number of trips as well as in terms of 
distances travelled will be done globally and by travel modes. 

We consider that the household remains the unit of 
decision for motorization even though multi-vehicle 
acquisition tends to individualize the choices. The 
generations are defined by the date of birth of the head of 
household. Motorization is characterized by the proportion of 
equiped households on the one hand, and by the proportion 
of multi-car households among equiped households on the 
other hand. The total nuniber of cars is estiniated by taking 

A 
ESTIMATING URBAN CAR FLEETS 

1.1 At7 trge-cohort-period model 

The limits of traditional forecasting models [Gallez 1994, 
Strambi et a1 20001 have led some authors to propose a new 
model, based on longitudinal analysis of behavior. The 
approach adopted here follows that proposed by [Madre 1990 
and Gallez 19941. Similar ideas appear in the work of other 
researchers [Kitamura et al. 1987, Jansson 19901. 

The longitudinal approach highlights the complex impact 
of age on car ownership which, in a dated temporal context, 
consists of the combination of three linked dimensions: 
- the moment in the life cycle, which indicates the 
importance of age on car buying decisions and on mobility 
paterns; 
- the generation (or cohort), which identifies the behavior of 
individuals born during the same period, and therefore 
sharing a common life experience; and 
- the period, which indicates the impact of the global socio- 
economic context. 

The analysis of the life cycle effects generates a 
characteristic curve (the standard life cycle profile) 
representing the evolution of motorization and of car use 
related to age, which is hypothesized to constitute a stabilized 
pattern of beliavior. The introduction of the generation 

the product of the number of households by the weighted 
sum of the two rates calculated above. 

A longitudinal analysis of motorization behavior based on 
French national data [Gallez and Madre 19921 shows the 
importance of generation lags in behavior and the remarkable 
stability of the curves in relation to the life cycle. Once the 
age and generation effects have been taken into account, the 
period effect (economic or political context) appeared to be 
residual and thus justified the age-cohort approach. 

2. THE FUTURE OF CAR TRAFFIC AND OF CAR 
FLEET 

2.1 The Metropolitan Area5 

The age-cohort model has been estimated for Riggioi7 I le- 
de-Frunce, or Paris region (IDF) in France, Grande region de 
Montriul (GRM) in Canada, and Grunde S6o Puulo (GSP) in  
Brazil. In each metropolitan region, three concentric, or 
approximately concentric, zones are distinguished to take 
into account the phases in the urban growth processes. The 
zones were drawn considering their different density and 
population growth patterns. Tables 1, 2 and 3 present the 
distribution of population, population density and households 
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motorization in  the different zones: Centre (C), Inner 
Suburbs (IS) and Outer Suburbs (OS). 

Surfaces are those of administrative territories. Densely 
urbanized areas are somewhat different. In 1999 in IDF, 90% 
of the population is concentrated within 2,500 kinz (20% of 
the total surface), and 80% in 1,500 kin2. In 1996 in GSP, the 
figures are: 90% of the population within 2,500 kin2 (45% of 
the surface) and 80% in 1,850 kin2. In  1996 in GRM, only 
55% of the population is concentrated in 500 kmz (15% of 
the total surface). 

Motorization (as well as multi-motorization, see section 
2) increases when households live further froin the centre in 
GRM and IDF, while the reverse is true for GSP, a poorer 
city. The increase in car ownership rates in the suburbs of 
cities i n  richer countries has been associated with land use 
patterns leading to a dependence on the use of cars, and also 
to a higher proportion of households with children. In GSP 
(and other cities of developing countries) suburbs are poorer 
than the central city. This result is confirmed by cross tables 
between the level of incoiiie and inotorization for the 
different age groups. In 1991, households of the highest 
quartile of income possessed inore than 50% of the private 
cars in the GSP (data IBGE), and inultiinotorization occured 
almost exclusively in this category of households. 

We may find differences between the region and the 
country as a whole. GRM is slightly less niotorized than 
Canada. Since the late 1970s, IDF has been the less 
motorized region of France. I n  1990, household motorization 
was 8 points under the national average. In  1991, 
motorization in GSP was some 10% above the average of the 
southern part of Brazil. SBo Paulo is the most motorized city 
in Brazil. However, 1991 census shows that some nine 
secondary urban areas had a higher level of household 
motorization (more than 4 I”/), among them Jundiai and 
Campinas which are very closely linked with SBo Paulo. 

2.2 The Patterns ofMotorkation 

Age-cohort models are estimated on data froin three 
successive transportation surveys for each area, over periods 
of approximately 15 years, i n  IDF and GRM, and 20 years in 
GSP, from the late seventies to the early or late nineties. The 
standard life cycle profiles and generation lags graphs draw 
parallel portraits of motorization according to age bands and 
generations in the three metropolitan regions [Strambi et al. 

I n  IDF and GRM access to the first automobile is rapid, 
while this movement is slower i n  GSP (fig. I ) .  The maximum 
rate of motorization occurs under the age of 30 in  GRM and 
around 30 in IDF; maximum motorization in GSP occurs 
notably later, when the head of the household is about 50. 

The access to a second car is more gradual in all regions. 
Multi-motorization reaches its maximum when the age of the 
household head is around 50 (not represented on these 
graphs, see [Strambi et al., 20001). These maximum rates are 
very much differentiated by the zones. 

The most motorized generation (figure 2) was born in the 
thirties for the whole of GRM, in the fifties in IDF 
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Table 1. Distribution of population 
region census population 

year total (‘000) distribution (%) 
C IS OS 

IDF 1990 10,644 20.2 37.4 42.4 
1999 10,942 19.4 36.9 43.7 

GRM 1991 3,127 30.9 25.9 43.2 
I996 3,326 31.8 21.5 46.7 

GSP 1991 15,210 33.9 32.5 33.6 
I996 16,400 30.2 32.1 37.7 

sources: Insee, Statistique Canada, IBGE. 

Table 2. Density of population 

IS OS 
region area 

total C 
year density 
IDF kin2 12,010 105 660 11,250 
1999 inhab.Ha 9.1 204.0 61.2 4.3 
GRM kinz 3,450 140 350 2960 
I996 inliab.Ha 9.6 75.5 20.4 5.2 
GSP km2 5,440 490 1,700 3,260 
1996 inhab.Ha 30.1 101.1 31.0 19.0 

sources: Insee, Statistique Canada, IBGE. 

Table 3 Motorized households 
region Total C IS OS 
IDF (1990) 67.5% 48.2% 68.9% 83.7% 
GRM ( 1  987) 74.0% 56.4% 76.3% 89.0% 
GSP (1997) 49.1% 56.4% 54.8% 42.6% 

sources: Insee, Statistique Canada, MetrB SP. 

Figure 1. Standard life cycle profiles for the generations 
1946-1950 (IDF,GRM) and 1942-1951 (GSP) 

(somewhat later in the inner and outer suburbs). In GSP there 
is a gap: the most motorized generation was born and in the 
forties in the central zone and in the sixties in the suburbs. 
Motorization decreases for the latest generations in IDF and 
GRM. This movement is accented in the centre and in the 
inner suburbs of Montreal. It suggests a situation of 
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saturation or a change of attitudes towards the automobile 
among the young, or possibly a sign of their impoverishment. 
In GSP, a more continuous increase in the rate of 
inotorization can be observed as generations follows, 
especially in  the suburbs. 

Multi-motorization grows continually and reaches around 
50% for the younger motorized households living in the outer 
suburbs of IDFs and over 60% in GRM. The multi- 
motorization pattern is much less clear in GSP, most of the 
obtained resit Its for generation gaps being statistically not 
significant. 

Another interesting contrast is associated with spatial 
location. While differences in motorization rates among 
zones are getting larger for the younger generations in IDF 
and GRM, in GSP these differences are vanishing. This result 
suggests that a transition may occur in the poorer suburbs 
where autonlobile is about to take an important role as in 
suburbs of richer metropoles. 

2-3 Forecasting car owtiersliip and cur use 

With help of demographic projections, standard life cycle 
profiles and generation lags give estimatior, of motorization 
and multi-motorization for the households to come, as well as 
an estimation of the distances travelled by the households' 
cars. 

Tables 4, 5, and 6 show the relation between the increase 
of the number of cars and the growth of daily car traffic as 
given by the origin-destination surveys. The evolutions are 
parallel in the different zones of IDF. The number of cars 
appears here as the major determinant of circulation in terms 
of vehicule.km. As a matter of fact, the number of trips by 
car per household has stayed almost constant (2.6, 2.6 and 
2.7 in 1977, 1984 and 1992). Observations in GRM reveal 
that in the last 20 years the traffic grew much faster than the 
fleet. Because of high multi-tiiotorizatioti, the number of trips 
by car per household increased regularly, (1.7, 1.9, 2.2, and 
2.6 i n  1976, 1981, 1986, and 1991). In GSP, the circulation 
followed closely the evolution of the fleet in the period 1977- 
1987, but grew faster than the fleet between 1987 and 1997. 
This was due to longer trips because the number of trips by 

Figure 2. Differences between generations for age group 35- 
39 years (IDF,GRM) and 29-38 years (GSP) 

Table 4. Observations on fleet and traffic in IDF 
cars (' 000) C IS OS IDF 
1977 560 1,110 1,180 2,850 
1984 580 1,320 1,550 3,450 
1992 605 1,480 1,960 4,050 
average annual growth rate 

distance (' 000 veh.km per day) 
1977 5,870 15,080 23,190 44,060 

1977- 1992 0.5% 2.oyo 3.4% 2.4% 

1984 6,590 18,100 29,270 54,020 
1992 6,520 20,940 41,660 69,120 
average annual growth rate 
1977- 1992 0.7% 2.2% 4.0% 3.0% 

sources: Dreif EGT 

Table 5. Observations on fleet and traffic in GRM 
cars (' 000) C IS OS GRM 
1974 385 325 410 1,120 
1978 360 330 490 1,180 
1982 350 340 560 1,250 
1987 380 345 670 1,395 
1993 400 370 820 1,590 
average annual growth rate 
1974- 1993 0.1% 0.5% 3.5% 1.7% 
distance (' 000 veh.km per day) 
1974 5,770 5,790 9,220 20,750 
1978 6,610 7,320 12,750 26,650 
1982 6,640 8,020 14,740 29,380 
1987 7,350 9,220 19,270 35,800 
1993 6.660 9.160 24.120 39.930 
average annual growth rate 
1974- I993 0.8% 2.5% 5.2% 3.5% 

sources: STCUM 

Table 6. Observations on fleet and traffic in GSP 
cars (' 000) C IS OS GSP 
1977 810 370 140 1.310 
1987 930 590 360 1,890 
1997 1,070 980 800 2,850 
average annual growth rate 
1977- 1987 1.4% 5.0% 9.9% 3.7% 
1977- 1997 1.4% 5.0% 9.1% 3.9% 
distance (' 000 veh.l<m per day) 
1977 11,580 7,090 2,970 21,700 
1987 14,325 9,750 6,090 30,490 
1997 nd nd nd 49,650 
average annual growth rate 

1977- 1997 nd nd nd 5.0% 
1977- I987 2.2% 3.3% 7.5% 3.5% 

sources OD MetrG SP 

car per households diminished through that period (2.5, 2.7, 
2.3 in 1977,1987 and 1997). 

The forecasts of car fleet and car traffic in IDF and GRM 
(tables 7 and 8) show how this relation is projected by the 
model. In IDF, the link between numbers of cars and 
tnileages remains stable for the whole region, but in the 
denser parts, the fleet grows more rapidly than circulation. In  
GRM, circulation growth slows down and becomes similar to 
that of the fleet. In GSP (table 9), the data only permitted to 
make projections of the fleet. From the two other examples, 
we can assume that circulation in the next 15 or 20 years 
should grow at least like the fleet, i.e. +2% per year, which 
would be more than IDF and less than GRM. 
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Table 7. Projections 1990-2020 IDF Table 10. Spatial distribution of additional cars 
cars (' 000) C IS OS IDF cars (' 000) annual distribution 
2000 635 1,550 2,490 4,670 average C 1s OS 
2010 660 1,680 3,110 5,450 IDF ( I  976-9 1) +79.9 4% 3 1% 65% 
2020 690 1,830 3,990 6,520 GRM (1974-93) 123.1 2% 8% 86% 
average annual growth rate GSP (1977-87) +57.5 22% 40% 39% 

40% 43% 2000-2020 -0.3% 0.6% 1.6% 1.1% GSP (1 977-97) +76.9 17% 
distance ('000 veh.km per day) 
2000 6,820 23,430 54,240 84,490 IDF (2000-20) +92.7 3% 15% 81% 
2010 6.530 23.770 66.970 97.340 GRM (2000-20) +33.5 10% 15% 82% 

projections 

average annual growfti rate 
1990-2020 -0.4% -0.3% 1 

2020 6,130 23,230 80,390 109,650 GSP ('000-20)' +72.9 12% 27% 61% 
sources Dreif, STCUM, Metrd SP, projections Insee, Stat 

3% 0.9% Canada, Seade, Inrets, Inrs, USP. 
demographic projection Insee, motorization proj. Inrets 

Table 8. Pro-jections 1990-2020 GRM 
cars (' 000) C IS OS GRM 
1996 400 380 880 1,660 
2006 440 440 1,170 2,050 
2016 470 480 1,420 2,370 
average annual growth rate 

distance ('000 veh.km per day) 
1996 8,080 10,140 31,430 49,610 
2006 9,050 12,060 41,370 62,430 
2016 10,O 10 13,620 48,890 72,580 

1996-20 16 0.8% 1.2% 2.5% 1.7% 

Table 1 1. Spatial distribution of additional traffic 
veh. km/day annual distribution 
( L  000) average C IS OS 
IDF (1976-91) +1,670 3% 23% 74% 

GSP ( 1  977-87) +878 32% 31% 37% 
GRM (1974-93) +1,010 5% 18% 78% 

GSP (1 977-97) + 1,400 nd nd nd 
projections 
IDF (2000-20) + 1,260 -3% - 1 %  104% 

15% 76% GRM ( ~ o o o - ~ o )  + 1,150 8% 
74sources Dreif, STCUM, MetrB SP, projections Insee, Stat. 
Canada, Seade, Inrets, lnrs, USP. 

average annual growth rate 
1996-20 16 1 . 1 %  1.5% 2.2% 1.9% 

demographic proj. Stat.Canada , motorization proj. lnrs Table 12: Contribution of the automobile in total transport 
pollution in GRM 
pollutant auto/ total transport transport/ 

Table 9. Projections 1990-2020 GSP 1994 evol 90-94 total pollution 
cars (' 000) C IS OS GSP cov 70% + I %  43% 
2000 1,120 1,050 900 3,080 CO 74% + I  % 78% 
2010 1,170 1,230 1,330 3,730 Nox 4 1 Yo +4% 85% 
r d r s 2 0 2 0  1,300 1,445 1,790 4,530 CO2 45% +3% 50% 
average annual growth rate PP 55% +3% 30% 
2000-2020 0.7% 1.6% 3.5% 2.0% source: RMQA 1998 

demographic proj. Seade, motorization proj. InretsiUSP 

This growth rate for GSP in 2000/2020 could be 
considered as a low scenario since we are projecting the low 
motorization rates of the poor suburbs on the most dynamic 
zones froin the demographical viewpoint. This projection is 
the result of two separate tendencies: a saturation of 
motorization in the centre due to demographical decline, and 
a certain delay in the taking off of motorization in the outer 
suburbs. Such progression of the number of cars in GSP 
would nevertheless lead to a 50% increase of the private car 
fleet from 1997 to 2020 and a subsequent increase of 
circulation, in a context where traffic congestion and quality 
of air in SBo Paulo are already two major problems. Our 
estimation of the car fleet is much smaller than what is 
coininonly estimated on the basis of registers of 
Dcpurtumento do Trcfnsito, the State institution in charge of 
traffic administration. These registers count 5.6 millions of 
vehicles in 1996, 80% of which are cars [Reis & Di Palma, 
1999]; i.e. 4.5 millions in 1996 - our estimation for 2020! We 
feel however that the robustness of our statistic basis is 
confirmed by crossings between MetrB SP data and IBGE 
census data. 

Tablel3: average emission of a car in GRM 
emissions (g/km) 1990 1994 2010 
cov 2.13 1.45 1.04 
CO 
Nox 
CO? 

18.44 13.9 10.59 
1.42 1.12 0.78 
198 155 

PP 0.37 0.12 
source: RMQA 1998 

From the observations of the surveys we notice that in the 
recent past, IDF and GSP received approximately the saine 
amount of supplemental cars (1.2 million in 15 years and 1.5 
million in 20 years), and vehicle.km per day (25 million in  I5 
years and 28 million in 20 years). In  19 years, the 
metropolitan area of Montreal received a number of cars in  
proportion to its population (0.4 million cars) but almost as 
much traffic (1  9 million vehicle.km per day). The projections 
for the next 20 years add similar quantities of cars and traffic 
as in the previous period: +1.5 million cars in GSP, +1.8 and 
+0.67 million car, and +25 and +23 million veh.l<ni/day in 
IDF and GRM respectively. 

There is a major difference however that only spatial 
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decomposition reveals: in IDF and GRM, both for cars and 
traffic, the major part of the growth comes from the low 
density outer suburbs. In  GSP, it is the opposite. 

3. EVOLUTION OF THE EMISSIONS OF POLLUTANTS 

3. I .  The case of GRM 

In the GRM most of the car fleet rutis with gasoline. Its 
average as well as median age is of approximately 6 years. 
RMQA [ 19981 gives estimations of the contribution of 
pollution by the private car in total transportation pollution 
and that of transportation in total atmospheric pollution for 
1994, as shown in table 12. Modeling the emissions for an 
average car in 1990, 1994 and 2010 by projecting tlie actual 
rates of renewal of the fleet gives the results shown in table 
13. 

The evolution of technology and the renewal of tlie fleet 
of table 13, combined with our traffic growth projection 
suggest a stabilization of COV and CO emitted by cars in the 
centre, and a significant increase in the suburbs. NOx 
emissions would be reduced everywhere. It may be noticed 
that RMQA makes the asutnption that traffic will grow of 
+25% from 1994 to 20 10, and for this reason, its conclusion 
is more optimistic on the evolution of automobile emissions 
i n  GRM. 

Buses in the GRM are mostly diesel powered, their 
number i n  1994 was around 6,400 (3,500 public buses and 
2,900 scholar) [RMQA, 19981. 

3.2. The case Of lDF 

The quality of air has improved in  Paris since the 1980s. 
Concerns remain for NOx i n  the dense areas and 0 3  in the 
periphery [Hivert, Morcheoine 19981. Gallez [ 19951 shows 
that from 1976 to 1991, mainly because of growing car 
ownership and urban sprawl, the total energy consumption 
due to mobility (all modes) has increased by 58%. One 
quarter of tlie automobile is diesel powered and another 
quarter is equiped with catalytic converters [Servant 19971. 
This high proportion of diesel powered cars is a French 
peculiarity. As a consequence, particles emissions are larger. 
I n  1996 in IDF, the average age of the fleet was superior to 6 
years with 54% of the vehicles less than 5 years old. 

Specific data on average emission rates for IDF fleet is 
lacking. We know, however, that despite a traffic and 
consumption increase of about 15% during the next ten years 

Table 14: Contribution of the automobile in total transport 
pollution in IDF 
pollutant auto/ total auto/ total transport10 

daily mobility* road transpo total pollution 
cov 82% 46.5 55% 
CO 99% 
Nox 90% 58.9 67.3% 
CO2 93% 
PP 78% 
* source: Inrets [Gallez 19951, a source: Citepa [DRIRE 19991 

the self limitation agreement of car builders could lead to 
zero increase in CO2 emissions, and European regulations 
(EURO I to IV) should give a considerable decrease for local 
pollutants (for instance, dividing CO by four). Perspectives 
are more uncertain for NOx and COV. 

In addition to the automobile, IDF bus fleet is almost 
exclusively diesel powered; 4,000 RATP buses circulate i n  
the centre and inner suburbs, and their average age was 7.75 
years old in  1996; 3,000 buses, two years younger in average, 
operate in the periphery [Servant, 19971. 

3 3. The case of S6o Paulo 

The quality of air is a major concern in Siio Paulo and 
concentrations of the different pollutants rarely stay long 
under the acceptable norms, especially in  winter time. Cetesb 
[ 19991 shows significant reduction of concentrations of SO2 
since 1981, and a reduction for CO and NOx as well, but 
since 1990 only. However 03 concentration have increased 
since 1990, tropical summer favours its production. Both for 
pollution and traffic concerns, the State of Siio Paulo (from 
1995 to 1998 in winter months) and the Municipality (every 
day at peak hours in tlie centre except in school holydays) 
imposed an interdiction of circulation one day per week 
based on the registration plate. 

Brazil is known to have developed the utilisation of 
ethanol as fuel and to produce a specific fuel, the gusool 
(composed of gasoline and 24% ethanol since the legislation 
of august 98). Such fuels have very low emission rates of CO 
and make lead unusefiil [Faiz et al. 19951. 

Vehicules using exclusively alcohol have been produced 
between 1980 and 1990. They represented 50% of the car 
fleet of GSP in 1989 but only 23% in 1998 (this number is 
probably overestimated, since the private fleet running on 
alcohol is much older than the gasool fleet - 1 1.15 years vs 
7.2 years - for Brazil as a whole: sources: Detran and 
Geipot). The perspectives which could be induced by the new 
norins in Brazil are similar to those which we find i n  
european or north-american countries. The national 

Table 15: Contribution of the automobile in total transport 
pollution in GSP 
po I lutant car1 total road road transport/ 

transport total pollution 
HC 80% 97% 
CO 
Nox 
MPio 

86% 98% 
27% 96% 
25% 40% 

SOS 35% 5 7% 
source: Cetesb 1999 

Table 16: estimation of average pollutant rates in GSP 
pollutant (g/km) alcool gas001 (22%) 
HC 1.9+1.5* 1.6+2* 
CO 16.9 15.8 
Nos I .2 0.9 
MPio 0.08 
s o x  0.16 

* = exhaust + evaporation; source: Cetesb 1999 
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programme PROCONVE had for effet to reduce 
progressively the maximum rates of emissions authorized for 
the new vehicules, from 24 gikm of CO in 1990 to 12 gikin 
in 1994 and to 2 gikm i n  1997. 

Our projections suggest an inversion in the dynamics of 
the growth of the fleet. Inhabitants of the periphery should be 
responsible for most of tlie additional cars in the future, but 
tlie growth of traffic in the central zones might stay 
significant for the next years to come. It is therefore most 
important that tlie renewal of tlie fleet should be quick. Such 
objective may be helped by tlie competition among car 
builders (source CCFA), recently stimulated by enormous 

there as well. Congestion and bad quality of air were obvious 
consequences of it. 

On a prospective point of view, this method made it 
possible to continue the comparison for the years 2000-2020 
with a demographic based model. It appears that if the strong 
econoinic and social differences remain between the urban 
zones of GSP, the fleet might continue to grow less, in 
number, in GSP than in IDF, so that household inotorization 
would stay much lower in GSP than in IDF and GRM. Tlie 
continuation of the urban sprawl in GRM and, to a lesser 
extent, in IDF would result in another absolute increase of 
circulation of +23 million veh.km in GRM, +25 million i n  

investments made by Brazilian traditional main car builders IDF, localized in the periphery for the most part. In GSP, we 
(VW, Ford) or newcomers in the country (Renault, Peugeot). can extrapolate froin the fleet projection an increase of 125  
This should accelerate the introduction of new models, million veh.kni (low scenario of +2% growth per year) or 
particularly in rich inetropolitan areas where motorization is +30 million (+2.5% per year). The increase would 
much higher than in  the rest of tlie country [Droulers & concentrate now in the periphery of GSP, which might make 
Costa-Gomez, 19991. Therefore the rural areas could be a it possible for technology to slow down emissions of 
spillway for older cars while fleets of richest towns could pollution in the centre. 
regenerate rather rapidly. Spatial distribution of estimations brings useful 

Another part of the problem of pollution is the emissions information 011 the possible impact of traffic on pollution. 
made by diesel powered vehicles. GSP has one the greatest Studies on mobility are important for a better anticipation of 
diesel powered bus fleet in  the world, extremely concentrated urban pollution, and, especially for cities of emerging 
i n  the centre. I n  SZo Paulo municipality (9.8 million people countries, this studies might be extended by two general 
i n  1996, 59% of the GSP) tlie municipal bus fleet was over questions. What role will play in the future the size of 
11,500 i n  1992 until 1997 [Brasileiro, Henry et al 19991. connurbation, population density and the history of car 
Other fleets of the GSP set the total number at around 25,000 ownership? Will emerging metropolitan areas follow the 
buses in the RMSP in  1995, (data E. Henry OnibuCad). I n  same evolutions as those observed i n  developed countries? 
S5o Paulo and Rio de Janeiro more and more buses powered 
by gas have been introduced. 
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Modelling urban traffic noise in Delhi and abatement measures 

S. S. Jain & M. Parida 
Department of Civil Engineering, University of Roorkee, India 

ABSTRACT : In the present study noise level models have been developed taking traffic 
volume, average speed of traffic stream, distance from pavement edge as independent 
variables. Separate models were developed for each of the landuse category. ‘The effect of 
abatement wall in noise reduction lias also been discussed. 

1 .O INTRODUCTION 

Phenoiiieiial growth of vehicular 
population in cities has resulted in increase 
of noise level within residential coloiiies 
and silence zoiies. Besides vehicular 
eiiiissioii rcad traf‘fic noise another major 
eiivironniental polluants iii Delhi city , the 
capital of India. Road traffic noise is 
responsible for 5 5  percent of total noise. A 
detailed noise and traffic study was 
undertaken at 27 different locations in 
various land use zones ii: Delhi. The 
inforniation lias been used to develop noise 
prediction models. An attempt has also 
been niade to study the effectiveness of 
noise abatement wall. 

2.0 FIELD STUDY AND DATA 
COLLECTION 

The above locations identified for noise 
study match with the locations (1) chosen 
by Central Pollution Control Board, New 
Delhi during June, 1989. Table 1 shows the 
details of Identified locations. These 
standard noise monitoring stations were 

chosen for data collection in different land 
uses. Noise level, traffic volume and spot 
speed nieasurenients (2) were carried out at 
each of the locations. 

2.1 Novel Level 

To record the traffic flow generated noise 
levels, noise level meter no NL 2100 B 
hlanufactured by Coiiipoiieiits and Control 
Systenis (CCS), Roorke;. has been used. It 
was placed at a specified distance fi-oni the 
pavement edge and at a height of 1.2 ni 
from the ground level. 

2.2 Traffic Volume 

The traffic volunie data lias been collected 
through manual counts. At all the twenty 
seven locations one hour classified, 
directional traffic \ d u m e  data during peak 
hour were recorded, in  a predesigned, 
hourly traf’fic volume profor riia which was 
subdivided in 5 minutes time intervals. 
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'Tabie 1 : Nuise parameters for selected 
locations in Delhi city of India. 

Now PulrmcnmdEW 
T Y ~ C  or Locrua" LIO LIO I 'M Lzq 

- I l l l 4  UIC Name 

h l C " L C  4 I I L I 5  88 11 16 81>7 
z*nc Saidaqvng Harpild 88 19 71 8102 

R h( L Rorpnd 82 16 70 78 51 

Kalaw*uru~Horp iu l  79 12 65 711 
D P S hlithurr R o d  89 82 11 81 16 

I Y N Horpitd 81 79 72 8202 

K c d n a d  Aihut Vihu 82 77 1I 7841 
lone NcvFricndrCuluny 17 11 64 75 16 

Giuier Kdaih 82 7 5  64 7917 
Tl"lvp"' 8( IS 61 80 16 
ArhmChuuL 91 82 71 8 8 4 5  
sarm Vlhu 81 16 1, 7179 

Conirnuccal Kuol Blgh 86 17 10 81 I1 
Z""C N h  Ylrcc $ 1  14 67 1150 

CunniughtYlrcr 88 82 78 84 57 
Chmdoi Cbwk 89 83 JJ 81 11 
Shhadaa 81 19 7s 8079 

lndurvlal Anmd Parha 81 11 68 7902 
Zeln Wsnrpur 82 16 71 18 18 

kvliNigu 84 18 74 1979 
N ~ a i u l n d ~ ~ u i d  ku 84 11 71 1002 

H~.\-, rrlifis I 1 o 88 79 11 8202 
Zonr hrrhrntrr Gale 88 80 10 85 79 

lildia GIW 84 79 7) 8 1  18 
Kmgrur) Camp 81 16 70 1910 

hI"1Chd"d 87 82 11 11 11 
H w  Khar 81 IJ 68 I1  1 S  ~ _ _ _ _  

2.3 Spot Speed Measurements 

A Doppler Radar speedoniotor was used 
for measuring the spot speeds in Kmph. 
Speeds for all tlie categories of the vehicles 
were recorded in a predesigned preform 
for hourly duration, which was subdivided 
in 5 minutes interval columns. To facilitate 
the computations, tlie first step in the 
analysis of the observed speed data of 
whole traffic stream was grouped into 
speed - class intervals and a frequency 
distribution table was prepared for every 
hourly observed spot speed data, at all the 
study locations. 

3.0 Data Analysis 

Data analysis has been done using MS 
EXCEL-97. Various parameters i.e. 
Passenger Car Noise Equivalence (PCNE), 
Weightged Flow (Qw), average Speed of 
Traffic Stream (V) and Equivalent Noise 
Level (Leq) were calculated for the use in 

the development of mathematical models. 
Leq has been calculated as follows and 
Leq. Values for different locations along 
with L,,, LjO,& L,,, are given in Table 1.  

3.1 Determination of PCNE 

The intensity I of sound corresponding to 
noise level L dE (A) is 

....................................................... 0 (2) I == 10 1/10 x I 

Where I ,, = reference intensity 

Now corresponding to Lc dB (A) of sound 
level produced by car intensity is given by 

I, ~ 10 Lc!lO 
>; 1 (I ................................................... (3) 

Corresponding to L ,  dB(A) of sound level 
produced by a particular vehicle intensity 
I, = 11 x I, (4) ............................................................... 

Considering total intensity due '11' cars is 
equal to intensity due to one particular 
vehicle, 

1,. = 1 o l N l ~ x ~ o  = llx I O L C i l O  
XI, ............................ ( 5 )  

where n = PCNE of any particular 
type of vehicle whose noise Level is L,dB 
(A) 
To determine PCNE factor of different 
types of vehicle whose noise Level data of 
individual vehicles have been collected and 
cumulative noise frequency table has been 
made. Fifty percentile liaise level has been 
calculated. Further from this, PCNE value 
fbr different categories of vehicles have 
been calcuiated. 
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___ -- 

\‘ehicl;s Bus Truck Two Tht~ Cycle 
Type wheela wheeler Rickshaw 
PChT 108 2 0 0  128 708 008 

Qw the weighted flow was computed using the following equation 

Qw the weighted flow was computed using 
the fo 1 1 owing equ a t i o 11. 

iic, n,), n,, i i2 \ \ ,  11, \\,, and II,, are PCNE values 
for car, bus, truck, two wheeler, three 
wheeler and cycle rickshaw respectively. 

4.0 F O R M U L AT1 ON S OF 
MATHEMATICAL MODEL 

The following steps have been adopted for 
in o de 1 fo rni 11 1 at i o n . 
(i) Identify and list the various possible 

variables which could be considered for 
developing the predictive models, and 

(ii) Establish the independent and 
dependent v a r i a b 1 e s. 

Though, there are a number of 
independent variables (3) which may affect 
the traffic noise parameter. I n  the present 
study the important paranieters like hourly 
traffic volume (Qw in EPCNE/hr), average 
traffic flow speed (V in KMPI-I), distance 
of the observer froni the elge of the 
pavement (d in  meter) were taken as the 
independent variables and Leq as the 
dependent variable. The following 
re 1 at i ons h i p 11 as been e s t a b 1 i shed bet cveen 
independent and dcpendent parameter : 

Where, 

Y is a trat’tic noise parameter i.e. f ~ q  
(Eqiiivaleiit Sound Energy Level in dBA) 
a,, is a constant, 
X,  represent the traffic volume (Q, in  
EPCNE/hr) 
Xz represent the average speed (V in 

X, represent the observer’s distance (d in 
meters) and 
a , ,  a2 and a, are the coefficients to be 
determined. 

kn1ph) 

-5.0 NOISE LEVEL Leq Prediction Model 

Regression analysis was carried out 
amongst the various parameters for 
different land uses i.e. Silence Zone, 
Residential Zone, Commercial Zone, 
Industrial Zone and Heavy Traffic Zone 
and the values of co-efficients are 
presented in Table 2. 

TABLE 2: REGRESSION AKALYSIS FOR PREDICTION OF L, 

SI LanduseSype “X” Constan1 ‘X’ Co-eficienk 
Y O  Parameters 

I Filence Zoiie Log (Q,),d 41 45 8 58,-0 14 

2 Residential Zone Q,,, V,d 49 41 0 00366,O 023,-0 19 

3 Commercial Zone Log(%), V,d 59 96 7 84,-0 25, -0 55 

4 Industrial Zone Qw, V,d I4 82 0 oOO41,O 075,-0 58 

5 Havy TraffcZone QUs d 74 20 0 00076, -0 21 

6.0 Effect of Xvise .Abatement Wall 

To contro! noise level in silence zone and 
residential iireas construction of‘ noise 
abatement wall has been considered as one 
of the effective solutidii. This ineasiire has 
been adopted in the New Friends Colony in 
Delhi in the form if brick iiiasoiiry wall. ‘To 
study the effect of this wall in the present 
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condition, noise data has been collected on 
both side of road at 9n1 distance from 
pavenient edge. So tlist one side of i t  is 
behind the abatement wal! and otherside 
without abatement is on only one side. The 
data has been collected for ten minute 
interval for ten minute interval for both 
side at same tiniz. Noise parameters 
calculated for both conditions has been 
given in 'Table 3. 

Noise 
Parameters 

L I O  

L50 

L90 

Table 3 : Effect of Abatement Wall 

Without With 
Abatement Abatement 
Wall dB (A) Wall dB (A) 

77 70 

73  47 

66 36 

Les I 75,421 70.121 

CONCL US ION 

To check tlie validity of the developed 
models, data collected under a University 
Grants Commission (UGC) sponsored 
research project (4) has been used. With 
tlie help of' these data, coinparison of Leq 
observed aiid Leq predicted has been made. 
Due to liinitation of space tlie details of 
comparison, it  is clear that Leq calculated 
t hi-o g 11 va r i o 11 s n io d e 1 s are approximate 1 y 
iiear to real observed Leq. This comparison 
shows the actequacy of developed models. 
The niodels developed in this study shall 
be useful in  predicting fiiture traffic noise 
using the inputs of traffic stream 
parameters i.e. traffic volume and traffic 
speed. Tlie model can quantify tlie impacts 
of transport developiiient and can be used 
as a part of' the developineiit of 
Environmental Impacts of transport 
developnient and can be used as a part of 

t lie d eve 1 o piiie n t o f Env i r oniiient a1 I ni pac t 
Assessment. 
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Some observations on gaps between aims and reality in implementing 
environmental policy in the urban transport sector in Southern Afnca 
Considkrations sur la coupure qui existe entre les objectifs et la rkalitk au niveau de la mise 
en oeuvre d’une politique environnementale dans le secteur des transports urbains en Afrique 
du Sud 
Algunas observaciones sobre las diferencias entre 10s objetivos y las realidades existentes 
para implementar una politica consciente del medio ambiente en el sector del transporte 
public0 sudafricano 

l? N. W. Freeman 
CSIR, Trunsportek, Pretoria, South Africa 

ABSTRACT: There have been many changes in Southern Africa since 1994 when a democratic government was 
elected in South Africa. Prior to this date the neighboring “Front-Line States” were in confrontation with the 
beleaguered Apartheid-Government and environmental issues, for example, were often seen to be of lesser importance. 
The eventual resolution of the “South African Question”, however, paved the way for a variety of reforms in many 
sectors and the expansion of the Southern African Development Community (SADC) soon followed. This has lead to 
some interesting changes in policy approaches and this paper will look closely at the way environmental issues are 
being regarded in the region. Essentially there are a number of agendas evident, some of which are quite Issimilar. 
These include the aims of the donor agencies, the different governments, the implementing authorities, the lobby groups 
and the communities affected. It is argued that there is a substantial gap in many cases between aims and reality, but 
that although there is still a considerable amount of “lip service” there is also a growing awareness of the importance of 
environmental issues. This paper, focusing on the urban transport sector, examines which strategies appear to be most 
successful in the developing country context and where policies can have the best impact in a climate of scarce 
resources. 

RESUME: De nombreux changements sont intervenus en Afrique du Sud depuis 1994, date a laquelle un 
gouvemement democratique a ete elu pour diriger le pays. Avant cette date, les pays de la (( ligne de fiont )) Ctaient en 
conflit avec le gouvernement assiege du pays de l’apartheid. Les questions environnementales, par consequent, etaient 
souvent considerees comme de moindre importance. Finalement, la solution du (( probleme sud-africain )) a pennis de 
mettre en auvre diverses rkformes dans un grand nombre de secteurs, et le developpement de la Communaute pour le 
Developpement de 1’Afrique Australe (Southern African Development Community, ou SADC) a bient8t suivi. Des 
changements intkressants se sont alors produits au niveau des demarches et des politiques ; cet article se propose par 
consequent d’examiner de pres la maniere dont les questions environnementales sont considerees dans la region. Nous 
sormnes essentiellement en presence d’un grand nombre d’ordres du jour evidents - dont certains sont contradictoires - 
parrni lesquels on peut mentionner les objectifs respectifs des organismes donateurs, des divers gouvernements, des 
autorites chargees de la mise en ceuvre, des groupes de pression et des communautes concemees. Nous tenterons de 
demontrer qu’il existe une coupure considerable, dans bien des cas, entre les objectifs et la realite mais que, malgre les 
nombreux (( vcelpx pieux D, on assiste a un developpement croissant de la conscientisation aux questions 
environnementales. Cet article, en se concentrant sur le secteur des transports urbains, se propose d’examiner les 
strategies qui semblent reussir dans un contexte de pays en developpement, et les lieux ou les politiques 
environnementales peuvent avoir le meilleur impact dans un climat de ressources restreintes 

RESUMEN: La eleccion de un gobierno democratico en 1994 en la Republica de Sudafrica, origin0 grandes cambios 
en Africa Austral. Antes de esa fecha, existian confrontaciones entre 10s paises vecinos de la “Linea del Frente” y el 
sitiado Gobiemo del Apartheid y, por ejemplo, 10s asuntos referentes a1 medio ambiente, normalmente eran 
considerados de menor importancia. Sin embargo, la eventual solucion del “Problema Sudafricano” allano el camino 
para efectuar reformas en varios sectores que a su vez fomentaron la expansion de la Comunidad para el Desarrollo de 
Africa Austral (SADC). Esto ha llevado a varios e interesantes cambios en el enfoque de las diversas politicas y este 
papel analiza en forma detallada como se enfocan 10s temas relacionados a1 medio ambiente regional. Esencialmente, 
existen muchas y variadas agendas. Estas agendas incluyen 10s objetivos de las agencias donantes, 10s de 10s distintos 
gobiemos, 10s de las autoridades que 10s implementan, 10s de 10s grupos activistas y 10s de las comunidades afectadas. 
Se argumenta la gran diferencia entre 10s objetivos y la realidad, per0 a pesar de que todavia existe una gran cantidad de 
“charlataneria” tambikn existe una conscientizacion general de la importancia que tienen 10s problemas del medio 
ambiente. Este papel, que trata el sector del transporte urbano, examina cuales son las estrategias m k  exitosas en el 
context0 de 10s paises en desarrollo y como pueden producir mayor impact0 las politicas cuando se las aplica en un 
clima de pocos recursos 
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1 INTRODUCTION 2 ENVIRONMENTAL ISSUES AND POLICIES 
IN SOUTHERN AFRICA 

Since the mid eighties, and particularly with the 
ending of the East-West cold war increasing 
attention has been paid to the potential for non- 
military, human-centered threats such as 
environmental issues to affect the existing global 
order. The potential for environmental harm has 
escalated with a burgeoning world population, the 
rapid consumption of scarce resources and skewed 
income distributions especially between developed 
and developing countries. Phenomena such as global 
warming and acid rain are widely debated and there 
is little doubt about the seriousness of their effects. 
However, there are growing concerns that not 
enough is being done to mitigate negative global 
impacts and the debates around the moral issues of 
responsibility and affordability are generally avoided 
in political circles. 

Experts estimate that North Americans may have 
to triple the price of petroleum fuel to meet world 
goals set in terms of the 1997 Kyoto Protocol for the 
reduction of vehicle pollution. This protocol 
commits signatories to reduce emissions of carbon 
dioxide and other greenhouse gases to 1990 levels 
over the next 10 to 12 years. To get to a 20 percent 
emission reduction from cars for example would 
require tripling the price of petroleum in Canada, 
according to Prof. Soberman of the University of 
Toronto. Just doubling the fuel price would reduce 
driving by only about 4 percent in cities and close to 
15 percent in suburbs for an overall reduction of 
about 10 percent in emissions. People not living near 
public transport routes would simply have to bear 
the additional costs. A study for the Canadian 
Federal Agency Ministry on “full-cost pricing” 
estimated that automobile users may pay as little as 
half of the true costs of driving. 

In developing countries the prospects for 
introducing environmental taxes are far worse. 
Mordability levels are much lower and the 
environmental lobby has to contend with competing 
demands for more expenditure on schools, hospitals, 
water and sanitation schemes and other basic 
services. There is also a common perception that the 
extent of environmental damage has been 
spearheaded by the first world economies and that 
these countries have a moral obligation to assist the 
developing world in this regard. 

Southern Africa is a microcosm of this debate and 
this paper examines the issues more closely in the 
urban transport sector in the region. The realities 
effecting Southern Africa, however, are equally 
applicable in many other developing countries. 

Southern Africa is endowed with an interesting 
range of natural resources and an impressive 
diversity of wild animals and plants, which, to a 
certain extent, are still found in their natural habitats. 
However, because of the rapidly growing population 
the fear is that without decisive action the rate of 
degradation could double over the next 30 years. 

The official policy adopted by SADC is prefaced 
by a statement that there should be an urgent and 
radical transition towards environmentally 
sustainable development. SADC policy and strategy 
provides the basis for implementing Agenda 21, the 
global action plan for environment and development, 
adopted at the 1992 Earth Summit, (set in the 
Southern African context). Its primary aim is to 
address poverty, which is considered to be the main 
underlying factor causing environmental degradation 
in the SADC area. 

The goals of the SADC Environment and Land 
Management Sector, as articulated in the SADC 
Policy and Strategy for Environment and 
Sustainable Development, are: 
- To protect and improve the health, environment 

and livelihoods of the people in Southern 
Africa, particularly the poor. 
To preserve the natural heritage, biodiversity 
and life-supporting ecosystems in Southern 
Africa; and 
To support regional economic development on 
an equitable a sustainable basis for the benefit 
of present and future generations. 
Environment management is instrumental in 

achieving sustainable utilization of the region’s 
resources, It is also crucial to the socio-economic 
integration process. 

The Environmental Information Systems (EIS) 
Programme, the Environmental Education 
Programme and the Environmental Information 
Exchange Networking Programme are already 
ongoing programmes. 

Initiatives, which are at the design stage, include: 
0 Integrating Environmental, Economic and Equity 

Impact Assessment into Decision-Making; 
0 Formulating a strategy and programme for the 

‘brown environment’ (environmental issues 
arising from, for instance, urbanisation and 
industrialisation); and 
Developing programmes to address other priority 

environmental issues, such as biodiversity. 
It can be seen that for Southern Africa as a whole 

urban transport issues do not feature strongly. The 
focus is more on land management, education and 
preservation of natural resources. 

Many of the programmes are still in their infancy 
or design stage and concern has been expressed in 

- 

- 

0 
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some quarters that there is slow progress due the 
complex bureaucratic structure of the SADC 
administration coupled with lack of resources and, in 
some countries, instability. 

The largest economy in the region is South Africa 
and this country has the only truly metropolitan 
areas i.e. Johannesburg-Pretoria, Durban and Cape 
Town. South Africa is preparing a national state-of- 
the environment report. In this report the reliance of 
the country of coal and oil or its products for ener 
purposes is the reason for the extent of CO2 and SO 
emissions. The transport sector contributes 44 per 
cent of the total national nitric oxide emissions and 
45 per cent of the total national volatile organic 
carbon emissions (VOC). VOC combines with nitric 
oxide and carbon monoxide, in the presence of 
sunlight, to form photochemical smog, which is 
particularly bad in the large urban areas. 
Concentrations of carbon dioxide as measured at 
Cape Point show a steady overall increase of 
approximately 0.6 per cent per year. 

Troposphere methane has increased steadily from 
1983 to 1998 (total increase of 8.3 per cent over the 
time period). In general, the worst air quality in 
South Africa occurs when wood, dung or coal is 
used as fuel inside poorly ventilated dwellings in 
informal urban settlements and rural villages. 

On the other hand there has been a decrease 
especially in urban areas in ambient lead 
concentrations over the past few years, which can be 
ascribed to the decrease in, lead concentrations in 
petrol. On average, the temperature stations in South 
Africa have shown an increase of 0.2"C during the 
nineties, but this is not yet a cause for alarm. 

The development of several new environmental 
policies, the inclusion of environmental rights in the 
Constitution, and the increased funding for 
environmental issues are positive changes in the 
South African political scene. These changes have 
arisen from both national and international 
pressures, and in turn, are having national and 
international impacts, such as the redirection of 
fbnding within the country, and a marked increase in 
the availability of donor funding. 

g3 

3. ENERGY USE AND ENVIRONMENTAL 
IMPACTS IN URBAN TRANSPORT IN 
SOUTH AFRICA 

One such donor-funded project is a World Wild 
Life sponsored project focused on sustainable 
development in Southern Africa. At the time of 
preparation of this paper only data for South Africa 
were available, however. 

The rate of growth of motor vehicle population 
has exceeded the rate of the human population 
growth since 1970. Between 1980 and 1990, for 
example, the car population grew at an annual rate 

of 3.9 per cent, while the human population 
increased at 2.5 per cent. The number of cars in 
1996 stood at 3.8  million and is projected to grow to 
6.4 million by 2020. This process is speeded up by 
increasing urbanization coupled with a gradual 
reduction in average household income disparities. 
At the same time, however the average age of the 
vehicle fleet is increasing due to pressures at the 
lower end of the income scale. 

The public transport system, normally offered as 
an alternative to private car transport, is largely a 
commuter system with traditionally low levels of 
service. An operator-based bus subsidy system with 
all incentives geared to the operator to keep costs to 
an absolute minimum has translated into the slow 
retirement of buses. Operating conditions in the 
minibus taxi industry, on the other hand, have also 
resulted in poor levels of capital investment in the 
minibus fleets. The average age of minibus taxis is 
estimated to be approximately 9 years old, while that 
of buses is estimated at more than 11 years, with 
obvious implications in terms of energy 
consumption and emission levels. 

Transport ranks as the third most important user 
of energy in South Africa in Tetra joules (TJ), 
accounting for 24.9 per cent of the total (2.4 billion 
TJ), aRer industry (35.4 per cent) and residential 
consumption (24.9 per cent). Over 90 per cent of 
transport energy is derived from liquid fuels. The 
remainder is mostly provided by electricity. 

The modal use of energy by the South African 
transport sector in 1996 is summarized in Table 1 

Table 1. Energy consumption by the South African Transport 
sector, 1996 
Mode Coal Electricity Petrol (kl) 

(Tons) (GWh) 
Road 7 539 10 467 734 
Rail 23402 3446 19.5 - 
International air - 
Domesticair - 12 890 
Pipeline 59 092 
Other 748618 3 161 
Total 4 274 334 10 470 895 

Diesel @I) Avgas $1) Jet fuel &I) 
Road 3315331 - 
Rail 19637.5 - 
International air - 855 173 
Domestic air - 25 1.57 745 293 
Pipeline 
Other 3 153 
Total 3 514 879 25 157 1601 006 

(Source: Department of minerals & energy, Digest of South 
African Energy Statistics, 1998) 

Price elasticity's of demand for the main 
petroleum fuel types used in land transport have 
been calculated for South Africa for the period 1996 
to 1998. The results of the exercise are contained in 
Table 2 

183 



Table 2. Fuel price elasticities of demand for SA 
Fuel Type Elasticity 
Petrol - 93 Octane 0.124 
Petrol - 91 Octane 1.248 
Diesel 0.427 

The results in Table 2 indicate that the demand 
for leaded petrol (93 octane) and diesel are relatively 
price inelastic. The results for unleaded petrol (91 
octane) indicate that demand is relatively price 
elastic. This must be seen in context of the (albeit 
slow) take-up of unleaded petrol, with leaded petrol 
still enjoying over 90% of the market share. It would 
appear that a greater price differential between 
leaded and unleaded fuel (currently 4c/Q) is needed 
to give unleaded petrol greater penetration into the 
market. 

In 1998 the South African National Department 
of Transport put forward a draR discussion 
document based on its strategy project “Moving 
South Africa”. (MSA) This was followed a few 
months later with “ An Action Agenda”. MSA 
research concluded that if earnings rise above R30 
000 (US Dollars 5 000) the car starts to dominate as 
the preferred mode of transport. 

MSA segmented the urban passenger transport 
market according to various criteria as summarize in 
Table 3. 

In terms of future transport energy requirements, 
Table 3 indicates a significant growth in the number 
of people that prefer to use motorized transport by 
2020. The use of fossil fuels and the amount of 
vehicle emissions emitted are primarily a function of 
number of vehicles in use and vehicle kilometers 
driven, given the characteristics of the vehicle fleet 
and operating conditions. 

In terms of future transport energy requirements, 
Table 3 indicates a significant growth in the number 
of people that prefer to use motorized transport by 
2020. The use of fossil hels and the amount of 
vehicle emissions emitted are primarily a function of 
number of vehicles in use and vehicle kilometers 

Table 3. South African Urban passenger transport 
Segment Criteria %of Numbe % 

Urban r Growth 
pop (1996) to 2020 

M 
Strider Cost 23 5.4 28 
Stranded Cost 12 2.8 28 
Survival Cost Speed 17 4.1 24 
Sensitive Speed, cost 9 2.1 25 

Choice 

choice 
Convenience 

Convenience 

Selective Speed, 19 4.1 39 

Stubborn Speed 19 3.0 88 

Total urban population 21.4 38% 
(1.4%pa) 

driven, given the characteristics of the vehicle fleet 
and operating conditions. 

Increasing private car ownership and usage is 
widely expected in South Mrica over the next 20 
years, with the “stubborn” category of the 
population (3m) projected to grow by 88%. 
Likewise, the “selective” element is set to grow by 
39%. The car fleet is projected to grow by 64% 
between 1996 and 2020. This even more concerning 
when measured against the provision of an 
alternative to the private car in the form of 
reasonable public transport system. The dependency 
on car usage arises in part due to the lack of an 
attractive alternative to the car, as well as incentives 
such as company cars and car allowances, which 
make the use of a car a relatively cheap and 
attractive option. The issue is not only how to get the 
“stubborn” out of their cars, but how to keep a 
substantial portion of the “selectives” (2.6m in 1996) 
on public transport. 

The apartheid system’s legacy of dormitory 
townships on the urban periphery with long travel 
distances from work centers is being exacerbated by 
current land use planning in South Africa which 
locates new low cost housing on the cheapest land 
and away from the urban centers In parallel, current 
development practices of locating commercial 
development out of the CBD and in the suburbs 
creates urban sprawl and renders the service of these 
areas by public transport non-viable. Due to these 
considerations, average commuter trip distances are 
17km for private cars and 20km for public transport, 
compared with lOkm in European and Latin 
American cities. 

A further issue has been the need to value and 
eventually price externality costs of transport. Such 
costs represent the external costs that transport usage 
imposes on the rest of society, primarily in the form 
of congestion, air pollution, noise, accidents, global 
warming and infrastructure. The quantification of 
externalities is a very complex task and the current 
lack of reliable South African data has led to serious 
questioning of the practice of making inferences 
from European and North American studies. Current 
estimates in the order of R27 billion Rands (US $ 
4.5 billion) are put forward for the likely magnitude 
of externality costs in South Africa and only about 
half of this amount is currently met by fuel levies. A 
study is now in progress to address this lack of 
information. Obviously, societal costs are a highly 
political issue. City structures are based on inter alia 
historical transport costs and to move to a new price 
level overnight, which includes externality costs, 
would be highly unpopular and probably politically 
suicidal. There also needs to be a reasonable public 
transport alternative. 

South Africa seeks to average fhure urban 
development along “transport corridors’’ which 
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would encourage densification of the population and 
make public transport more viable. The government 
wants to replace the 126 000 16-seater taxis with an 
estimated 85 000 18-seater taxis and 35-seater mini- 
buses powered by diesel engines. The fitting of 
diesel engines is expected to increase South African 
diesel consumption by 67 per cent and make a dent 
in the current large diesel over-supply. Taxi 
operators are also expected to receive a price 
incentive at the retail pumps. Through these means 
the number of vehicles will be reduced and the 
overall condition of the fleet improved. 

4, ENVIRONMENTAL POLICIES TN 
SOUTHERN AFRICA : QUO VADIS? 

Southern African policy in general exemplifies a 
willingness to at least address the key issues related 
to the environment, although in cities urban sprawl 
and lack of resources make the task of limiting 
motor vehicles extremely difficult. However, the 
mitigating factor as yet is that the absolute number 
of vehicles is not as bad as in many other more 
urbanized parts of the world, whether developed or 
developing. 

Nevertheless environmental issues will tend to be 
secondary when the majority of the population is 
unemployed and lacks basic services and amenities. 
Not surprisingly the first “Green” candidate in the 
1999 South African General Election did not gather 
sufficient votes (40 000 needed in a proportional 
representation system) to secure a seat in parliament. 

The current status is one of uncertainty, as many 
policies are new and the impacts of their 
implementation are not yet evident. Furthermore, 
implementation depends on adequate capacity 
amongst government officials. In many cases this is 
lacking, as is the capacity for policing and 
enforcement. The system of environmental change is 
dynamic, responding to ever changing and 
developing international and national priorities and 
pressures. As our understanding and awareness of 
driving forces and their impacts grows results will 
improve. However, the state of the environment is 
gradually becoming a global issue and the developed 
countries will in the end have to take a more 
proactive stance to bring about meaninghl change in 
some developing countries, which simply do not 
have the resources to do what is needed to prevent 
permanent environmental damage. 

Southern Africa’s biodiversity and climate are 
ideal for the promotion of tourism, but this will have 
to be underpinned by translating policy into action. 
Current efforts to support the region in developing 
the capacity to do this are at least a step in the right 
direction. 

It has become obvious that public transport is a 
basic element of “liveable” cities which means a 

balance between private cars and public transport 
must be sought using public transport incentives and 
private car disincentives. This implies extensive 
education of the public and political leaders about 
the relationship between policies, types of 
transportation and character of the cities. In 
Southern Africa, with its new democracies and huge 
educational deficiencies, this is a formidable 
challenge. 
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Urban ecology, a comprehensive approach of the environmental issues related 
to transportation: The RATP case, Paris 
L’kcologie urbaine, une approche globale des liens entre transports urbains 
et environnement: le cas de la RATP 
La ecologia urbana, un enfoque de 10s lazos entre transportes urbanos y medio ambiente: 
El caso de la RATP 

FranGoise Duchezeau 
RATiq Paris, France 

Afjliation Elsewhere 
RATP has been more and more involved as an urban actor, far beyond its role as a 

transporter. Urban ecology is a strategic aim for RATP, as public transport will constitute a major asset in the 
sustainable development of the cities of the future. RATP’s comprehensive urban ecology policy revolves 
around four main themes: more ecological mobility, improved public transport, citizenship and an exemplary 
environmental record. RATP is committed to setting up a management system that takes into account the 
environmental considerations of projects, along with the performance of lines and industrial sites. The 
ecological reflex must be there in everything our staff do and in every decision the company makes. Finally, 
this is a long-term approach that will bring to the fore certain economic and fiscal issues involved in the 
choice of transport policies and the way operators manage networks. 

ABSTRACT 

RESUME: La RATP s’est de plus en plus investie au-dela de son metier de transporteur, comme acteur de 
la ville. L’ecologie urbaine est un axe strategique, les transports publics constituant un atout majeur pour le 
dkveloppement durable des mkgapoles : mobilite plus ecologique, attractivite renforcee des transports publics, 
citoyennetk et exemplarite environnenientale sont les quatre volets d’une politique globale d’ecologie urbaine. 
La RATP est engagke dans la mise en place d’un systime de management touchant aussi bien la prise en 
compte des aspects environnementaux dans les projets que les performances des lignes et sites industriels. Le 
reflexe ecologique doit etre present dans tous les actes du personnel et les decisions de l’entreprise. Enfin, ce 
type d’approche s’inscrit dans le long terme et fait progresser la dimension economique et fiscale dans les 
choix de politiques des transports et la gestion des operateurs. 

RESUMEN: La RATP se ha venido implicando mas y mas alla de su actividad de transportista, como actor 
de la ciudad. La ecologia urbana es un eje estrategico ya que 10s transportes publicos constituyen una ventaja 
principal para el desarrollo duradero de las megapolis : movilidad mas ecologica, atractivo reforzado de 10s 
transportes publicos, ciudadania y ejemplaridad medioanibiental son 10s cuatro sectores de una politica global 
de ecologia urbana. La RATP se ha coniprometido en la implementacion de un sistema de management que se 
relaciona tanto con la toiiia en cuenta de 10s aspectos medioambientales en 10s proyectos como con las buenas 
prestaciones de las lineas y sitios industriales. El reflejo ecol6gico debe estar presente en todos 10s actos del 
personal y las decisiones de la empresa. Por ultimo, este tipo de enfoque se situa a largo plazo y hace 
progresar la dimension economica y fiscal en las opciones de politicas de transportes y la gestion de 10s 
operadores. 

15 agglomerations comptent plus de 10 millions 
1 UNE PREOCCUPATION MONDIALE d’habitants. 

est directement liee a la 
Le phenoniene de l’urbanisation est mondial. I1 se possibilite de s’y deplacer dans des conditions 
caracterise, a l’aube du troisienie millenaire, par la correctes de temps et de securite, et supportables 
poursuite de la concentration des populations pour la santt et la qualite de vie des populations. 
urbaines dans les agglonierations millionnaires, qui En effet, le constat actuel est inquietant : 
devraient accueillir plus de 40% de la population beaucoup de villes sont paralysees par la circulation 
mondiale vivant en ville en 2010. Aujourd’hui deja, et asphyxiees par la pollution de l’air. Des quartiers 

Le devenir des villes 



entiers peuvent Etre exclus de l’acces aux activites 
et il s’y developpe, sur fond de ch6mage, violence et 
delinquance. Les cotits de telles situations sont 
considerables pour les collectivites. 

A ces enjeux regionaux s’ajoute la prise de 
conscience des risques de la concentration de gaz a 
effet de serre, principalement le gaz carbonique, sur 
les changements climatiques. Or, il est produit pour 
uii tiers par le secteur des transports, essentiellement 
les transports routiers. 

Les instances intemationales s’accordent pour 
reconnaitre que la viabilite des aggloinerations et 
leur developpement durable passent par une 
accessibilite organisee en etroite relation avec 
l’urbanisme, favorisant l’equite et la cohesion 
sociale, et par un transfert massif de trafic routier 
vers des transports collectifs efficaces, cornpetitifs 
et peu polluants. 

Les pays riches ont une responsabilite importante 
dans l’evolution attendue et ils doivent inontrer le 
chemin. 11s ont pris des engagements quantifies de 
reduction de leurs emissions de gaz a effet de serre 
d’ici 201 0. Leurs opinions publiques sont devenues 
tres sensibles aux risques de sante publique lies a la 
pollution atmospherique. Elles sont maintenant 
acquises a l’idee que le (( tout voiture )) tue la ville. 

L’Union europeenne met l’accent, dans ses 
politiques, sur la prise en compte systeniatique de la 
protection de l’environnement dam les decisions et 
les programmes de recherche. Desormais, la priorite 
aux transports collectifs est reconnue et affirmee 
dans le developpement urbain et Ia politique des 
transports. 

2 POURQUOI LA RATP S’EST ENGAGEE EN 
FAVEUR DE L’ECOLOGIE URBAINE 

Les transports publics ont tous les atouts pour 
repondre aux trois composantes qui permettront un 
developpement durable des villes : ils contribuent 
aux developpement economique, ils ont un avantage 
environnemental incomparable et leur r61e social est 
majeur. 

Le cas de la RATP est illustratif dans la region 
capitale fraqaise. 

2.1. Une,fonction indispensuble nu diveloppernent 

La RATP transporte chaque jour 9 millions de 
personnes. Dans Paris-meme, la RATP est un acteur 
majeur de la capitale : elle assure 60% des 
deplacements quotidiens et realise jusqu’a 75% des 
deplacements aux heures de pointe. 

Avec son reseau multimodal de 14 lignes de 
metro, 2 lignes de RER (reseau regional rapide), 2 
lignes de tramway et 240 lignes de bus, la RATP 
realise 80% du trafic des transports collectifs dans la 
region capitale fraqaise. 

La facilite d’acces est vitale pour le dynamisme 
des villes. La presence de transports rapides et 
fiables favorise l’implantation des activites, des 
grands Cquipements, des logements. La reussite de 
la ligne A du RER - qui a anticipi l’urbanisation et 
transporte aujourd’hui un million de personnes par 
jour - temoigne de cette attractivite. 

Les investissements pour la realisation d’un metro 
souterrain favorisent l’industrie et l’emploi au 
moment de sa construction, puis constituent un 
patrimoine actif dont la rentabilite socio-economique 
a long terme. 

2.2. Un avantage environnemental incomparable 

En milieu urbain, les transports collectifs provoquent 
beaucoup moins de nuisances que la circulation 
automobile. Dans la region de Paris, 80% de la 
pollution de l’air est due a la circulation, dont 
seulement 4% aux autobus. 

Tous les modes collectifs consomment moins 
d’energie au passager transport6 que la voiture : leur 
efficacite inergetique a Paris est de 2 a 2’5 fois 
suptrieure a celle de la voiture, y compris pour les 
bus. 

Les modes ferroviaires sont particulierement peu 
polluants : pas d’emissions de gaz a effet de serre 
localement, pas de pollution de l’air. Lorsqu’ils sont 
souterrains, comme le metro, ils consomment tres 
peu d’espace urbain. Globalement, ils generent 
moins de bruit que le trafic routier. Enfin, ils sont 
plus securitaires. La valorisation des impacts 
externes des modes montre la part ecrasante du cotit 
des nuisances de la voiture : 33 fois celui des 
nuisances des transports publics dans la region 
parisienne. 

2.3. Un r6le social majeur 

Les transports publics sont un lieu de brassage de la 
population. 11s jouent un r61e crucial : acclts de tous 

bas prix au transport, desenclavement des quartiers 
defavorises, emploi. 

Figure 1 .  Polluants par mode ( Source :Aderne) 
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Pour conibattre l’insecurite sur ses propres 
reseaux, la RATP s’est impliquee fortement dans des 
actions de prevention, d’education des jeunes et 
d’assistance aux populations defavorisees, en 
parteiiariat avec les niunicipalites, les ecoles, la 
poste, etc. Par ailleurs, elle valorise ses anciens sites 
d’ateliers et de dCp6ts de bus par des operations 
d’anienagement urbain et des logements sociaux. 

2.4 Une responsnbiliti qui d i p u s e  le mitier de 
trcmsporteur 

Pour la RATP, le choix de l’ecologie urbaine coiiinie 
axe strategique de son Plan d’entreprise 1998-2000 
resulte de cette implication, confortee par les 
attentes formulees par la population et les elus pour 
ameliorer la qualite de vie dans leur ville. 

Les enquktes realisees montrent que les transports 
publics ont le meilleur score de satisfaction (note de 
7 sur 10 en zone dense) et sont forteinent reclames 18 
oil ils sont peu iiiiplantes. 

Pour les habitants, la notion d’ecologie urbaine 
evoque la qualite de vie, c’est-a-dire la recherche 
d’un bien ktre a la fois individuel et collectif. Cette 
qualite de vie recouvre 
- 
- la possibilite d’acces aux activites par des 

- un cadre de vie de qualite : espaces verts, 

- des relations huinaines plus conviviales. une 

accordeiit a la RATP 
une legitimite forte pour s’engager dans l’ecologie 
urbaine et depasser son metier traditionnel de 
transporteur : 63% souhaitent qu’elle s’implique 
plus encore dans leur qualite de vie. 80% attendent 
qu’elle soit un  acteur de leur cite. 

Ces attentes envers la RATP sont confortees par 
celles des elus, des associations de defense de 
l’environnement et des experts de l’urbaiiisme et du 
traiisport : innover et inultiplicr les experiences de 

la lutte contre les nuisances, la proprete 

transports collectifs efficaces 

architecture, paysages 

societe plus harmonieuse. 
Les personnes enquitees 

Figure 2. Taux de satisfaction de la pop~ilation 

services nouveaux, faire progresser les bilans 
ecologiques des differents modes de transport et les 
outils d’aide a la decision, jouer un r61e pidagogique 
auprks de la population pour developper des 
comportements plus respectueux de 
1 ’environnement. 

Enfin, a l’intkieur de l’entreprise, les enquetes 
montrent un fort consensus du personnel en faveur 
de cette orientation ; il est prkt a s’engager dans son 
travail quotidien. 

3 UNE POLITIQUE GLOBALE 

De nombreuses actions etaient deja menees avec 
succis dam l’entreprise lorsque fut decide 
l’engagement dans l’ecologie urbaine. Cette 
experience a permis d’aller plus loin. 

Un facteur determinant d’une telle demarche 
reside dans l’iniplication de la hierarchie de 
l’entreprise : le President de la RATP, Jean-Paul 
BAILLY, kgalement President de 1’Union 
Internationale des Transports Publics (UITP), s’est 
personnellement engage dans ce choix. 

Une Delegation generale a 1’Ecologie urbaine et 
au Developpement durable rattachee a la Direction 
generale a ete creee en 1998 pour federer dans une 
strategie globale toutes les initiatives et les plans 
d’action, et niettre en place et animer le systeme de 
management et la culture du developpement 
durable. 

Les principes d’action ont ete arretes par le 
Comite executif de l’entreprise : 
- un niveau d’exigence accru dam le souci de la 

RATP pour la protection de l’environnement et 
sa contribution A la qualite de la ville 
une responsabilisation individuelle et collective 
visant a creer le (( reflexe ecologie urbaine H 
dam toutes les prises de decision, processus, 
coniportements quotidiens et management des 
projets, a l’instar du reflexe securite present dans 
toute l’activite de la RATP 

- l’exemplarite environnementale, gage de 
credibilite des transports publics colnine 
alternative aux modes individuels polluants 
deux valeurs essentielles pour l’entreprise : le 
respect (du client, du riverain, du personnel, de 
la sante, de I’enviroimement) et le souci 
d’economie et de bon usage des ressources. 

La demarche concerne tous les agents dans toutes 
les fonctions de l’entreprise. Pour cela, une premiere 
etape a consiste a integrer dans les contrats 
d’objectifs annuels des departements et des unites 
des objectifs et plans d’action concourant a 
l’ecologie urbaine. 

Elle inclut aussi la gestion preventive des risques 
connus et le developpement d’une approche de 
precaution dans les domaines d’impact sensible et 

- 

- 
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4.1 . Divelopper 1 ’accBs au transport 

Figure 4. Actions prioritaires attendues de la RATP 

encore incertain sur la sante (par exemple la 
pollution du diesel). 

Enfin, elle promeut un coniportenient d’ecoute et 
de dialogue ewers les riverains, les associations et 
les Clus locaux, par une concertation systimatique et 
plus en amont sur les projets ou modifications de 
service les concernant. 

4 LES PLANS D’ACTION PRIORITAIRES 

11s repondent : 
- d’une part a la deinande sociale, exprimee par la 

population et les responsables politiques 
- d’autre part au diagnostic interne, qui a mis en 

evidence les points forts et faibles de 
l’entreprise. 

Ainsi, la politique s’articule autour de quatre 

le developpement d’une niobilite ecologique 
la qualite du service et le cadre de vie dans le 
transport 

la citoyennete et le lien social. 

volets : 
- 
- 

- la protection de l’environnement 
- 

L’ecologie urbaine est dissociee de la securite, au 
plan des responsabilites, car la securite en soi fait 
appel a un plan d’action complet, iiicluant la 
prevention de la delinquance, le volet repressif, les 
partenariats avec les autorites. 

Le Plan de deplacements urbains institue par la Loi 
sur l’air en 1996 a pour objectif de transferer une 
part significative de deplacements de la voiture vers 
les modes collectifs et non polluants. Son objectif 
est d’offrir a 7 millions d’habitants un maillage de 
desserte qui se rapproche de celui offert aux 2 
millions de Parisiens. 

Les principaux projets se diveloppent autour du 
concept Mobicite : 
- constitution d’un reseau de 50 lignes de bus ayant 
des amplitudes et des frequences proches de celles 
du metro, separees de la circulation normale, 
iquipees de systkmes de regulation et information en 
temps reel, dotees de vehicules non polluants et 
accessibles aux personnes en fauteuil roulant. 

La premiere ligne ainsi transformee est la ligne de 
rocade peripherique de Paris, qui transporte 
130 000 voyageurs par jour. 
- organisation de 60 p6les d’kchanges multimodaux 
regionaux, veritables lieux d’animation des 
quartiers, favorisant l’acces par velos, la depose- 
minute et le rabattement en voiture,. 

Parallklement, la RATP propose de nouvelles 
infrastructures dans le cadre du Contrat de plan Etat- 
Region 2000-2006 : construction d’un anneau de 
tramway de pres de 80 km pour relier les banlieues 
autour de Paris, en correspondance avec les lignes de 
metro et de RER 

4.2. Accroitve 1 ’uttractivitk de 1 ’offre 

Pour Gdeliser les clients actuels et attirer des 
utilisateurs de la voiture, la RATP agit sur tous les 
aspects du service en apportant un soin particulier 
- a la qualite de l’accueil et a la relation de service 
- a la garantie du service offert en s’engageant dans 
la certification des lignes 
- a l’embellissement du cadre du transport : le 
programme “renouveau du metro” concerne 200 
stations, a l’eclairage renforce et au decor anieliore 
d’ici 2001, et une dizaine de stations thematiques 
realisees pour le centenaire du metro 
- a la differenciation des services en fonction des 
clienteles : contrats de services pour les entreprises, 
accompagnement des personnes ayant des difficultes 
a se deplacer, services de gardiennage et location de 
velos,.. 
- a la facilitation de l’acces au reseau, grgce a la 

telebillettique et a la generalisation de 
l’information en temps reel. 

4.3. Promouvoir un comportement exemplaire en 
javeur de 1 ’environnement 

Les transports collectifs doivent Ztre irreprochables. 
Cette dimension a une valeur hautement symbolique 
dans la defense de la priorite aux transports publics. 
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La RATP a hierarchise ses actions en fonction des 
attentes de la population et avec un objectif 
d’anticipation sur les normes et les exigences 
externes : 
- 

Son plan englobe tous les aspects ou l’entreprise 
est concernee, avec une priorit6 a l’exemplarite de sa 
flotte de 4000 bus. 

D’ici 2001, 2500 bus seroiit mis a la future iiorme 
europeenne en vigueur en 2000, g r h e  a l’achat de 
220 bus au GPL et au GNV, de 20 bus electriques et 
surtout l’equipement de 2300 bus diesel avec des 
filtres a particules catalytiques associes a un gazole 
desulfure ; leurs performances environnementales 
sont equivalentes a celles du gaz. 
- 

Le bruit des transports est, apres la pollution 
atniospherique, le second sujet d’inquietude de la 
population parisienne. Or, le metro de Paris est le 
plus siiiueux du nionde et les problemes de bruits et 
vibrations sont complexes. Aujourd’liui, l’entreprise 
developpe une politique preventive de traitenient des 
voies par semelles antivibratoires, de protections 
phoniques des voies aeriennes du RER et 
d’insonorisation des roues de 200 raiiies de metro 
sujettes A des crissements en courbes. 
- les paysages . 

Dans les grandes villes, la nature est rare. Les 
abords des lignes ferroviaires constituent des 
couloirs protecteurs de la biodiversite , que la RATP 
a decide de valoriser par un traitenient nature1 et uiie 
gestion durable de la vegetation. Elle apporte 
egalenient un grand soin a l’insertion de ses 
nouvelles infrastructures, afin d’en limiter l’effet de 
coupure et de favoriser simultaiienient une 
requalification urbaine des quartiers traverses. 
- 
. Chaque jour. soiit collectees environ 20 tonnes de 
dechets emanant des stations de metro et de E R ,  
sans compter les dechets industriels des sites 
d’entretien des bus et des trains. L’entreprise elabore 
une politique globale visant a la fois a reduire la 
production de dechets en amont et a organiser leur 
traiteiiient en aval pour les valoriser et augmenter 
progressivement la part recyclable. 
- 

L’eau est presente eii grandes quantites dans les 
tunnels, par infiltration. et merite un traitenient de 
plus eii plus ecologique. L’entreprise doit aussi 
garantir la qualite des eaux industrielles de ses 
etablissements. 
- l’elimination des produits toxiques. 

Elle concerne principalement l’eradication de 
l’amiante et le traitement des pyralenes des postes de 
redressement, qui font l’objet de programmes 
importants. 
- 

Un plan de protection du reseau contre une crue 
centenaire, comrne celle qui envahit le metro en 
19 1 0, est en cours de realisation. 

en premier, la qualite de l’air. 

ensuite, la lutte contre le bruit. 

le traitenient des dechets . 

la preservation de la ressource eau 

la protection contre les crues de la Seine. 

4.4. Introduire un systBine de management de 
I ’kcologie 

Les interpellations externes sont de bons aiguillons 
pour faire bouger les comportements. Ainsi, lors de 
la premiere application du plan d’alerte pollution en 
Ile de France, en 1997, qui limitait I’usage de la 
voiture en zone dense, chacun a pu mesurer la 
mutation dans les attitudes : un million 
d’automobilistes se sont reportes vers le reseau de la 
RATP, 40% l’ont fait dans un esprit civique et 75% 
ont ete satisfaits de leur voyage. De tels moments 
sont mobilisateurs pour les agents du transport 
public comme pour les decideurs politiques. 

La recherche et les innovations technologiques 
favorisent egalement de nouveaux comportements. 

Introduire des demarches de developpement 
durable et faire penetrer le reflexe ecologie dans les 
comportements suppose cependant methode et 
sensibilisation. L’effort de la RATP porte sur : 
- la demarche de certification IS0  14001 des 
ateliers et centres de maintenance, aiiisi que de 
lignes de metro 
- une approche integree des aspects environne 
mentaux et des methodes d’eco-conception des 
projets (design for environment), des equipements, 
du materiel roulant 
- la prise en compte de tous les maillons de la 
chaine des acteurs, incluant les sous-traitants et 
fournisseurs 
- l’integration des regles et principes d’action dans 
les cursus de formation par metier. 

Le futur systeme de management de l’ecologie 
s’appuie sur la decentralisation des responsabilites et 
une forte coherence globale, a travers des indicateurs 
communs traduisant les performances d’entreprise. 

Des 1999, la RATP a publie son premier rapport 
Ecologie urbaine. 

4.5. S’ouvrir U la dkmocratie locale 

Les projets de transports doivent faire l’objet d’un 
consensus des populations qu’ils concernent. La vie 
des lignes et des sites industriels n’est pas sans poser 
des problemes de nuisances. I1 convient donc de 
developper le dialogue avec les riverains et de 
progresser vers des solutions elaborees en commun. 
Pour autant, l’exercice de la democratie locale est 
difficile. 

Pour progresser, la RATP s’attache a soutenir les 
initiatives locales menees par les unites 
decentralisees aupres de leurs clients et riverains. 
C’est ainsi que les agents du RER rencontrent 
regulierement leurs clients pour mieux cerner leurs 
attentes et leur satisfaction. De meme, une grande 
campagne sur le theme du respect a ete menee ii 
l’initiative de conducteurs de bus, pour tenter de 
resoudre les problemes relationnels avec les j eunes. 
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5.  LEVIERS ET FREINS 

5.1. Une opportuniti his tor ipe  

Incontestablement, les transports publics beneficient 
d’un courant porteur avec la prise de conscience des 
risques ecologiques qui pesent sur la planete et des 
risques specifiques des graiides nietropoles : 
problemes de pollution, de congestion, acces au 
transport de populations inassives dans les banlieues. 

Dans l’entreprise, il  existe un reel consensus du 
personnel en faveur de la demarche ecologique. 
Ainsi, il est bien admis qu’il faut eviter les 
gaspillages de matieres, d’energie, d’eau, pour 
economiser des ressources qui ne sont pas 
inepuisables et penser aiiisi aux generations futures 
et aux autres peuples qui souhaitent se developper. 

5.2. L ’importance des partenariats puhlics et privis 

Les politiques a inener ne se conCoiveiit pas sans une 
forte impulsion des Pouvoirs publics, collectivites 
territoriales et autorites orgaiiisatrices des transports 
urbains. 

Le contexte europeen et franpis presente une 
opportunite que les operateurs doivent saisir, pour 
apporter leur force de proposition dans les plans de 
deplacements urbains et niontrer leur capacitk a 
rendre les transports collectifs plus competitifs.. 

Ainsi, la RATP a-t-elk pu beneficier d’un soutien 
total de la Region et de la Ville de Paris dam son 
programme de technologies propres pour ses bus, 
car e l k  a un effet d’entraPneiiient sur les 
comportements des autres gestionnaires de flottes. 

Pour les industriels, les references offertes par des 
reseaux de graiides villes restent un trciiiplin au 
lancement de nouvelles technologies et a la 
competitivite de leurs produits.. 

5.3. Les alias de domaines encore neuji 

La RATP a fait I’experience de l’introduction de 
filieres pour lesquelles la reglementation n’existait 
pas encore. Elle a niene toutes les experimentations 
et initialise la phase d’industrialisation. Les aleas 
sont nombreux et expliquent les delais necessaires. 

Le manque de recul soit sur les effets de la 
pollution sur la sante, soit dam les technologies 
propres, conduit de nombreux lobbies a defendre des 
technologies sur des performances dont toutes ne 
sont pas validees ou ne correspondent pas aux 
conditions reelles d’exploitation de reseaux urbains. 

Dans le domaine des systemes de management, il 
reste aussi du cheniin a parcourir pour adapter les 
methodes eprouvees pour les sites industriels aux 
lignes de metro, par exemple. 

En outre, passer du management de 
l’environnenient au management du developpement 

durable ou de la contribution ecologiqx d’une 
entreprise pose des problemes d’outils de mesure et 
de pilotage nouveaux. 

5.4. Importance de la dimension iconomique 

Elle se joue a plusieurs niveaux : 
- potentiel de productivite et de reduction des 

coats par la lutte contre les gaspillages et 
l’optimisation de l’utilisation des ressources 

- economies sur la taxation des activites 
polluantes, les filieres de traitement des dechets, 
par optiniisation des politiques 
environnementales 
coBt d’introduction des technologies nouvelles, 
l’amoi-tissement des frais de diveloppenient 
devant souvent etre port6 par I’operateur qui 
introduit le premier ces technologies 
developpement de l’approche economique des 
performances ecologiques : dans l’evaluation des 
projets et des politiques de deplacements, la 
comparaisoii des modes et la prise en compte de 
leurs externalites dans les politiques de prix 
fiscalite ecologique appliquie aux transports : 
debat largement ouvert en Europe et en France, 
auquel il convient que la profession et les elus 
s’interessent, car la fiscalite doit avoir un r81e 
incitatif en faveur des modes et technologies les 
iiioiiis polluants, internaliser une part des coats 
exteriies des modes et donner des signaux clairs 
sur les priorites dam les politiques 

- traduction econoniique des accords 
internationaux sur les emissions de gaz a effet de 
serre, faisant jouer les niecanismes de perrnis 
d’emission et aussi des mecanismes de 
developpement propre pour les pays en 
developpement. 

- 

- 

- 

CONCLUSION 

L’engagenient dans une politique volontariste de 
developpement durable s’inscrit dans le long terme, 
a fortiori dans le domaine des transports, qui font 
appel a des politiques d’amenagement urbain et 
d’infrastructures lourdes. Cet engagement repond a 
une preoccupation devenue majeure sur le plan 
local, national, international. Dans un monde de plus 
en plus urbanise, les transports collectifs ont un r81e 
nature1 a jouer en faveur de la qualite de vie des 
habitants, car ils repondent a leurs aspirations et aux 
besoins de la communaute. 

L’ecologie urbaine, concept deja ancien mais peu 
popularise, et le developpement durable, concept 
neuf, mais tres present chez les decideurs, sont donc 
une chance pour les villes et un levier de 
developpement strategique pour les transports 
publics. 
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Urban transport and air pollution: Lessons from the Indian experience 
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AHSTEIACT : This paper presents a picture of motorization and urban air pollution in India, 
with Delhi as the focus, and discusses implementation issues related to current and proposed 
transport emission prevention and control policies. Based on this discussion, i t  makes 
suggestions for effective policy analysis and impleiiientatioii with regard to this issue in  the 
Indian and less-industrialized country (LIC) contexts. 

MOTORIZATION IN DELIII AND 
OTHER INDIAN CITIES 

Motorization is occuring at a rapid pace in 
Delhi and other Indian cities. Delhi’s 
motor vehicule fleet grew at an average 
aniiual rate of 20 % in  the 1970’s and 
1980’s, as against a populaticn increase of 
5-6 % per aiiiiiiiii. While motor vehicle 
iiuiiibers appear not to be increasing at the 
same frenetic pace in this decade, they are 
still growing at around 8 % per annum. In 
1996, around 2.6 niillion motor vehicles 
were reportedly registred in the city. Of 
these, there were as iiiany as 1.7 niillion 
iii o t o r i zed two - w 11 e e 1 ed (M 2 W) v e 11 i c 1 e s , 
624, 000 cars and jeeps, and 27, 600 buses. 
It  is also estimated tliat 70,000 motor 
vehicles from neighbouring states ply in 
Delhi daily (AIAM 1994 and 1995 ; CPCB 
1997 . Moliaii et a! 1997 ; WHO/CWEP 
1992). 

Delhi is by Far India’s most mote:-ized city. 
accounting for 8.1 ?4 o f  all nigtor vehic!es, 
7.8 O/O of all M2W vehicles, a id  16.6 ?41 of 

all cars registred nation-wide, with only a 
little over 1 % of India’s total population. 
But motorization has been at least as rapid 
in other Indian cities. Between 1971 and 
1995, motor veliicule iiuiiibers increased at 
28, 25, and 39 YO per aiiiiuni Alimedabad, 
Bangalore and Cliennai. Chennai increased 
its fleet from only 120, 000 to 768, 000 in 
that period. Nation-Lvide, motor vehicle 
iiunibers increased froiii a mere 665, 000 in 
1961, and 5.4 millions as late as 1981, to 
Over 27 millions in 1994. At 8 YO growth 
annually, this number could touch 43 
mi!lions by 2000. M2W vehicles are 
growing most rapidly (44 %O pa in the 
1980’s). 
Their numbers increased from only 5 8 ,  000 
and 2.6 millions in 1961 and 198 1, to 18.3 
millions in 1994. They now represent 
nearly 80 YO of all motor vehicles produced 
and sold, and 67 ‘i/O of those registered, 
nationally. And where as M2IV vehicles 
fcrm 67 90 of Delhi’s motor vehicle fleet, 
:hey represent 70-SQ ‘ X I  of  the fleet in 
;I i 111 ie d abad . c‘ he ii nai , 
1 !;iderabad, and Puix. Only Calcutta and 

13 il nga 1 (.) rt:. 
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Munibai have a low percentage (43 Yo) in 
this respect (AIAM 1994 and 1995 ; 
ASTRUICIRT I997 ; RlTES/ORG 1994 ; 
TERI 1997). 

The predoiiiiiiance of M2 W vehicles in 
India and other Asian LICs is in part due to 
low incoiiies in  these regions. As incomes 
increase, tlie poor niajority purchase 
bicycles, and those who own bicycles 
gradiiate to M2W vehicles. Also, buses are 
often the only affordable iiiotorized modes, 
but their availability routinely falls short of 
deinand, despite expanded services (Browl; 
and Jacobson 1987 ; Mohan and Tiwari 
1997 ; Pendaltur 1987 ; Satliaye et a1 
1994). Finally, as in  Delhi, many low- 
income persons are forced to live far away 
froin their places of work, in aeras poorly 
served by public transit. Thus, for large 
numbers of the not-so-poor, for whoiii cars 
are out of reach, and public transit 
increasingly inconvenient and time- 
consuiiiing, M2 W veliicules (and for-hire 
paratransit vehicules) offer excellent 
iiiobility at a not unreasonable price, and 
thus easy access to eniployiiient centres 
and other services essential to a better life. 

URBAN AIR QUALITY AND HEALTTI 
EFFECTS, AND THE ROLE OF 
TRANSPORT 

Air quality in  many Indian cities is poor, 
aiid is worsening rapidly. Delhi’s annual 
averge carbon monoxide (CO), sulphur 
dioxide (SO?) and nitrogen dioxide (NO2) 
levels appear to be acceptable.However, 
SO, levels exceed WHO (Worl Health 
Organization) standards at some, including 
residential, sites. Airborne lead levels 
appear to be declining generally, likely due 
to lowered lead levels appear to be 
decl iiiiiig generally, likely due to lowered 

lead levels in gasoline and the introduction 
of wileaded gasoline. Most importantly, 
aniiual average levels of suspended 
particulate matter (SPM), which is strongly 
correlated with respiratory and 
cardiovascular diseases, have been 
routinely exceeding the WHO limit by as 
much as five times, since the early 1980’s. 
Worse, they are as high as 9-10 times tlie 
WHO standard at specific (including 
residential) sites. While annual average 
SOz and NOz levels are acceptable , daily 
average levels exceed WHO standards on 
several days of the year, at several sites. As 
for SPM, daily levels exceed WHO limits 
nearly every day of tlie year. Based on a 
limited study, ozone appears to be a major 
problem, especially in winter, exceeding 8- 
hour and 1-hour WHO limits at several 
sites (CPCB 1992, 1995 and 1996 ; CSE 
1996 ; WHO/UNEP 1992). The city almost 
certainly has a fairly serious photocheniical 
smog problem, because of vehicular and 
other em i s s i o n s , wea t lie 1- con d it i o n s and 
thermal inversions. 

Air pollution is taking an increasingly 
heavy toll. Five of Delhi’s 13 millions, and 
40 % of its children, reportedly suffer froin 
respiratory diseases. I n  a recent study of 
10, 000 5/16 year-old school children in 
tlie city, 12 %O were found to be asthmatic. 
Including those who sho\ved symptoms in 
the past, the figure was closer to 17 %. 
But Delhi is by no iiieaiis unique. Air 
pollution, and per capita air pollution 
eff’ects are significantly higher in inany 
secondary Indian cities. PM levels exceed 
the WHO standard in over 90 % of 
monitoring stations nationwide, and equal 
or exceed Delhi’s levels i n  several cities. 
At least every tenth Indian reportedly 
suffers from asthma, and most contract it  
as children (Agrewal 1997 ; Basu 1997 ; 
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Braiidon and Hoiiiiiiann 1995 ; Chhabra 
1997 ; CPCB 1996 ; Priti KLiiiiar 1997 ; 
Roy Chowdhury 1997). 

The majority of M2W vehicles, which 
form the bulk of India's motor vehicle 
fleet, and niotorized three-wheeled (M3 W.) 
vehicles, are powered by highly polluting 
two-stroke engines. Most buses and goods 
veh i c 1 e s ( p re d o ni i nan t 1 y d i e s e 1 - o p r a t e d) , 
are of old vintage and poorly maintained, 
and are gross polluters, particularly in 
ternis of particulates. Tho~igh emission 
standards have been progressively 
tightened in the 19903, and those relating 
to M2W vehicles for 2000 are the strictest 
in the world, except for Taiwan, inany in- 
use M2W and M3W vehicles, and also 
cars, particulary those manufactured prior 
to 1991, pollute heavily. There are 
d i s c re pan c i e s i liven t o r i es 
(Faiz et a1 I992 ; CPCB in CSE 1996), but 
in Delhi, for example, motor vehicles 
appear to play a prominent r6le in terms of 
CO, HC and NOx. Their contribution, even 
in respect of SPM and SO, is not 
insignificant, and is becoming iiore 
imp0 rt an t with time. 

in em i s s ions 

Because of their very high emissions per 
ve 11 i c 1 e - k i 1 o i n  e t re , and the i r ac counting for 
as iiiucli as 60 YO of total passenger motor 
vehicle-kilometres in Delhi, M2 W vehicles 
alone contribute to approximately 30, 5 1 
and 30 YO of total exhaust CO, HC and PM 
eiiiissions respectively from all motor 
vehicle activity in the city. Their 
contribution is marginal only in terms of 
NOx and SO?, for which buses (and other 
die se 1 ve h i c 1 e s ) are p r i mar i 1 y re s po ns i b 1 e . 
Further, while buses account for only 
around 10 YO of vehicle kilometres, but as 
much as 7 1 YO of  passenger-kilonietres, 
M2W vehicles account for only 16 % of 

passenger- 1< i 1 o nie t re s , nio t o r i zed 
passenger vehicles in Delhi. Thus, M2W 
vehicles represent the most serious 
problem in terms of emissions per 
passenger-kilometre ; on this basis, these 
vehicles produce roughly 33, 50 and 7 
times the aiiiount of CO, HC, and PM, and 
one-fourth the SOx, Goin buses 
( ca 1 c U 1 at i o ns based on A S TRU/C I RT 
1997 ; Bose 1996; CPCB 1997 . 
Gol/ESCAP 1991 ; IIP 1994 ; Shalh et a1 

i ii 

1997). 

Fuel (and lubricating oil) quality also 
contribute significantly to air pollution. 
Lead content was as high as 0.56 g/L in 87 
octane (and 0.8 g/L i n  93 octane) gasoline 
until 1995. While unleaded gasoline (0.013 
g/L lead) was introduced then for new 
four - w hee 1 ed gas o I i ne - po we red v e h i c 1 e s 
with catalytic converters in  Delhi and the 
three other niajor metropolitan centres, and 
in all other state capitals and major cities in 
1998, the fuel for all other gasoline- 
powered vehicles contains 0.15 g/L lead. 
Benzene, a known carcinogen, is presently 
not controlled. Gasoline sulphur is as high 
as 0.2 '30 by weight. Diesel sulphur, an 
important contributor to particulates, was 
as high as 1 % unti l  recently, and was 
brought down to 0.25 96 in  1996, but only 
in Delhi and its neighbourhood (BIS 
1995a ; BIS 1995b). 

Fuel and lubricating oil adulteration is also 
an important t'actor. M3  W vehicle 
operators, who typically do not own their 
veliic 1 e s , the i r 
gasoline with as much as 30 YO kerozene, 
which retailed, in  Delhi in  1995, at nearly 
one-seventh the price of gasoline. And to 
guard against the wear and tear due to this, 
they mix excessive amounts -- as much as 
10 % -- of lubricating oil, the principal 

CO ni nio n 1 y ad U 1 t era t e 
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source of particulate emissions in two- 
strokes. Diesel is adulterated with kerosene 
as well, tough the diesel-kerozene price 
differential is considerably lower than that 
fo r gas o 1 i ne - ke ro zene . L u b r i cat in g o i 1, so 1 d 
loose mainly for use in M2W and M3W 
vehicles, is also adulterated. As can be 
imagined, fuel and oil adulteration have a 
significant impact on emissions (not to 
mention fuel economy and engine life). 
F i na 11 y , gas o 1 i lie ev apo ra t i v e e ni i s s i o n s 
from vehicle fuel and fuel distribution 
systems, w 11 i ch con t r i b 11 t e to ground- 1 eve 1 
ozone formation, are an important issue in 
the Indian context, given the high ambient 
temperatures. (Cliandini 1997 ; CSE 1996 ; 
Faiz et a1 1992 ; Iyer and Balaranian 1997 ; 
Raje and Malliotra 1997). 

POLICIES AND IMPLENTATION 
ISSUES 

Severe1 emission control policies have 
been instituted or are contemplated (CSE 
1996 ; CSE 1997 ; MOST 1996 ; BIS 
1995a ; BIS 1995b ; Chandini 1997 ; Iyer 
and Balaraiiian 1997 ; NCTD 1997a, b and 
c ; (301-MoEF 1997). A few of these are 
discussed, along with some related 
imp 1 e ni e n t a t i o n i s s Lie s , with reference to 
M2 W vehicles particulary . 

To maintain octane rating to compensate 
for lead removal and benzene reduction in 
2000, MTBE (niethly tertiary butyl ether) 
will be added to gasoline. In vehicles 
xithout catalityc converters, this can 
actually cause increased reactive HCs, 
nitrogen oxides and fornialdheyde (a 
possible carcinogen), thus aggravating the 
ozone problem (Humberto Bravo et a1 
1991 ; Faiz et a1 1992 ; Gordon 1991). 
Also, corrosion of hie1 system components 
due to this would have to be taken into 
acco U 11 t . 

As indicated, einission standards have been 
progressively tightened since 1991 for all 
motor vehicles types. All new cars 
registered after April 1995 in Delhi and tlie 
other major cities were required to be fitted 
with catalityc converters. Converter 
performance, reliability and durability, and 
thus long-term effectiveness, are an 
important concern, particulary until 2000, 
on account of tlie likelihood of inis-fueling 
because of tlie lack of widespread of 
unleaded fuel outside the cities. In this 
regard, it  is instructive to note that tests in 
Delhi in  1995 showed that some car 
niodels fitted with converters did not even 
meet in-use CO standards for cars without 
converters (CSE 1996). Finally, effective 
co n v e r t er fiui c t i o n i n g d e pe ii d s o 11, anio n g 
other things, precise air-fuel ratio control, 
which in turn can be delivered only by 
electronic fuel iiijection (EFI). This 
technology has run into problems of 
clogged injectors, because of poor quality 
fuel. 

Achieving the stringent M2 W vehicle 
emission norms for 2000 will require four- 
stroke engines or two-strokes with catalytic 
converters, both of' which will increase 
vehicle costs. In the case of four-stroke 
engines, fuel economy would be 
considerably better than with two-strokes 
with catalytic converters, but the engine 
would need to be bigger. Scooters, rattier 
than motorcycles, are preferred by users 
with families, and form the bulk of M2W 
vehicle production. Many such users 
interviewed by the author stated that they 
would never consider purchasing 
motorcycles, because they have little 
luggage carrying capacity, they cannot 
carry more than two persons easily, users 
feel more exposed to road hazards on them, 
and they are concerned that their wives' 
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saris could get entangled i n  tlie wheel 
spokes. h i d  yet, four-stroke enb’ wies are 
available only on motorcycles, not on 
scooters. The reason is that scooters, which 
have an eiiclosed body, require major 
design and tooling changes involving 
111 as s ive i lives t i i i  en t s to ac c o iiinio d a t e the 
much larger and more complex four-stroke 
engine, which would be reflected in a 
higher vehicle price. Since 2000 standards 
might require a four-stroke, though, the 
industry is gearing up for it,  and four- 
stroke scooters are entering tlie market. 

Two-strokes with catalytic converters will 
require p lio s ph o I U s - free 1 u b r i c a t i ng o i 1 in 
addition to unleaded file1 (see Footnote 5). 
Even so, catalyst durability, and thus long- 
term effectiveness, would be an issue. 
Catalytic converters require stable spark 
ignition, but spark plugs are highly 
susceptible to iiialfuiictioning in  M2W 
vehicles in  tlie Indian Context, because of 
d i 1-t y operating co lid it  i o 11s. Addi t i o nal1 y , 
M2 W ,vehicle converters have to withstand 
a high degree of vibration. Frequent 
replacement of. the catalyst would be 
expensive and burdensonie. Dealers are 
concerned about who would pay for 
replacement in  case of failure in service. 
Another coiicerii is how to police the 
secondary market l i l e l y  in spurious 
relacenients that is likely to spring up. 

I n  t e rm of vehicle user perspectives, 
initial vehicle price is important, but so are 
fuel economy, trouble-free and low-cost 
operation,easy and inexpensive 
serviceability, long service life, and resale 
value. Users would find costly emission 
control technologies acceptable only if 
these did not coiiiproiiiise any of the 
foregoing features. Most M2 W vehicle 
users service their vehicles on an ‘SOS’ 

basis (that is, oiily when it is needed). 
Many use authorized dealers, but also 
road -s i de iiiec haii i cs . This has import ant 
implications for the effectiveness of new 
teclinology vehicles, and sales taxes on 
spare parts. 

P r o p e r 1 y i i i i  p 1 e iii  e 11 t e d , c e ii t r a 1 i zed , 1 o ad e d 
d y iiaiiio 111 et e r i i i  spec t i o i i  and iii ain t eiiaiice 
(I/M) testing, though expensive, would be 
extremely benelicial in ensuring !ong term 
effectiveness of advanced eiiiissioii control 
technologies. Currently, however, 
en fo rceiiie i i  t o f i 11 - use e i i i  i s s i o 11s standards 
in India is by means of a deceiitrelized no- 
load pollution check, on tlie basis of which 
a (( pollution Under Control )) sticker is 
issued. The system is burdensome without 
being effective, open to corruption by staff, 
and f~ill of loopholes (it is comiiioii for 
people to purchase sticlters in bulk). 

Mopeds, which are small, low-power, 
i lie x p e i i  s i ve v e h i c 1 e s cater i ng for 1 o w- 
income people, present a real chal1e:ige in 
meeting the 2000 iioriiis. Fitting fbur- 
stroke engines is problematic, because 
either iii~icli higher engine speeds and/or 
increased engine size would be required for 
the same veihcle performance. There are 
severe space constraints in a moped ; aslo, 
the cost would increase considerably. In 
view of this, a catalytic converter appears 
to be tlie oiily option. However, there 
would still be a cost increase (though not 
as much as with four-strokes), and there 
would still be the issue of catalyst 
d ura b i 1 it y . c o n ve rt e r s , 
which can run very hot, would pose a 
safety hazard on mopeds. 

A 1 so, cat a 1 i t y c 

Old vehicles are proposed to be scrapped 
in a phased manner in Delhi. It  remains to 
be seen if this policy will actually be 
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i nip 1 enien t e d , how effective 
implementation will be, and what 
loopholes users inay find to get around the 
rule, especially in the absence of viable 
options to personal motorized vehicles. 
Many users interviewed by tlie author said 
they expected to keep their vehicles for a 
long time, and hope to get a reasonable re- 
sale value when they do dispose of their 
veh i c 1 e s. 

The possibility of operating M3 W vehicles 
on propane is being considered. I t  is 
doubtful if this will bring significant 
benefits, considering that these vehicles do 
not constitute a substantial proportion of 
the overall motor vehicular pollution load. 
More importantly, reliable and widespread 
availability of’ the fiiel, serviceability, and 
safety are iinportant concerns. Recently, all 
government vehicles in Delhi were 
converted to run on CNG (compressed 
natural gas). This quickly becaine a fiasco, 
because of a lack of coinmitnient on the 
part of the vehicle drivers. Most of these 
vehicles have been converted back to 
gasoline. 

Re t ro - fi t t i ng eni i s s i on c o ii t ro I equipment is 
being considered. I n  the case of in-use 
M2 W vehicles, catalyst durability would 
be even more of a problem than in 2000- 
model vehicles, because the high HC levels 
W O L I I C ~  burn very hot in  the converter, 
damaging i t  quickly. Catalityc particulate 
traps are being considered for retro-fitment 
on in-use heavy-duty diesel vehicles. 
Precious metal catalytic traps would reduce 
total PM substantially, as also HCs and 
CO, but, if low sulphur fuel were not used, 
they would oxidize SO, to harmeful 
particulate sulphur fuel were not used, they 
would oxidize SOz to liarnifiil particulate 
sulpliates (Faiz et a1 1992). 

We have discussed only e few examples 
here, but hopefully, they will serve to 
demonstrate the complexity of the 
problem, and the interdependancies, trade- 
offs and conflicts that will need to be 
considered in policy analysis and 
i nip 1 e iiieiit a t i o n . 

RECOMMENDATIONS FOR POLICY 
ANALYSIS AND IMPLENTATION 

Tr an sport e in  i s s i o 11s , a 1 re ad y s i g n i fi c an t in 
terms of the rapidly worsening urban air 
pollution, will likely become even more so. 
And because, unlike in the West, 
nio t o r i zat i o ii and other 
energy-intensive activities in  the LICs are 
typically concentrated in few megacities, in 
which the ma-jority are in marginal health, 
and have poor nutrition and health care, 
very large exposures and impacts related to 
dangerously high air pollution levels 
ensue. Wliile air pollution is perhaps tlie 
most widely felt impact of rapid 
inotorization, it is by no means its only 
impact - i t  lias been argued that it  gets the 
most attention, because it  is a great 
leveller, and i t  is impossible for the well- 
off to insulate tlieinselves fi-oni i t .  There 
are several others, and transport emissions 
are inextricably linked with them. ‘These 
i nc 1 ud e road ac c i d e i i  t s , congest i o 11, access 
and mobility losses, noise, and rising 
energy demand. 

India’s road safety record, already one of 
the world’s worst, is deteriorating. Road 
accidents killed 60, 595 people in 1993, far 
more than in North America , and with a 
fraction of its motor vehicle activity. 
Petroleuiii product consumption increased 
three tiines between 1970 and 1990, and is 
rising rapidly. Net oil imports currently 
consuin over a third of net export eanings . 
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The future is worrisome. Transport energy 
demand could increase three times in as 
many decades. India is vulnerable to wcrld 
oil prices and crises, and domestic oil 
reserves will likely last only around 25 
years at current production levels. (AIAM 
1995 ; ASRTUKIRT 1997 ; GolESCAP 
1991 ; Stackhouse I995 ; TERI 1997). , 

One shudders at the thought of the 
implications of massive motorization in 
t e r m  of all of. the above impacts in India 
and similar countries, particularly given 
their meagre ressources to deal with it. If 
Delhi’s current 8.6 YO motor vehicle 
growth rate is maintained, it will be adding 
nearly 600 motor vehicles daily, and its 
motor vehicle fleet will double in less than 
nine years to around 5.2 millions by the 
years 2005. And as many as 3.4 millions of 
tlie projected 5.2 niillion motor vehicles 
will likely be M2W vehicles. Finally, tlie 
poor are typically the most exposed to and 
affected by impacts such as polluted air, 
accidents and loss of access and mobility, 
and the least able to cope with them when 
they occur. They enjoy few if any of the 
benefits of motorization, while bearing the 
brunt of its impacts. For example, while 
car occupants accounted for only 12 O h  of 
Delhi’s road accident fatalities in  1994, 
pedestrians, cyclists and M2W vehicle 
users accounted f’or 42, 14 and 27 YO ( 
Mohan and Tiwari 1997 ; Mohan, Tiwari 
and K~iii~iiigo 1997). 

Addressing motorization and its air 
pollution and other impacts, and more 
generally, transport-energy-environment 
linkages in India aiid other LICs is vitally 
important, in ternis of local well-being as 
well as regional and global issues such as 
energy security , ac id i fica t i o n aiid c 1 iniat e 
change. Also, transport is arguably the 

iiiost complex sector in terms of human 
d iiiiens i o n s. 

S y s t e ni at i c Thinking reflect i ng Coin pl ex i t y 
of the Problem. Policy analysis and 
iiiiplenientation should be based on 
systematic thinking that fully reflects the 
coniplexity of the problem. Thus, in terms 
of transport eiiiissions, since tlie policy 
objective is not emissions prevention and 
control per se, but the niinimization of 
health and welfare effects due to 
emissions, a systeniatic analysis of which 
of these eff’ects are tlie most important, 
which polluants are responsible for these 
effects, which modes and factors contribute 
to these polluants, and so forth, is 
necessary. Emissions of critical polluants 
from tlie transport system as a whole 
should be targeted, rather than merely 
exhaust emissions. More generally, since 
urban transport is not the only air po!lution 
source, particularly in  the case of harinul 
PM and SO2> an emissions inventory that is 
as reliable and coniprehensive as possible, 
lind evaluation of sectoral contributions in 
ternis of exposure to critical pollutants, are 
essential for effective control. I t  should not 
be tlie case that, after expensive nieasures 
are taken to control vehicular emissions, 
there is no substantial reduction of air 
pollution health and welfare effects. 

P o 1 i c y An a 1 y s is and I nip 1 em en t a t i o n for 
Long-term Effectiveness with Justice. Just 
as motorization unevenly distributes costs 
and benefits between different groups, so 
do policies to address its impacts. Policy 
ana 1 y s is s ho u 1 d 
therefore aini to minimize air pollution 
health and welfare effects at low cost to 
ve hi c 1 e us er s , go vernni e n t and i nd us t r y , 
while compromising as little as possible 
access and mobility for the public, the vast 
majority of whom are poor. 

ancl i nip I e nie nt a t i o n 
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Polluters should no doubt be made to pay, 
but the application of (( the polluter must 
pay )) principle should be tempered by an 
understanding of how and why people 
pollute. Low-income persons forced to live 
far away froni their places of Lvork, in  aeras 
poorly served by public transit, have no 
choice but to use inexpensive, polluting 
M2 W vehicles. We should be concerned 
about how policies that u.ould increase 
vehicles purchase, operation and 
maintenance costs will affect them. With 
specific reference to bl2 W vehicles, public 
policy should address their impacts. While 
not adversly compromising the 
cons i de ra b 1 e veh i c 1 es 
affords many. If we wish to wean users 
away froni these vehicles, we must attempt 
to preserve these benefits by other means. 
Thus, restricting their ownership and use 
without providing viable options, such as 
ac c e s s i b 1 e , and 
affordable public transit, would be to put 
them to cons id e ra b I e hard s h i p . 

bene fi c i t s these 

fr e q ue ii t , c o 11 v e 11 i e n t 

The transport air pollution probleni is 
coni pl ex and and 
requires concerted action by a range of 
agencies. However, the Indian and LIC 
contexts are characterized by the inability 
to provide adequate transport 
infrastructure, public transit and transport 
s y stem inanage iiie n t , ni an u fact U re clean 
vehicles and fuels, and iiiaiiitain vehicles 
sat i s fac tor i 1 y . More fund mien t a 11 y , the 
institutional setting for policy making and 
implementation with regard to transport air 
pollution -- as is the case with niany other 
eiiviroiiiiiental issues -- is characterized by 
a multitude of actors and jurisdictions with 
fragmented, overlapping, and conflicting 
roles and responsabilities and interests, and 
who 1 ac k the fi na n c i a 1 , t ec hii i c a 1 , po 1 i t  i cal , 
legal and adiiiinistrative resources for 

mu 1 t i -d i iiit 'ii s i o na 1, 

re 1 i a b 1 e i ii fo r mat i on g e lie ration and po 1 icy 
anal y s i s , and effective in p 1 e men t a t i on, c o - 
o rd i na t i o i i  , ni o n i to ring , and e ii fo rc erne n t 
(Brandon and Raiiiankutty 1993 ; Faiz et a1 
1992 ; Faiz et a1 1996 ; Shalizi and Carbojo 
1994). Thus, tlie institutional setting is 
severely mis-matched with the complexity 
of the probleni, even in terms of transport 
air pollution, let alone transport impacts 
generally. 

Rather than cosidering policies as if they 
will be iiiipleiiieiited in a friction-free 
world, they should be evaluated with 
reference to the realities of the context. In- 
use emissions under real-life conditions, 
rather thean only new vehicle emissions, 
should be targeted. For long-term cost- 
effectiveness, and to avoid uninteiided 
coiisequeiices that so often characterize 
policy efforts and typically tend to show up 
only over the long-term, policy impacts 
should be evaluated over the long term. 
An a 1 y s i s and s ho u 1 d 
c o iis id e r i i i i  p 1 em e i i  tat i o ii issues up - fro n t , as 
an integral part of tlie policy-analytic 
process itself.. These include the 
institutional barriers and constraints and 
p o 1 i c y i n t e rd e pe i i  d e iic i e s , trade - o ffs and 
conflicts discussed above, and last but not 
least, vehicle user and industry 
perspectives as to how they would be 
impacted by, and would respond to, 
various po 1 icy a1 teriia tives. 

d e c i s i o 11 - ni a k i 11 g 

Policies should be selected that, as far as 
possible, deliver results rapidly, while also 
being cost-effective over the long term 
(there are no easy, quick-fire, inexpensive 
solutions, though). I n  this connection, it is 
worth pointing out the importance of ftiel 
quality improvements, such as reduced 
volatility for reactive HC emissions 
reduction. These might not be as effective 
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as v e 11 i c 1 e t e c 11 no 1 o g y i iii p ro ve ni e 11 t s i 11 
reducing per-vehicle eiiiissions, but can 
start reducing emissions from all vehicles 
in-use (and tlie file1 distribution system) as 
soon as they are introduced. 

Many emissions and fiiel economy 
i rn p ro v em en t s increased 
complexity sensitive to quality of 
maintenance and spare parts, increased 
costs, and unintented consequences. In the 
interests of long-term effectiveness, such 
measures should be thought thought and 
designed carefully before being put in 
place. The vehicle servicing industry 
sliould be adequately prepared to handle 
thein well in  advance of introduction, and 
widespread availability of moderately 
priced quality spares sliould be ensured to 
encourage good maintenance. This has 
i nip or t an t i nip 1 i cat i o ns fi, r , aiiio ng other 
things, spare parts taxation. 

can in v o 1 ve 

Because transport air pollution (and its 
causes) transcend political and sectoral 
boundaries , and i iivo 1 ve ni 11 1 t i p le 
disci p 1 i ne s , the ins t i t U t i o n a 1 framework 
must take a regional, if not a national, and 
a cross-sectoral, interdisciplinary, 
perspective. I t  is important to ensure close 
c o - o r d i n a t i on bet wee n t e c hn o 1 o g i c a 1, 
regulatory and economic policies. And 
since these are determined by, or affect 
multiple actors - governments at the 
iia t i o nal , reg i ona 1, and ni uni c i pal leve 1 s , 
the vehicle, fuel, and servicing industries, 
vehicle and fuel retailers, and vehicle users 
- all of these actors should ideally be 
involved in policy development and 
i ni p 1 e men t a t i on . agencies 
responsible for public health, land use, 
transport planning, roads, transport system 
management, traffic control, air quality and 
eiii i ss i oiis ve hi c 1 e 

Add i t i o na 1 1 y , 

ni o n i tor i ng , and 

registration, inspection and maintenance, 
should be involved, right from setting 
vehicle eiiiission and f~iel standards to 
i n t i t u t i o na 1 sni o o t h 
implementation and long terni cost- 
effect i ve ne s s. 

me c h a n i sins for 

Prevention rather than Cure. Motor 
vehicles undoubtedly have an important 
role to play, and so do technical measures 
to address air pollution and other impacts. 
But technical measures can be quite 
quickly rendered useless unless measures 
are also taken to reduce overall iiiotorized 
v e h i c 1 e - k i 1 o iii et re s ve 11 i c 1 e - t r i p s. 
Worse, in some instances, they can actually 
aggravate tlie problem they were iiieaiit to 
address. 

and 

'Tr a n s p 0 r t e ni i s s i o n s s lio u 1 d not be t a rg e t ed 
in  isolation. Policies targeted at transport 
air pollution should consider 
interdepend e n c i e s bet we en transport at i o n 
iiiipacts, and between policies to address 
those impacts. As far as possible , they 
should be designed to achieve synergies, 
and fulfil1 other transport and urban 
livability objectives (such as improved 
road safety, fuel economy, equitable 
access, neighbourhood quality) in addition 
to improving air quality. Ideally, all 
transport impacts should be addressed in an 
integrated fashion, with the overall aim of 
achieving an urban access and mobility 
systeiii that is reource conserving, 
e nv i ro n ni e n t a 1 1 y benign , s a fl: , and so c i a 11 y 
.just. 

Given this goal, and also given that 
p ro v i d i ng fb r ni o t or i za t i o i i  and ni i t i gat iiig 
its impacts can involve considerable 
resources, in a context of already severe 
financial constraints and a multiplicity of 
urgent demands, and that the vast iiiajority 
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of city dwellers poor and benefit little from 
motorization (many cannot even afford 
subsidized public transport), the last thing 
urban transport policy in India and similar 
c o u i i  tries do i s acco i i i  nio d a t e 
motorization. We should accord primacy to 
reducing the need to use personal 
motorized modes. In addition to providing 
public transit that is extensive, reliable and 
convenient, we should plan pro-actively for 
walking and cycling. This is not only 
because o f tlie i r e nv i r o n ni e n t a1 bene fi t s , 
but also because these niodes account for 
an overwlieliiiing majority of trips among 
low-income users. 

s h o u 1 d 

Institutional C a pac it y B u i 1 d i rig : F in a1 1 y , 
and perhaps nio s t i nip0 r t an t 1 y , i ns t i t u t i onal 
capacity needs to be built for reliable 
in fo riii at i on genera t i on , p o 1 i c y an a1 y s i s , 
long-range planning, standards setting, and 
effective i nip 1 em e n t a t i o n , ni o n it o r i n g and 
enforce in e n t . is 
es se n t i a 1 e nv i ro nni e n t a 1 
action, but so is strong informed public 
pressure. This in  turn will require action 
by, for example, adequately funded NGO’ 
S and local agencies, to build public 
awareness not only of problems and their 
seriousness, but also of the complexifies, 
barriers and trade-offs involved in  
resolving them. Ultimately, effective 
resolution of urban air pollution, transport 
and other environmental problenis depend 
on representative, commited, competent, 
and financially independent local 
governments that are keenly aware of local 
priorities, resources, constraints and 
possibilities (Brandoii and Ramankutty 
1993). 

P o 1 it i c a 1 c o ni ni i t i n  en t 
for effect i ve 

aware of tlie complexities and trade-offs, 
and help identify key issues over which 
they can carry on an informed debate 
leading to a iiiutually beneficial consensus 
that will ensure long-term policy 
effectiveness (rather than nierely 
111 and at i n g t e c h no 1 o g i e s 
without any thought to implementation). I t  
should be self-reflective, enabling constant 
re -e x am i n a t i o n and re fi ne nie n t of an a 1 y t i c 
and impleineiitatioiiproaches in the light of 
experience, adaptive learning and 
(( learning to learn H .  

standards and 

As a process, policy analysis and 
in1 p lenient at io n s ho u 1 d e m  b le d ec i s ion 
niakers and affected groups to beconie 
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M.A.da Matha Sant'Anna 
De'partement de Ge'ographie et d' Ame'nagement du Territoire, Universite' Nationale du Be'nin, Abomey Calavi, 
Benin 

RESUME : Au Rinin coniiiie dans noinbre de pays sous dtiveloppks, la progression urbaine evolite B un 
rythnie accklGrk et nkcessite la rnise en place d'infrastructures routikres devant instirer I t s  populations des 
vilies dans un processus de deceloppenient huinain durable. Pour ce faire I'ctat recourt a une politique 
d'Ptablisseiiient d'infrastructures respectueuses de l'snvironnenieiit dans ses dimensions biophysiques. 
kconoiniques. techniques et socio-cult Lii-elles. 

ABSl RACT in  Benin as in  man\ underdeveloped countiies. ui ban IJI developnient is becoming w r y  rapid 
and murt tahe i n  account the ein ironiiient '1 his mean\ that road constiiictioii in  all beninese tolkns must be 
founded on biophysical, social cultural and econo~n~c elements 
KESUMEN t n  la Republica de Benin el desairollo uibano cs iapido 4 necesita una politica de tramporte 
urbano que se funda en la nocion de iiiedio ambiente que debe ser entendida en un sentido integrando 10s 
diferentes factores natuiales, tecnicos, sooales, politico\ y econoni~cos clue influyen i in  desarrollo huiiiano 
sustentable 

I - IN'TRODICTION 
Au Benin coinme dam noinbre de pays 

sous-dkveiopptis la progression urbaine kvolue a 
un rythine accelkre. En 1960 par eseinple le 
rapport ville/canipagtie etait de I / 10, c'est a dire un  
citadin pour I 0  ruraux. Actuellement ce rapport est 
passe a 113 et I'Iristitut National de la Statistique et 
de I'Analyse Econoinique prevoit qu'il sera de 
1/1,4 vers I'm 2025. Cette evolution 
demographique indique clairement que Ies 
programmes de developpenient urbain doivent 
offrir im cadre sain a cette concentration huinaine 
afin de I'aidei- a ne pas enclencher contre elk- 
m6me un processus de nuisance irreversible lie a 
Ia degradation de son environnement. 
Un des inoyens dont dispose le Benin pour 
affronter cette adequation entre les besoins sans 
cesse croissants de cette population et I'espace 
urbain relativement liniitk, est la mise en place 
d'une politique de deplacement urbain fondee sur 
I'integration des infrastructures a I'environnenient 
biophysique, socio-culture1 econoinique et 
technique dans lequel evolue chaque ville du 
pays. 
Ces infrastructures assurent donc Ie transport dun 
nombre de plus en plus eleve de personnes et un 
volume toujours important de marchandises. 

2- 'T'RANSPOK'I DE PEKSONNES ET DE 
MA I< C H A N D I SE S 
3. I /A? i r ~ l ~ l s p r ~  dL' ]?er.st1f2ne.(' 
Deux modes relevant exclusi\ienient du secteur pl-ive 

coexistent.Ce sont les taxis autos et les taxis inotos. 
Les taxis autos sont. soit collectifs, soit individuels. 
La composante individuelle de l'offre de transport 
concerne les voitures particulikres et les deur roues 
CO U rain inent appe Itis "Zeiii idj an" don t 1 'avinemen t 
remonte 6 la seconde Inoitik des annees 80 
caractkriskes par line crise kconomique sans prkcedent 
obligeant chacuii a se denierder pour se procurer 
quelque revenu que ce soit. Plusieurs societes privees 
de transport, receminent constituees tel les "Les 
Rapides de I'Albatros'', "La Kkgie Autonome des 
Transports du Benin", "La Cooperative de Transport" 
participent au deplaceinent des populations urbaines. 

2.2 I,e tmnnpor.t de 5 mu-ct'zuridi \ L' \ 

I1 est rurtout assure par des inoyens et gios 
porteurs qui enconibrent les voles etouffant le 
dkplacement des pietons, cyclistes et petites 
voitures Pour cette raison 1'Etat procede a une 
reglementation des heures de circulation de ces 
gros porteurs qui doivent garer durant les heures 
de pointe Ce faisant, 11 contribue a 
decongestionner la circulation et a rkduire 



i'emissioii des gaz nocifs par les inoteurs surtout 
quaiid 11s touriient au ralenti lors dt.5 
encomhi-einents avec deplacemeiit pie-chocs 
contie pare-chocs 
Ikpuis Ic190. le tratic des iiiarchandises 
transportees a travers la ville de Cotonou a partir 
du port de cette dei niere enregi\tre iegulierenient 
line hausse moyeiine de 5.03"0 I'm et a atteint 
2 2 19 8 I3 tonnes en 1096 
1.ace a cet cnjeu lie a I'adequation des besoins dz 
tiaiispoi t a la piotection de I'ein ironneiiient. I'Etat 
incite lcs opeiateurs econoniiqucs iiitei\enant dans 
1e tianspoit a renouLe1ei ou contrdlei 
techiiiqueinent leur, vehicules pour- offrir les 
conditions miniinales de securite auk usagers h i -  

i n h e  s'effoice de inobiliser les resources 
iicrcessaiies pour I'entietien. la refection et In 
construction des infiastructuies de tranrport clont 
iine boniie partie est vetuste 

3- INFRASTRLTCTURES ET 
E N V 1 R (1 N N EM E N 1 ' 
A traxrs cette 6dification des infrastructures I ' h t  
veut aider les urbains k e\.oluer dans un cadre de 
vie sain favorable A la lutte coiitre la pauvretk 
uibaine. En effi't ie caractkre dkfectueus des 
infrastructures de transport I-Yagilise davantage 10s 
icos>rstkiiies des grandes vi1lc.s par la pollution due 
it I'kinission des gaz et poussikres toxiques des 
vihicules i inoteurs. 
Pour real iser 1 'adecluati on eiitre l'edif-ication 
d'infrastructures routikres efficaces pour 1111 

developpement urbaini inaitrisk et la vie des 
populations dam un environnenient sain I'Etat 
s'appuie alors SLII- une politique nationale des 
transports aus ob.ic'ctii's suivants 
- respecter le milieu biophysique, 
- 
- 

- proinouvoir 1'ag-o-foresterie urbaine. 

tenir compte des facettes topograpliiques. 
sauvegarder les bases socio-kcoiiorniques et 
culturelles, 

3 Il e r e s p e ~ f  de I ~ i ~ ~ l ~ ~ ~ r ( ~ r ~ l ~ e ~ } l e ~ ~ c  h ~ ( i p / ~ s  ~ q u e  
L'Etat e\!ite d'iinplanter des voles, sauf iaison 
inajeure dans les secteurs fragile5 ou 
topogaphiqueinent bas, de peur de gtner les 
tonctions purificatrices naturelies des has-fonds 
humides inarecageuv qui jouent le tale de collecteuis 
et de digesteurs des dechets solides et liquides 
tianspot-tks par les eaux pluviales ruisselantes des 
soininets et des versants des plateaux urbanises La 
fonction chlorophyllienne de leurs vegetaux coiniiie 
Juncatus spp. Eichornea spp puiifie I'air de leur 
parage et contrtbue au bien ttre des nveiains Autant 
de raisons qui justifient leur sauvegarde 

Cas des villes de Porto-No~o~ Cotoiiou et Parakou par 
excrinple. Dam ces villes coiiime dans la plupai-t des 
autres d u  Benin. la collecte iles ordiires et dichets 
mknagers nagukre assurke par la voirie relkve 
dksormais de structures privies qiii n'arrivent pas i~ 
coin Fir les besoins d 'une population ui-baine sans 
cesse croissante et en pleiiie expansion spatiale. Ainsi 
les points de collecte s'organisent i peine en un 
r6sc.m efficace. D'ou la proliferation des tns ci'ordure 
anarchiques I ivr6es aux craus ruisselantes lors des 
grandes plitics. 

t ewge des architectes et ingeiiieurs en genie 
ci\ile de iealiw de\ Xoies don1 les trace5 et 
fondations tiznnent coinpte des fiiccttes 
topographiquej pour ne pas entraL er I 'ecouleinent des 
eauy pluviales vers les bas-fonds et provoquei la 
conjtitution de plans d'eaii stagnante faLorable auk 
insecies et gerines pathogener nuisibles a la sante 
des popul at 1 ons 
Par ailleurs 11 encourage l'implaiitation des voles 
selon les pentes des Leisants pour une ineilleiire 
canalisation et drainage des eau\ de ruisselleinent de 
I'aniont a I'aLal avec iecouit a des dispositifs en 
inqoiiiiei ie  ou eii enrocheineiit OLI en veg&un poui 
stabiliszr ces \ ersatits. coiiiine sui le plateau dc l'orto- 
No\o et les flancs de la iiiontagne de I'Atacoia 
flanc5 abritant Line partie de la ville de Natitingou I e 
inPine constat est fait six les collines de Savalou. de 
Dassa et de Save 

Le cas ds Natltiiigou est particulierenient 
interessant car il s'agit d'iiiie ville lineaire eiiserree 
entre d e w  faqades rocheuses a I.ouest et a I'est Sur 
ler flancs de cette chaine, guand les perites nc sont pas 
tiop fortes se de\ eloppeiit des quarticis oii std, orient a 
peine les eau\ de pluie L'essentiel ici est de pouvoir 
les canalisei w i s  les ba\-f'onds tout en ieduisant leur 
vitesse abrasive et erosne et les einpkher de 
dechausser les fondations des habitations et suitout 
des infrastructures routicres 
Dans les secteurs presque plats au niveau des plaines 
ou siir les soniiriets des plateaux les fondations des 
in fi astructures benefjcien t de reinbla i s entt ecoupes 
de ponceauv pour faclliter I-ecoulement Ce 
dernier etant reiiforce par des canalisations 
souterraines qui drainent ces eau\ vers ler 
inarecages ou Iss lacs et lagunes 
Pour f'aciliter I'infiltration des eaux des 
infrastructures sont i ealisees avec des pat es dont 
les inini espacenients interstitiels sont tres 
indiques a cette fonction 
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3.3 1.u suuvegurLie des hu.ce.s socio-kconomiyue.~ 

Sur le plan socio-kconomique par exeinple la 
realisation des infrastructures routieres urbaines 
avec I’utilisation generalis& des paves (Fig. 1 )  
fabriques sur place a partir du ciinent et des 
matenaux locaux, reduit sensibleinent leur coilt. 
Aussi fournit-elle du travail a une importante 
partie de la main d’ceuvre sans eniploi des villes. 

Ceci s‘inscrit dans la politique des travaux 
a halite intensite de main-d’oeuvre hvorable non 
seulement a la creation d’einplois urbains inais 
kgaleinent la iiiobilite des personnes et des biens 
dans des conditions satisfaisantes. 
Pour inener a bien cette opkration, 1‘Etat s’appuie 
siir les associations de developpenient, les 
collectivit& locales et les usagers. I I  les 
responsabilise pour I-entretien des voies ainsi 
construites surtout que le long de celles-ci sont 
installis les dispositifs de telecommunication, 
d’klectrification et d’adduction d’eau pour le bien- 
itre des niiinages. 
Cette conception des infrastructures qui prend en 
conipte les aspirations socio-econoniiques et 
culturelles des populations est basee sur un effort 
d’insertioii de celles-ci dans la pi-ise des decisions 
et de leur execution tant aii niveau de la 
conception des plans d’urbanisme que de ieur mise 
en application. 
Ainsi se dkfinit line noiivelle approche pour le 
dkveloppeinent des aggloinerations urbaines. 
L’ainbition est de creer des cites q i i i  ne seront plus 
l‘expression evidente du dtiiiueinerit et de la 
pauvretP. inais des cites assainies ou les individus 
pourront disposer d’un certain niiniinum vital 
favorisk par des infrastructures de circulation 
adkquates con~ues et niises en ceuvre awe Is 
concoiirs des citadins dans une approche 
participati\.e et deinocratique. 

Cette preoccupation explique le fait que 
1’Etat valorise lors de l’elaboration des plans de 
circulation urbaine les lieus traditionnels 
d’echanges coinmerciaux que sont les places des 
marches locaus. 11 accorde line importance a ces 
\,oies qii’on evite de suppriincr inais qu’on contoiirne 
le plus souvent. Jle P I U S  h leur niveau les \,oies 
s‘klargissent a\rec creation pour les vehicules de gares 
et de pares harinoiiieiisement incorporks a 
i‘architecture d’enseinble. Cas des voies desei-vant les 
marches de Ilantokpa (C’otonou); de Porto-Novo au 
hiid ~ de Pat-akou et de Djoiigou au nord d u  pays. 
Sur lc plan culturel: les licudits charges d’histoires et 
de traditions ancestrales son1 sau\eg:rdties. 
Ainhi les vieus quartiers et Ieurs constructions 
caracteristJq~ies qiii ont traversd plusieurs sieoles de 

et crrlf w-dles. 
meme que les vieilles residences royales 011 de 
personnalites historiques sont menagees. I1 en est de 
mime des sites sacres lies aux religions locales 011 

etrangeres. 
Quand il arrive que les traces des voies toinbent 
contre toute attente sur des sites jug& historiques ou 
archeologiques. I ’Etat deinande alors aux 
entrepreneurs routiers de les eviter. Cas dun ancien 
village souterrain decouvert pres de Bohicon en 1998 
lors des travaux routiers et qui a dii occasionner line 
deviation de la voie. 
Outre ces preoccupations culturelles, I’Etat protege 
les sites naturels rattrap& par I ‘extension urbaine 
telles les forits sacrees ou non cornine a Ouidah a 
Parakou et a Djougou. I1 en fait de m&ne pour les 
collines et flancs de inontagne. Les citadins et les 
touristes y trouvent detente, ageiiient et un  air encore 
sain. 
Toutes ces actions favorisent le developpement du 
tourisme dam Ies Villes et incilent les operateurs 
econorniques a investir dans les crenaux poiteurs tels 
les etablissements hijteliers, I‘organisation des foires 
et expositions nationales et inter-nationale 
Par ailleurs, confoi-ineinent a son souci de rkduire les 
pollutions liees aux inoteurs quand ils tournent au 
ralenti et de rkduire le temps consacre par les citadins 
6 leiir deplacement sur route, I’Etat deiniiltiplie le 
nombre dcs voies rapides soit par lc classement de 
certaines en voies prioritaires, soi t par le 
dedoublemen t d’ autres. 

Pour offrir un  cadre toulouis plus sain et plaisant aiix 
populations des villes 1 ’Etat prockde sur de larges 
bandes a I‘implantation le long des coies d‘arbies 
utilitnires et d’agrement Le chois de ces essences est 
foi-teinent conditionne pai leui enracinenieiit pi ofond 
et la resistance aux vents violents de leurs branches. 
Autant de dispositifs naturels qui  les protkgent du 
chablis. 

1.e refw d‘iinplanter des essences a 
SJ steinc racinaire lateial trop debeloppe est lustifie 
par la crainte que ce deniiei iie destabilise les 
fondat i ons des in  frastructui es 

Dolonis spp. spatogea spp. Phoenix spp et parini 
les eEsences a buts multiples plaritees le long de\ 
rue5 et dans les habitations se [etroweiit entre 
autres frui tiei s Manguifei a indica, Sapotas spp 
Persea spp et Citrus spp, surtoiit pour leurs fruits 
coniestibles A celles-ci s^ajoutent d‘autre\ 
appreciees poui Ieuis feuilles utilisees dans la 
pharmacopee cas d’Eucalyptus spp 

A leur ombre sont consttuites des 
banquettes en inaqonnerie pour ia detente des 

Coniine arbres d-agreinent s‘obwvent 
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Figure 1 VILLE Dt: PAKAKOU . 
Programme d'amenagtment dc voies iirbaines sur f~nanceinent conjoint Coiiimune Urba~nc de 

Parakou (CUP)-Union Europeenne 
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urbains. De plus ces arbres oftient d'appdciables 
bois de services et d'aeuvre, tout en contribuant a 
purifier I'air qui ils retirent d'importantes 
quantites de gaz carbonique tout en lui restituant 
de I'oxygene a travers leur fonction 
chlorophylienne. 

Parfois sur les terres-pleins centraux de 
certaines grandes voies s'entretiennent des 
pelouses parsemees d'arbrissots aux feuillages 
multicolores ou souvent en fleurs comme Acacia 
tl ori bunda. 

4- MOYENS D' ACTION 
4-1. 1.e Budget nutionul et Iu coop2rution 
inlernut ionule. 

Pour reussir la mise en application de cette 
conception des infrastructures routieres urbaines 
respectueuses de I'environnement, 1 'Etat s'efforce 
d'apporter les moyens tant par ses programmes 
budgetaires que par ses relations avec les 
partenaires au ddveloppement. 11 incite egalement 
les populations a nouer des relations favorables 
aux jumelages de leurs villes avec celles d'autres 
pays. Un cas particulierement illustratif a cet effet 
est le developpement de la ville de Parakou qui 
beneficie non seulement de I'appui de la CEE pour 
la construction de ses voies mais aussi des apports 
de la ville franqaise d'0rldans depuis 1993. 

4-2- 

Pour evitcr de creer des situations conflictuelles 
entre lui et les habitants a propos de I'espace 
foncier devant recevoir les infrastructures. 1 'Etat 
s'arrange pour faire comprendre aux populations 
I'inter6t economique et social qu'elles ont quand 
ces voies passent devant leurs hahitations selon des 
dimensions riglementaires. 

Ce faisant il amene les proprittaires terriens 
concernis a lui ceder les bandes de terre necessaires. 
Certains s'esecutent librement en implantant leurs 
mGrs a distances Iegales. D'autres non. Mais ail debut 
I'Etat ne recours pas a la force et continue a rappeler 
la necessite de respecter les largeurs des voies. Par la 
suite quand Ies personnes r2ticentes se rendent 
compte de I'importance du trafic que connaissent 
lesdites infrastructures elles acceptent plus ou nioins 
volontiers leur elargissrment. Mais dans certaines 
circonstances I'Etat est oblige de proceder a des 
deguerpissements forces des abords pour iiomialiser 
les routes. 

Dans le contexte democratique actuel base sur 
la participation des populations a I'esercice du 
pouvoir et a la gestion de la cite. I'Etat recourt a une 
niethodologie de communication populaire appropriee 

1,e.v uciioris J'infimiution et ile 
re~ponsiihili?;utii)n. 

pour aider les citoyens a Clever leur niveau de 
connaissance de formation et d'infonnation pour 
contribuer I'edification, a I'entretien et a I'utilisation 
durable de ces outils de developpement urbain. 

5- CONCLUSION 
Somme toute, le Benin comme nombre de 

pays sous developpes reconnait de plus en plus la 
necessite de mettre en place des infrastructures de 
transports urbains respectueuses de I'environnement 
dans ses dimensions non seulement technologiques et 
economiques mais aussi et surtout sociales, 
biophysiques et culturelles. L'Etat se fonde alors sur 
une approche politique participative et 
democratique. Ainsi il met en palace un programme 
sptcifique pour prkparer le rde des collectivitds 
locales dans la gestion urbaine. Ce rde est conqu 
comme celui d'un organisateur et d'un mobilisateur 
des energies locales. Les collectivites verront 
s'amkliorer leurs capacites a faire et a fait faire. Ceci 
passe par une delegation des services publics et une 
mise a disposition de fonds au profit desdites 
collectivites. 

Cette approche est appreciee par les citadins 
qui se sentent de plus en plus cogestionnaires et 
responsables de ces infrastructures qui rendent 
agrtiable leur existence dans un cadre sain et assaini : 
gage de leur insertion dans la politique de 
developpement humain durable mise en aewre par 
I'Etat dans son Plan d'orientation 1998-2002. 
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Transport-related pollution and investments required to minimize 
it in Dar-es-Salaam City, Tanzania 

Francos Halla 
UCLAS, Dar-es-Salaam, Tanzania 

ABSTRACT : Transportation in Dar-es-Salaam, tlie only primate city in Tanzania, is more 
efficient in 1990s than in 1970s and 1980s: The improvement can be attributed to the 
liberalization of the transport industry in the late 1980s. The efficiency level would be higher 
if the liberal policy were supported by expansionist transport investments for the city. 
However, the efficiency is in operational ternis only as environmental pollution has increased. 
With the liberal transport policy, increased volume of motor vehicles for passenger travel, 
personal transport and freight haulage has augrnented air pollution in tlie city. The reason is 
use of leaded fuel coupled with excessive exhausts from aged niotor vehicles that ply along 
congested roads. 
P o I 1 u t i o 11 ni i n i i n  i za t i on wo u 1 d , therefore, req u i re subs t an t i a1 i west  I n  e 11 t to change to the I e ad - 
free fuel culture on the one hand, and to expand the city’s road-network on the other. Since 
the move is substantially costly, the attained operational efficiency in city transportation will 
continue at the expense of tlie city’s environmental quality. Hence, the sub-ject of the paper is 
that in c o n s i s t e n c y i n transport p o 1 i c i e s and i 11 vest ni e 11 t s 1 e ad s to e n v i ro n 111 e n t a 1 deter i o ra t i on . 
The purpose of the paper is to analyze and expose such inconsistency with a view to devising 
workable strategies that can upkeep the city’s environment while inaxiniising operational 
efficiency of the city transportation. 

INTRODUCTION 

Dar-es-Saalam City Region occupies about 
1,400 square kilometres of land, of which 
less than one-third is built-up, while the 
rest is forestry or agricultural land that is 
sparsely populated. The City is estimated 
to have a population of three million, 
which is about 10 percent of that of the 
Country, of which 80 percent live in rural 
areas (i.e. hurnan settlements of less than 
10, 000 people each). It  is the Country’s 
primate city and has been so since its 
inception, a century ago. Currently, the 

City’s population is five to seven times 
larger than that of the second largest city, 
Mwanza. The Country occupies an area of 
945, 000 square kilometres and its 
population is approaching 30 inillion, of 
which more than one-fifth live in urban 
centres. In Tanzania, levels of locational 
accessibility and traffic mobility are quite 
low in both urban centre and rural 
settlements. This is due to tlie low road 
density and poor road quality on tlie one 
hand, and limited hunian activity on the 
other. In both urban and rural settlements 
traffic mobility is highest at tlie local level 
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by using non-motorised means of the 
transport (NMT), along tlie well- 
maintained major roads in urban centres, 
along tlie national trunk roads, and along 
railways, sea/lake/river routes, and air 
routes. But for tlie niajor parts of tlie urban 
and rural settlements that are not traversed 
by such standard roads and the other routes 
1 o c at i onal access i b i 1 it y and traffic in0 bi 1 it y 
are h i g l i  1 y cons t ra i ned . G over niiient efforts 
to increase tlie levels of. locationel 
accessibility and traffic mobility at the 
settlements and country levels have tented 
to focus on infrastructure provision, 
t ec lin o 1 o g i c a 1 i n n o v a t i on s and p o 1 icy 
g u i dance . 

Movement corridors traverse only a small 
proportion of the areas of urban and rural 
settlements in the country. Tlie rest of the 
are as s u ffe r fro ni 1 o c a t i o na 1 in acce s s i b i 1 it y 
and tlie subsequent limitations in traffic 
mobility. I n  such inaccessible areas, traffic 
mobility is only possible at high vehicle 
operating costs and low-quality transport 
services. At this time when tlie government 
sector is focussing on provision of 
t ran s port i n fr as t r uc t ur e , t lie bus i iie s s sector 
(formal and informal) is increasingly 
assuniing the transport operation role in all 
modes except railways. For example, most 
road freight and passenger operators own 
sniall fleets of vehicles ranging from one to 
three trucks of one to fifteen tonnes or one 
to three buses of ten to sixty-five seats. 
Tlie iiiain reasen for tlie locational 
iiiaccessibility of a greater part of the 
country has been limited government funds 
fo r trails p o r t in fr a s t ru s t ure provision in 
t er ni s o f net w o r k s ex pans i on , maintenance 
and reconstruction. Where as tlie average 
road density for the country is 0.09 kni/kni2 
that for tlie City is 0.83 kni/kiii2 (Baruti et 
AI, 1992). 

THE TRANSPORT - RELATED CITY’S 
ENVIRONMENTAL PROBLEMS 

As such, traffic circulation in the city is 
greatly hampered by the high levels of 
1 o c a t i o na 1 i nac c e s s i b i 1 i t  y s i ni p 1 y because 
there are inadequate roads and other 
transport modes. The city has a radial road 
pattern that is constituted by only five 
arterial roads. The radial arterial roads are 
linked by only two circumferential roads at 
intervals of a kilometres and 10 kilometres 
from the city centre. Since the City’s built- 
up area spreads out to between 30 
kilometres and 50 kilometres along such 
radial roads, there are large parts of tlie 
city, lying between these roads, that are 
inaccessible by motor traffic. The situation 
has necessitated high levels of radial road 
congestion for motor traffic as each 
motorist has to go past tlie city centre or 
tlie inner city in order to join a radial road 
from another. The situation has led to 
unnecessary env i ro nnien t a 1 po 1 1 U t i o n i n the 
form of particulate matter (excessive dust) 
from the erosion of the numerous 
earth/gravel roads. Another form of 
pollution is tlie burning of large amounts of 
leaded fuel as tlie iiuniero~is old and 
reconditioned motor vehicles are always 
stuck in traffic jams. Another form of 
pollution is tlie widespread visual intrusion 
caused by endless queues of slow-moving 
motor vehicles for very long road stretches. 
Another form of pollution is tlie abandoned 
defective motor vehicles found along the 
radial roads due to high vehicle operating 
costs that related to long journey times, 
traffic jams and the friction with the 
earth/gravel roads. 
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MANAGING THE TRANSPORT - 
RELATED ENVIRONMENTAL 
POLLUTION 

Key stakeholders represented in managing 
this environmental issue have included 
representations from the following sectors 
aiid levels of tlie City’s community : 

C e n t r a 1 and 
departments of Transport aiid 
C o nim un i c a t i o n s , Works , Home 
Affairs, Lands and Human Settlements 
D e ve 1 o p me n t , Water, He a 1 t h, C it y 
Regional Engineer’s Office, and the 
City C ouiic i 1/C o mini s s io n : 
Parastatal Organizations like Dar-es- 
Saalaiii Motor Transport Company 
(UDA), Tanzania Bureau of Statistics, 
Muhiiiibiii Medical Centre and National 
Environriieiital Management Council. 
Ins t it 11 t i oils o f 1-1 i g her Learning 
i nc 1 U d i 11 g U 11 i v er s i t y of D a r - e s - S aal ain , 
Ilniversity College of Lands and 
Architectural Studies (UCLAS) and 
National Institute of Transport. 
Association of Daladala (Public Bus) 
Operators (MUWADA), Tanzania 
Association of Non- G o veriimeii t a1 
Organizations (’TANGO), Non- 
Go ve 1-11 ni e n t a 1 0 r g an i zat i o n s (N G 0 s) 
and C o ni iii 11 nit y - B as e d 0 rg an i zat i o n s ; 
tlie 13 us i lie ss c o iiimunau t y . 

Go veriini en t mini s t r i es 

T o  address this issue tlie stalteliolder 
representations focussed on the following 
sub-issues : radial road congestion and the 
subsequent traffic congestion, road 
networking and storm water drainage, city 
centre parking, public transport, non- 
motorised transport, and air pollution. The 
outputs of the working sessions of the 
i s sue s stake ho 1 d ers focus se d o ii nio d i fy i rig 
some policy issues that pertain to transport 
in fi. as t r uc t U re p ro v i s i o n and air p o 1 lu t io n. 

Their recoiiiiiieiidatioiis liave included tlie 
fo 1 1 o w i iig strategies : 

Importation of old and snioking vehicles 
should de banned. 
Unsuitable vehicles for public 
transportation sliould not be allowed to 
operate. 
S take 11 o 1 d e r participation and 
partnerships need to be harnessed in the 
provision of transport infrastructure like 
road - n e t wo r k expansion, maintenance 
and operation. 
Self-enforcing traffic management 
measures to be executed in order to 
reduce radial road congestion and traffic 
jams along city-centre streets. 
Banning heavy duty vehicles, service 
delivery vehicles and solid waste 
collection trucks from entering the city 
centre during the peak hours of the 
day ? 
C o ns t ruc t ion o f 
(( parking garages )) as well as 
privatisation of the on-street parking 
lots. 
Allowing the sea vessels that are plying 
between Dar-es-Saalam and Zanzibar to 
offer public transport services (while 
they are idle) along the coast of the city. 
Introduction of solar powered trams 
especially in the peri-urban areas. 
Pi- i va t i za t i o n of ro ad/p av e m e n t c 1 e an i ng 
which is already being implemented in 
the city. 

During the course of tackling the sub-issue 
of transport-related air pollution, a special 
opportunity arose whereby the City was 
admitted as a participating city in  the 
G 1 o b a1 Environment a1 Monitoring s y s t e in 
(GEMS) Air I’rogramme. Through this 
programme, the relevant working group 
received technical assistance from various 
institutions. They included World Health 

and p r i vat i sa t i o n 
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Organisation (WHO) Geneva that offered 
air pollution scientists. Also tlirough WHO 
assistance, the group was able to receive 
technical assistance from the Norwegian 
Institute for Air Research (NILU). 
Moreover, through tlie GEMS/Air 
Progranime the city was able receive a set 
of documentation pertaining to air 
pollution and three SPM (Hi-Vol) 
monitors. The provision of the monitors 
was facilitated through what is known as 
(( Twinning Prqject )). I n  this project, cities 
in developed countries do provide citites in 
deve 1 o p i ng co Lint r i e s with ai r po 11 ut io n 
iiionitoring equipment that is no longer 
used in those cities but are still in good 
condition to be used in the cities in tlie 
deve 1 o p in g c o uii t r i e s. D ar-e s- S aal am C it y 
received such equipment from The Air aiid 
Rad i at i on M a nage ni eii t Ad ni i ni st rat i on of 
tlie M a ry 1 and De part iiie i i  t o f E n v i ro nnieii t , 
USA. 
As such simple air monitoring methods 
have been instituted i n  tlie City including 
the iise of simple passive air samplers. For 
instance, soiiie ten such saiiiplers have so 
far been used by the City to measure two 
types of polluants : sulphur dioxide and 
nitrogen dioxide. The samplers were 
located in teii stations i n  the City. After the 
test period the samplers were aiialyzed, 
results verified, and prompt actions taken 
by the City stakeholders. 
To accomplish the task of tackling this 
eiivironniental issue tlie respective City 
stakeholclers were supported by some 
linii ted external support that included tlie 
fo 11 owing : 

Technical assistance aiid expertise from 
Habitat, WHO, Norwegian Institute of 
Air Research (NILU), and local 
co ii sultan t s fro i i i  i ii s t i t u t i ons of hi g he r 
1 earn i iig . 
F in an c i a 1 ass i stance from L I F E/UND P . 

Equipment for monitoring of air 
pollution fkoni Maryland, IJSA through 
GEM S/Ai r Twiiiiiiiig Project. 

This support was extended to the project 
over different periods of’ time. ‘I’he external 
support was very useh1 especially in the 
area of air pollution where, without it, it 
would have not been possible to get the 
monitoring equipment because such 
equipment are very expensive. 

CONCLUDING REMARKS 

However, if’ the urban transportation and 
air pollution issue was to be addressed 
today would include a lot of case studies 
and lessons of experience from elsewhere 
i n  the world so as to iniprove the 
preparation 01’ strategies to be in more 
practical \my and implementable by the 
City stakeholders. The current status of the 
traffic mobility aiid services is not 
conducive to increased productivity at both 
local and national levels. Traffic mobility 
services are so far not sustainable. The 
production process cycle of traffic 
mobility services in both rural and urban 
settlements cannot be sustained by the 
government sector alone. The business 
sector and local communities as well as the 
1 o c a 1 arid in  t e rna t i o na 1 donor c o ni in un i t i e s 
need also to continue to contribute 
resources so as to siistain the current traffic 
mobility services. Such Strategic 
transportation planning needs to be both 
technical at the problem-solving level and 
i nvo 1 v ing s t akelio 1 del- part ic i pat i o n and 
partnerships at the res o U rce - 1110 b i 1 i sa t i on 
level. 
In order that the goveriinient can spearhead 
successfully the provision of a sustainable 
franiework and basic conditions for traffic 
mobility in  the country, Lyatuu ( 1  997) 
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poses tlie following policy issues that have 
to be addressed promptly by mobility 
stakeholders : 

Stabilise conditions of trunk and rural 
road-networks at levels that can be 
sus t ai na b 1 y maintained. 
Give priority initially to rehabilitation 
of key trunk road corridors and to rural 
roads essential for agricultural 
production and then to be expanded to 
all economically productive areas 
including trunk roads to landlocked 
countries and between regional centres. 
Devise a workable self-enforcing 
niechanisni of resource niobilization for 
sustain a b 1 e p rov i s i o 11 o f t ra ffi c services 
from all sectors and levels of society. 
Learn from outside tlie country how 
others have responded to the 2000 
iii oh i 1 it y c ha1 1 eng e s. 
Devise wo r ka b 1 e 2 ffi c i en t institutional 
arrangements to manage the above 
po 1 icy state i i i  e i i  t s. 
I iii p lc m e 11 t t rms po r t i i i  vest men t s that 
are en v i rc) nni en t fr i end 1 y . 

Short of efforts to address these issues, the 
country stands to lose in  the traffic battle as 
nianifest in its 2000 niobili ty challenges 
for the lack of mobility sustainability. 
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Process of environmental licensing as transport planning instrument 
Le processus d’autorisation environnementale en tant qu’instrument du planification 
du transport 
El proceso de licenciamento ambiental corn0 instrument0 de la planificacion de transporte 

Eliana Bonfim Thorn6 Berti Barone & Angela Bebber 
Companhia do Metropolitan0 de Slio Paulo, METRO, Brazil 

Klara Anna Maria Kaiser Mori 
Fuculdade de Arquitetura e Urbanismo, Universidude de SZo Paulo, Brazil 

ABSTRACT : This work presents the Environmental Licensing routine, the interpretation provided by Metro- 
SP to the legal requirements and its reflections on Transport Planning. 

R h . J M l ?  : Le present travail presente la routine de I’Autorisation Environnementale, l’interpretation donnee 
par le Metro-SP aux exigences legales et ses reflexes dans la Planification. 

RESUMEN : El presente trabajo presenta la rutina del Licenciamento Ambiental, la interpretacion dada por el 
Metropolitano-SP a las exigencias legales y su reflejos en ia Planificacion de Transporte. 

1 INTRODUCTION 

An analysis of CMSP, since its foundation in 1968, 
reveals a wide experience in environmental manage- 
ment. The core of the environmental and social ac- 
tuation of CMSP is comprised of its contributions to 
the urbanization of the SZo Paulo Metropolitan Re- 
gion - RMSP, through development of the transport 
iniiastructure. In proposing changes to the accessibi- 
lity standards of the several portions of the urban 
space, the transport plans and projects comprise im- 
portant instruments of urban planning. 

The practice of CMSP, in such sense, is eviden- 
ced through studies such as the conception of its first 
Metro Network (in 1968) where, besides the con- 
crete propositions of trasnformation of the RMSP 
urban space, the particular economic-social conditi- 
ons at that time and the technical attitude before such 
conjuncture pictures are explained. Another impor- 
tant reference of such practice is the Metro Impacts 
Analysis Program - PATM, drawn-up in 1975, which 
proposes to assess and measure the Metro effects on 
the environment, the resident population, the urban 
economy, the transport system and the metropolitan 
area institutions, thus representing a comprehensive 
project of production and systematization of 
knowledge and reflection of CMSP on its actuation 
in the city. 

As an innovative activity, the construction of me- 
tro lines presents both in scope of projects develo- 
pment and in implantation, operation and maintenan- 
ce stages of each metro line, the need of formulating 
procedures and fixing them through standards and 
norms. 

In the progress of implantation of each new work, 
the wide variety of involved technical procedures 
tends to be put together in combined sets of 
procedures. Such procedures, submitted to a critical 
opinion, result in new propositions wich, upon being 
tested, incorporated to the routine and successively 
standardized, characterize the integrated process of 
the CMSP work. 

However, with the economic recession arising 
from the second half of the ~O’S, bringing the radical 
changes of the urban public transport financing poli- 
cy, the metro mode became more and more identified 
as if it were an item de Zuxe for the country. From the 
Metro Network, comprised of 5 lines with length of 
65 km, to be implanted within 10 years from 1968, 
and foreseeing their increase for 200 km up to the 
90’s resulted, to the middle of the ~ O ’ S ,  the drawing 
of a Basic Network of approximately 50 km and the 
effective implantation of about 30 km. 

It is into such context that, as a component of a 
process aimed at the articulation of an environmental 
policy for the country and as one of the few instru- 
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ments of the State acting on the in progress trans- 
formations of the space, the Environmental Impact 
Assessments arise as mandatory. Such mandatory 
practice which, among others, is olso regarded to 
metro enterprises. 

The introduction of environmental feasibility as a 
condition for the approval of Brazilian enterprises is 
recent. Initially, Law No. 6803/80, of July 02, 1980, 
required environmental impact assessments, in order 
to authorize the implantation of industrial use zones. 

From the “National Environment Policy, its 
Purposes and Formulation and Application 
Mechanisms”, EIA became required in others 
Brazilian enterprises. (Law no 6938/81) 

On July 01,1983, Decree no 88351 regulates the 
aforementioned law, providing the National 
Environment Council - Conama with competence to 
“settle the basic criteria in accordance with which the 
environmental impact studies will be required for 
licensing purposes, with the institution of obligatory 
elaboration and presentation of Environmental 
Impact Assessments - EIAs, and their respective 
Environmental Impact Statements - RIMAs, being its 
first instrument of legal control, for the licensing of 
activities considered as environment changers 
(Resolution No. 001, of 01/23/86). 

In the following chapter, the Environmental 
Licensing Process will be presented according to the 
current law. 

Installation License (LI) and Operation License 

In case of being required the elaboration of 
EIARIMA, the Reference Term, agreed between the 
Entrepreneur and SMA, guides as to the required 
contents as a complementation of RAP. 

The first license, the Previous License - LP, which 
is bound to the satisfactory conclusion of RAP 
and/or of EIA/RZIWA, and ensures the enterprise 
feasibility, establishes the basic requirements and 
conditions to be complied with in the next stages of 
its implementation. 

Installation License - LI authorizes the start of the 
works, in accordance with the compliance with 
programs that include the environmental control 
measures and other conditions, presented in an 
Environmental Action Plan. Such Plan must be 
detailed after the executive project conclusion, it 
being a previous requirement for the beginning of 
works. 

Operation License - LO is issued upon the 
verification, by SMA, of the implemented 
environmental control measures and, also, of other 
conditions determined for operation. 

licenses are granted with variable validity 
terms, set forth in Conama Resolution No. 237, of 
12/19/97. LP and LI may have their validity terms 
extended, provided that, as a whole, they do not 
exceed 5 and 6 years, respectively. The validity term 
for LO will be of at least 4 and at most 10 years. 

(LO). 

All 

2 ENVIRONMENTAL, LICENSING PROCESS 
2.1 Preliminary Environmental Report 

The State Environment Council - Consema and the 
State Environment Secretariat - SMA, the competent 
organisms in the State of S6o Paul0 to treat the 
environment issues in the Metropolitan scope, with 
the purpose of making their processes more dynamic, 
instituted two instruments before EIA and FUMA: 
the Preliminary Environmental Report - RAP and the 
Reference Term - TR (SMA Resolution 42, of 
1 2/2 1 /94). 

RAP is the first document for environmental 
licensing. Its fbnction is to provide grounds for the 
decision of either requirement or release of both EIA 
and RIMA. 

In case the RAP is considered as sufficient 
regarding the justification of the enterprise the 
identification and treatment of impacts, the process 
continues: three licenses are issued by SMA as the 
enterprise stages are concluded, in the planning, 
implantation and operation stages, corresponding 
respectively, to the Previous License (LP), 

RAP and/or EIA shall comprise all aspects regarded 
as necessary to the enterprise understanding, in all its 
relevant dimensions. 

It must explain the licensing object and the 
importance of its insertion into the metropolis, 
regarding the displacement conditions of such urban 
agglomeration. 

It must also define the set of the enterprise project 
characteristics, in order to serve as basis for 
identification of its negative external points, and 
allow its equationing through mitigating measures. 

Complementing such set of information and 
propositions, the recommendations and conclusions 
must contain the institutional actions required to 
ensure the enterprise effectuation and the full 
compliance with its main functions. 
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2.2 Environmental Action Plan 

The set of actions intended to control, reduce or 
eliminate the negative external points of the 
enterprise must be object of several programs, 
organized around an Environmental Action Plan. 

Such programs must formulate and organize the 
actions required to settle the listed aspects, 
establishing their monitoring processes and related 
corrective actions; may comprise aspects ranging 
from information production and publishing to 
formulation of mechanisms in order to materialize the 
project technical specifications, being developed as a 
previous requirement for the enterprise Installation 
License. 

It should be reminded that new programs may be 
required in the extent of the environmental licensing 
process development, whether appointed by SMA or 
resulting from specific circumstances, both of 
implantation and of operation. 

3 REFLECTIONS ON SMA’s ADVICE 

Conceptual difficulties inherent to the methodology 
proposed by SMA to elaborate Environmental Im- 
pact Assessments, particularly in urban environments, 
caused discussions in the scope of the CMSP trans- 
port planning, whose contents will be briefly presen- 
ted, as follows: 

The basic concept related to those studies is that 
related to its objective, the Environment. Pursuant to 
the law, such objective is defined as follows: 

“Environment: the set of conditions, laws, influen- 
ces and interactions of physical, chemical and biolo- 
gical character, which allows, shelters and governs 
life in all its forms”. 

Although it may be undertaken that, without h r -  
ther appeal, the life of any being may be governed as 
such, the attempt for application of such concept to 
the social life immediately shows its limiting charac- 
ter. 

This is because, in the societies’ life, such set of 
factors is always comprised in the surroundings of 
the social organization, so as that it is always and 
necessarily in accordance with the specific values, 
parameters, possibilities and limitations of a certain 
society that said set of laws, interactions and iduen- 
ces actuates. To reduce the life of men to the nature 
state, as it means in the definition above, therefore, 
would eliminate its main characteristic: the social 
organization that provides them with support. 

The importance of such question is, for the purpo- 

ses of making EIAs, its consequences in relation to 
what may be considered as Environmental Impact. 
The document that guides the elaboration and pre- 
sentation of those studies, adopting the definition of 
the Environment National Board, is as follows: 

Environmental Impact: any change in the physical, 
chemical and biological properties of the Envi- 
ronment, caused by any kind of matter or energy 
resulting from human activities that, either directly or 
indirectly, affect: 

I - The population health, safety and welfare; 
I1 - Social and economic activities; 
I11 - Biota; 
IV -The esthetic and sanitary conditions of the envi- 

V - The quality of the environmental resources. 
ronment; 

Thus, such as by the omission of the society’s role 
in the Environment determination, the conditions in 
force of health, safety, etc., may not be attributed to 
anyone. In the definition above, not even is society 
treated as responsible for the transformation of those 
conditions. 

From the theoretical dissociation, operated by me- 
ans of those joint concepts of Environment and Envi- 
ronmental Impact arises, in the practice of EIA de- 
velopment, a similar dissociation, where the “human 
activities” (those potentially aggressive to the Envi- 
ronment) are corresponding to the project of the en- 
terprise set forth herein; in contrast to an essentially 
static and balanced background of the environmental 
picture. And so this is true that the obligatory per- 
formance of the EIA is explicitly applied to Envi- 
ronment modifjmg activities. Which ones would not 
be? 

Specifically concerning the CMSP activities, it 
must be emphasized that the implementation of a 
transport system has as inherent dimension the urban 
environment transformation. And it could not be di- 
fferent, since the change of the absolute and relative 
standards of accessibility to the several urban seg- 
ments provided by Metro change the general pro- 
duction conditions of the city, leading, on its turn, to 
the space re-distribution movement of the activities - 
transforming the ground uses and occupation. That 
is, according to the concept base set forth hereinabo- 
ve the purpose of the Metro enterprises would be 
confounded with their own impacts. 

It could be clearly seen, on the other hand, that in 
view of the virtual non-existence of an urban policy, 
and before the increasingly absence of planning in the 
conduction of the Brazilian urban process, the pro- 
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grammatic exercise of the State control on the space 
transformations - by means of SMA, would have the 
highest importance. Therefore, it would be required 
to search for overcoming the conceptual and metho- 
dological difficulties inherent to the Environmental 
Impact Assessments. 

The systematic reflection on the issues above 
allowed the overcoming of the difficulty, as well as 
of the risk of the impact assessments of the CMSP, 
wich incorporating the environmental issue in each of 
its stages, passes on proposing the necessary trans- 
formations in order to re-qualify the urban space 
where it is inserted, searching for solutions of imple- 
mentation that minimase or even eliminate the resul- 
ting negative impacts, enterprises being reduced to a 
mere rendering of accounts and inventory of tasks 
before SMA. They started acting as a lever of the 
planning process in CMSP, with significant potential 
consequences, both in its internal procedures and 
regarding the city urban and transport planning. 

4 TRANSPORT PLANNING PRACTICE 

In an attempt to make an approach of such theme in 
a didactic way, some examples have been organized 
around three fimdamental stages: Planning and Pro- 
ject, Implantation, Operation and Maintenance. 

As previously pointed out, since the beginning of 
its establishment, the CMSP has always incorporated 
environmental issues in its several work fronts. 

The changes in the country’s historical process, in 
leading its urban policy to abandonment, with 
consequent stoppage of investments in the sector, 
have been directly reflected in the Company, which 
because of the lack of a consistent Planning, starts 
developing its activities in an isolated way, generally 
restricted to its several actuation areas, then missing 
the notion of set. 

Due to the fact the Standards and Procedures, 
constructed mainly on first years of implantation, 
have guaranteed keeping of quality of the rendered 
services. The attitude adopted by CMSP, in view of 
the obligatory legal compliance, served mainly to 
replace the need for effective exercise of the planning 
activity, with significant gains, in each of its stages. 

4.1 Planning and Project 

A basic analysis is made in the Planning phase, under 
three aspects: metropolitan, regional and local. 
The reference of the metropolitan scope is the SBo 
Paul0 Metropolitan Region - RMSP. In such context, 

the general standard of the perfbrmed displacements 
and the characteristics of the already implanted ne- 
twork must be analyzed, comparing them with the 
demographic and social-economic evolution: popula- 
tion estimates and projections, income profile, supply 
of employment and their geographic distribution. 

Knowing the accessibility and mobility levels in 
the city, it is possible to propose a proper integration 
policy among the high, medium and low capacity 
systems, searching for the highest usage of each sys- 
tem and of the transports network as a whole. 

The regional scope, more specific, is related to the 
urban space, where the transformations caused by the 
enterprise are more intense. There, a better insertion 
of the line is tried, respecting the ground use and 
occupation law in force. It is possible, however, that 
localized changes are proposed to the law, so as to 
warrant that the urban transformations arising from 
the enterprise insertion in the metropolis are effec- 
tuated. 

The institutional interactions are indispensable, in 
order to overcome the sector view of specific inte- 
rests, strengthening the transformations caused by 
the enterprise. This is the case of the projects that 
complement each other, or of those superposing to 
each other, all of them with major urbanistic meaning 
and which require mutual adjustment. 

In the local scope, the studies are focused on a 
more restricted insertion of the enterprise. The re- 
flection on the environmental issues, concurrently to 
the project conception and detailing, allows the im- 
pacts to be minimized or even eliminated. 

The possibility of use of several construction 
methods and the adoption of bold station designs, 
employing technological innovations, lead to a better 
usage of spaces, reducing expropriations. 

At the same time, opportunity is opened to the 
formulation of policies that warrant minimum dis- 
comfort to the expropriated, preserving the main 
purposes set forth in the project guidelines. 

Another impact which may be even eliminated is 
related to the noise and vibrations caused by the 
wheel-rail contact. Regarding this, once there is pos- 
sibility of happening, the solution is provided by the 
adoption of shock absorption systems, currently with 
hlly developed technology. 

4.2 Work Installation 

The Environmental Action Plan, as required by 
SMA, obligatorily hlly made before the work ins- 
tallation, has purposes which warrant that the trans- 
port planning activities may be perpetuated, as fo- 
llows: 
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To serve as control instrument in the several en- 
terprise aspects; 
To feed a data base for development of new pro- 
jects; 
To allow a systematic verification of the pro- 
grams effectiveness and their continuous compa- 
tibility with the urban quality standards set forth 
by the company; 
To generate and systematize information for the 
several public organisms involved in the metro- 
politan planning; 
To allow the definition and improvement of the 
indexes extracted from the developed programs. 

4.3 Commercial Operation and Maintenance 

From the beginning of the Commercial Operation, 
and maintenance the right and wrong actions arising 
from the planning, project and implantation stages, 
are shown. 

The systematic registration of all detected events 
and of the solutions found are a significant basis that, 
in being incorporated to the planning, allows the 
continuous improvement of process. 

5 CONCLUSION 

The State presence is fbndamental to warrant the 
continuity and higher effectiveness of the transport 
planning process. 

In such sense, the law that provides for the mak- 
ing of Environmental Impact Assessments, becomes 
a valuable instrument that must be emphasized. In 
requiring a logic and detailed approach of several and 
different items, they promote and even impose the 
notion of integrated space, which is the base for the 
Transport Planning practice. 
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Population relocation plan and economic activities affected by works 
of S8o Paulo Metro 
Plan de replacement des populations et activites economiques atteintes par les ouvrages 
du Metro de Siio Paulo 
Plan de reubicacion de poblacion y actividades economicas afectadas por obras 
del Metropolitano de Siio Paulo 

Tania Olga Solitrenick & Adalberto Santos Capelo 
Companhia do Metropolitano de Slio Paulo, METRO, Brazil 

ABSTRACT : This assignment deals with the relocation process of the population and economic activities 
affected by the expropriation due to both the S5o Paulo Metro expansion works and mainly, the mitigating 
measures promoted by the Company, which intend to relief their impacts. 

&SUMk : Ce travail traite du processus de replacement de la population et des activites economiques 
atteintes par l’expropriation en raison des ouvrages d’expansion du Metro de S5o Paulo et principalement des 
mesures de compensation realisees par la Compagnie dans le but d’attenuer leur impact. 

RESUMEN : Este trabajo se trata del proceso de la reubicacion de la poblacion y actividades economicas 
afectadas por la expropiacion en razon de las obras de expansion del Metropolitano de San Pablo y, 
principalmente, de las medidas mitigadoras promovidas por la CompaAia, que tienen por fin atenuar sus 
impactos 

1 INTRODUCTION 

A large work such as a metro line represents not 
only a large economic investment, which will have 
deep repercussions in the social and environmental 
level of a metropolis like SZo Paulo, but means, 
equally, a change in the environment that will cer- 
tainly affect the daily life of the majority of its inha- 
bitants. In that sense, before properly entering the 
theme, a few and brief considerations are required. 

Normally, when there’s the need of either install- 
ing or extending a metro line, it is because the me- 
tropolis presents difficulties to make the circulation 
of people and goods on its higway network by the 
conventional transport modes (buses and cars) and, 
therefore, evidences saturation signals, which may 
even jeopardize it as “locus” of large economic pole 
and everything else arising from it, such as, for ex- 
ample, the life quality of its inhabitants. 

Before such observation, a metro work is pre- 
sented as an essential need to the survival of the 
metropolis, even with all impacts and problems 
caused along its entire implantation process. The 
arising benefits will always be much bigger than the 
imposed restrictions, and it is under a particular 
problem-situation that we will develop our theme, in 

order to present the several measures taken in order 
to try to mitigate it as most as possible. For such 
purpose, we will take as example the RELOCA- 
TION ACTIONS PLAN - PAR, involving popula- 
tions and companies affected by the expropriation 
process, located in the axis of the fbture LINE 4 - 
YELLOW - MORUMBI/LUZ, elaborated by Com- 
panhia do Metropolitano de S5o Paulo. 

This assignment will submit the steps taken to the 
elaboration of that Action Plan. 

2 STEPS FOR ELABORATION OF A RELOCA- 
TION PLAN 

A plan for relocation of owners and inhabitants of 
real estates to be expropriated because of works 
which have as purpose the expansion of metro lines, 
requires fkom the company some basic preliminary 
procedures aiming at the success of the enterprise. 

2.1 First Step 

The first step is the survey of all real estates to be 
expropriated, which will determine the several types 
of forms to be used to research the population to be 
expropriated. 
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2.2 Second Step 

The second step treats of the elaboration of data 
collection instruments, according to the following 
examples: 

For the families to be displaced, a form is ap- 
plied before the heads of families, where the 
following indicators are raised: 
Real estate occupation condition, that is, to 
check if it is owned by him/herself, leased or as- 
signed (lent). 
Demographic characteristics, which may be veri- 
fied as follows: family type, if it is nuclear, ex- 
panded (parents, children, grandchildren, etc.), or 
if the person lives alone, as well as the gender 
and the age of its inhabitants. 
Fixing in the region determined by the following 
items: 
J Place of birth of the heads of family, that is, 

if they are born in the same Municipality, in 
the State of Siio Paulo or are from other re- 
gions of the country and from other countries; 

J Time living in the Municipality, which has as 
purpose to perceive the adaptability degree to 
the metropolis; 

J Time living in the real estate, whose purpose 
is to perceive hidher friendship relations and 
social integration to the neighborhood, 
through its neighborhood relationships, be- 
cause the longer time in the house, the higher 
the probability of being inserted in a larger 
frame of social relations and to present higher 
resistance for changes. 

Work, Employment - in this item, the intention is 
to detect the occupational situation of the in- 
habitants and of their respective heads of family, 
checking those who are either working or unem- 
ployed or retired. For those working, it is tried to 
know hidher insertion in the productive structure 
(employees, owners, self-employed, etc.), as well 
as the number of years exercising such activity 
and its location, also surveying how their in- 
habitants go to their work places, if by private 
mode, public mode or walking. 
Life Standard - the purpose of this item is try to 
perceive through some social-economic vari- 
ables, such as income, education degree, the so- 
cial levels composing the population affected by 
the expropriation process. 

b) For those-owning real estates with economic ac- 
tivities, the collected data are gotten before the 
entity's owners or managers. The indicators 
surveyed within such item are the following: 

Dominion Status, which considers the number of 
real estates occupied by the entity and their oc- 

e 

cupational situation (own, leased or assigned). 
Line of activity and specification of developed 
activity. 
Size of the company classified according to the 
point of view of the interviewed himself, that is, 
each owner dimensions the size of hidher enter- 
prise (micro, small, medium, large) and, at the 
same time, inform the quantity of employees 
and/or persons employed in the company. 
Company's situation, where it is intended to 
check if the entities to be expropriated are single 
companies, parent companies or branches. 
Fixing Degree in the Region, where it is checked 
for how long the companies are occupying the 
real estates to be expropriated, and how long ago 
they have been created. In such item, it is also 
tried to know the types of consumers served by 
those companies, that is, if such consumers are in 
the end of the process or if they are other private 
companies or even public entities. 

2.3 Third Step 

The third step is the analysis of the collected data in 
order to direct the elaboration of the Action Plan. 

2.4 Fourth Step 

The fourth step is the elaboration of the Action Plan. 
In order to such plan may be feasible, some basic 
premises must be observed: 

To release, timely, areas required to the enter- 
prise implementation. 
To warrant the fair indemnity of the expropriated 
real estate. 
To provide access of the expropriated families 
and businessmen to facilitating mechanisms both 
of the replacement of the expropriated asset as 
well as of re-installation of economic activities. 
In order to reach such objectives, it is required to 
comply with some guidelines, such as: 
Equality of treatment, understanding that all 
owners and/or occupants of the affected real es- 
tates are the target public of the mitigating meas- 
ures. 
Plurality of options, focusing on offering diversi- 
fied compensation alternatives, so as to contem- 
plate the dominion heterogeneity and the social- 
economic singularities of the affected population. 
Participation and social negotiation, towards a 
dialog between Companhia do Metre and the af- 
fected population, avoiding judicial expropria- 
tions as most as possible. 
Guarantee of resources in order to avoid inter- 
ruption in the indemnity process or the incentive 
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to the use of judicial measures as a way to handle 
with lack of liquidity to perform the expropria- 
lions. 
Socially fair indemnities, understood as such 
when the value attributed to the expropriated real 
estate allows the purchase of a similar real estate. 
Institutional articulation, which provides a joint 
actuation with other government levels, always 
when required. 

The Relocation Plan is structured into five pro- 
grams, arranged as follows. 

Area Acquisition and Release Program 

Area Acquisition and Release Program, which has as 
purpose the acquisition of the real estates inserted in 
the area required to the enterprise implantation and 
the change of occupants sufficiently before the start 
of works, avoiding that the people to be displaced 
are subject to undesirable transition periods which 
may come about in the short time period between the 
expropriation and the search for a new real es- 
tate.The main actions related to the plan are concen- 
trated in the following items: (a) Publishing of the 
Public Utility Decree; (b) Approval of Budget Law 
by the Legislative Assembly; (c) Physical enroll- 
ment of the real estate; (d) Real estates appraisal; (e) 
Documentary survey with the purpose of identifying, 
in advance, real estates with documentary problems, 
with the purpose of accelerating the regularization; 
(f) Approval of the values by the company’s Board 
of Directors; (g) Negotiation: presentation of the 
values attributed to the real estates to the owners; (h) 
Payment of indemnity; (i) Change of the families; 0 )  
Writ of ejectment of real estates, incorporating them 
to the company’s equity; (k) Demolishing of real 
estates, cleaning of area and start of works. 

Support Program 

Support Program to Residential Relocation and Eco- 
nomic Activities: its purpose is to proceed the rein- 
sertion in the area of houses of the families taken-off 
from their domiciles and re-installation of the eco- 
nomic activities affected by expropriation. Its main 
actions are the following: 

To create conditions which facilitate the acquisi- 
tion of new real estates and re-installation of af- 
fected economic activities. In such sense, the ex- 
propriated one would count on the following 
mechanisms: 
J Financing Line for acquisition of real estates, 

which consists of the organization, before 
Public and/or Private Banks of facilitators, 

for access of the expropriated people to the 
credit facilities for real estate acquisition, in a 
context where the shortage of resources for 
habitation financing is the opposite of the 
continuous expansion of demand for such. 
Basically, the mechanism feasibility requires 
the actions below. In the expropriation prepa- 
ration phase: (a) actions from the company 
before the bank system, with the purpose of 
examining availability of financing lines or 
possibility of their activation, studying ac- 
tions in order to facilitate the access of the 
expropriated people to financing; (b) to make 
surveys before the fbture expropriated peo- 
ple, in order to examine the adherence of 
such mechanism to its interests and in the 
perspective of dimensioning the quantity of 
potential requests that may be made to the fi- 
nancial system; (c) entering into agreements 
(between the company and the bank system), 
for compliance with financing applications of 
people expropriated for implantation of Line 
4; (d) formation of Real Estates Exchange 
through agreement with entities acting in the 
real estate market. In the plan execution 
phase, the central actions of said program are: 
(a) campaign of information with the expro- 
priated people with the purpose of forming 
their knowledge about requirements, mecha- 
nisms facilitating the real estate replacement 
and the company re-installation; (b) formal- 
ization of adhesion of the inhabitants who 
wish so, to the replacement facilitating 
mechanisms; (c) to use Real Estates Ex- 
change. 

J Credit system for small and medium compa- 
nies, which consists in organizing facilitators 
for obtaining credit for re-installation of the 
displaced economic activities and/or for their 
re-organization, acquisition of new technolo- 
gies, power rationalization, environmental 
control and managerial capacity, having as 
purpose the development and modernization 
of affected micro and small companies, sub- 
ject to such kind of compensation. Operation- 
ally, such support is made through actions of 
the company before the financial system, 
having as purpose to enter into agreements 
facilitating the insertion of the expropriated 
people into credit facilities. 

J Technical and managerial support for dis- 
placed companies, which consists of the fa- 
cilitation of use of companies’ technical and 
managerial support programs, offered by spe- 
cialized institutions. Operationally, the role of 
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the company is to deal with institutions, enter 
into agreements to accelerate the use of its 
programs by part of the affected business- 
men. 

J Permanence in the real estate, that allows its 
occupant to stay for a given time in the real 
estate, after receiving the indemnity money. 
The facilitating character of such mechanism 
arises from the following understanding: (a) 
the leasees, released from the rental payment 
are able to use its corresponding value as 
savings to face a new lease; (b) residing own- 
ers, holding the indemnity value, may have a 
larger term to search, locate and make effec- 
tive the transaction of new real estate. 

Social ~lommunication arid Interaction Program, 

It has the following purposes: 
To align dialog actions among the company, 
affected families and businessmen, in order to 
provide the latter with all information on the ex- 
propriation process and on the utilization of the 
mechanisms facilitating the real estate replace- 
ment and company’s re-installation. 
To order information campaigns to the society, 
publishing the enterprise, its time schedule and 
the progress of works 
During the phase of works, to warrant to the in- 
habitants and users of their surrounding areas, in- 
formation on changes in the traffic and main 
work events. 
Such program will be developed through the 
following mechanisms: 
Installation of Information Stations along the 
Line route, decentralizing the information with 
the purpose of facilitating the access to the inter- 
ested people. 
Meetings with the population and companies 
affected by expropriation, submitting the Line 
design; time schedule; expropriation system with 
emphasis in the real estates appraisal model; 
mechanisms conceived in order to minimize the 
expropriation adverse effects. 
Enterprise publishing campaigns, made by ac- 
tions of the Company’s Press Advisory through 
the communication media. 

Monitoring Program 

Monitoring is understood as the continuous follow- 
up of the actions defined to achieve the objectives of 
a Plan, The objectives of such program are the fol- 
lowing: 
E) To systematically record the progress of the 

actions of the Areas Release and Acquisition 
Program, Program of Support to the home re- 
insertion and business re-installation and of the 
Social Communication program and Interaction 
with the Community, with periodical measure- 
ments of their progress, detecting obstacles and 
indicating the required paths for their overcom- 
ing. 
To watch for the programs and their respective 
actions to be implanted within the basic provi- 
sions of the Plan, expressed in its guidelines. 
To form a Data Bank that makes possible to take 
advantage of the knowledge of the situation of 
families and companies before the expropriation 
event. 
To examine the interest of the expropriated peo- 
ple regarding the re-insertion facilitating mecha- 
nisms, providing the Company with resources for 
effectuation of the studied agreements. 
Registration of the works phase effects in the 
dynamics of the economic activities (flow inter- 
ruption). 
Follow-up of the real estates documentary situa- 
tion and of the foreseen actions of documentary 
regularization, with the purpose of reducing, as 
most as possible, obstacles to an amicable in- 
demnity. 
Systematized follow-up of the Negotiation ac- 
tions (presentation of the real estates’ values to 
the owners; adhesion to the mechanisms facili- 
tating the house re-insertion and business re- 
installation, presenting adjustment alternatives 
when applicable). 
Follow-up of the real estate release (moving of 
families and companies). 
Follow-up of the expropriated families and com- 
panies re-insertion path in the period from the 
moving from the expropriated real estate up to 
one year after insertion in the new real estate. 
The related objectives are subject to: 
Political-Institutional Factors, such as: (a) envi- 
ronmental licensing; (b) effectuation of taking of 
loans before international organisms; (c) effec- 
tuation of the Budget Law through which expro- 
priatiodindemnity resources are guaranteed; (d) 
expiry and publishing of public utility decrees; 
(e) the Line concession process. 
Legal Factors: it is understood that the Plan may 
have its progress affected by the real estates’ 
documentary situation. This is because Compan- 
hia do Metr6 is subject to the specific law that 
provides for the documentary requirements in 
order to accelerate indemnities. Therefore, to an- 
ticipate the diagnosis of the real estates present- 
ing documentary problems, as well as to previ- 
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ously provide the owners with guidance for 
regularization, is a base action for a successfbl 
Plan. 
Economic-Financial Factors: the value attributed 
to the expropriated real estates is another critical 
point of the population and companies Reloca- 
tion Plan. That is because the owner’s agreement 
with the offered price is the starting point to ac- 
celerate an amicable indemnity, one of the Plan 
precepts. The theme monitoring passes by the 
follow-up of the following aspects: (a) examina- 
tion of the attributed values, comparing them 
with market values at the time when the re- 
insertion mechanisms are carried out; (b) regis- 
tration of the values presentation and negotiation 
ritual with the owners, as well as its final result, 
recording circumstances of different points of 
view among the parties; (c) performance of ex- 
ternal agents (financial system), which will make 
the mechanisms feasible for house re-insertion 
and re-installation of economic activities. 
Social-Cultural Factors: as no analysis of adhe- 
sion interest has been performed with the com- 
munity affected by expropriation, there is no evi- 
dence that the house re-insertion and business re- 
installation facilitating measures are of interest of 
the affected population. 

Further, the Plan monitoring foresees follow-up 
of the real estates prices dynamics inserted 
around the fbture Line. Although the price evolu- 
tion has no direct relationship with the relocation 
plan, but with the enterprise, the theme monitor- 
ing is justified by the need of warranting re- 
sources to the appraisal of the plan, which will be 
performed after the monitoring. At the appraisal 
moment, the data related to the real estates price 
evolution around the fbture Line will be an im- 
portant base for discussions concerning the fair 
indemnity concept. On the other hand, the data on 
the theme will be largely valid in order to exam- 
ine some principles related to the effects from the 
implantation of enterprises such as Line 4, over 
the real estate market. The achieved resources 
may also be used to compare the attributed values 
with the real estates and the trend of valuation (or 
not) around the fbture Line. Finally, the plan 
monitoring comprises a direct follow-up of a 
sample of families and companies in their house 
and business re-insertion process, in order to get 
real knowledge of the process, until today ana- 
lyzed basically through indirect information. 

@ 

Appraisal Program 

The Plan appraisal will have “ex-post” character, 

and must start one year aRer the leaving of the ex- 
propriated people from the real estates. Its general 
purpose is to identify, measure and analyze the relo- 
cation effects in the population life conditions and in 
the companies’ re-establishing and operation.The 
proposed appraisal model is that with control group, 
which offers highest chances of isolating the expro- 
priation effects from those produced regardless of it, 
because of social-economic context conditions. 

2.5 Fifth Step 

The fifth step treats of the Plan Management: the 
Plan implantation involves a series of activities, of 
different natures, implying in mobilization of several 
Company’s areas. 

As the Plan implementation involves actions un- 
der the responsibility of several areas, it is important 
to define the coordination mechanisms and timely 
mobilization of those organizational units.The plan- 
ning of the Relocation Plan needs, therefore, to be 
together with its organizational structure. In other 
words: whenever the planning is related to new 
mechanisms and actions, there must be an opera- 
tionalization compensation in the organizational 
structure. 

The Plan coordinator area will develop permanent 
interaction with the technicians and managers of the 
following areas: legal planning, engineering, real 
estate property, finance, institutional marketing and 
special projects. 
Such area will centralize the set of documents, rec- 
ords, cartography, among other elements currently 
spread by several areas of the company, required to 
the management of the Relocation Plan. 

The process coordinator area will have authority 
to perform the actions required to the Plan imple- 
mentation. 

The first management duty will be to formulate a 
detailed work plan, appointing activities to be per- 
formed, terms and technical resources required to 
the Relocation Plan implementation. The first man- 
agement duty will be to formulate a detailed work 
plan, appointing activities to be performed, terms 
and technical resources required to the Relocation 
Plan implementation. 

3 CONCLUSION 

In order to be successful, any relocation plan should 
be based on the socio-economic reality of the af- 
fected population. 

It should provide favourable conditions to acqui- 
sition of new real estates replacing the expropriated 
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ones, hence leading to a smooth reinsertion of the 
families in other houses, as well as the reorganiza- 
tion of the economic activities affected by the ex- 
propriation process. 

Last but not least, it should court on a continuous 
follow-up of the proposed actions and an evaluation 
for assessing the effects of relocation as well. 
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Transport-related pollution perspectives of the use of three-wheelers mode 
of public transportation in the Lagos metropolis 

Kayode Oyesiku 
Centre for Transport Studies, Ogun State University, Ago Iwoye, Nigeria 

ABSTRACT : Perhaps the most apparent transportation planning and urban development 
problems that have over the years received attention of, and yet continue to pose challenges to 
policy makers, are the need to provide sustainable public transport systeiii and revitalisation of 
distorted socio-economic policies. The pressure created by rapid population growth of Lagos 
on transport infrastructure and services in the city is indeed great that decline in quality and 
quantity of services are inevitable and uncertain. The persistent trials and errors in the urban 
public transportation policy resulted to tlie introduction of the three wheeler vehicular mode of 
public transportation in the metropolis of about 1 1 million people. 
Since the vehicles hit the streets of Lagos about two years ago, many under-employed 
graduates were put in  business, many un-educated citizens incapacitated by poverty-stricken 
background got something to do, while short-distanced commuters, who hitherto had made 
their trip on foot or motorcycle had relief. These gains were, however, over shadowed by the 
relatively small size of the vehicle (officially three passengers full capacity) that made it 
uncomfortable for niany passengers, its fragile nature inability to withstand the restlessness 
and aggressive nature of Lagos commuters, emissions from within and other vehicles, engine 
noise from within and other vehicles continuously give passengers persistent discomfort. 
More importantly, the adoption of the mode for public transport with its attendant limited 
occupancy restraint design put many passengers at risk and made the mode unsafe at any 

This paper exaiiiines the policy background of the introduction of this mode of public 
transportation in tlie most populated city in the African continent and discusses in details tlie 
traiisport-related pollution implications of its use on the environment and the urban passengers 
and population. The overall concern of tlie government driven and dominant control of public 
traiisportatioii systems in rapidly growing Nigerian cities is highlighted and the some policy 
suggestion advanced towards ensuring a more effectively sustained public transport systems 
arid urban environment. 

speed. 

INTRODUCTION so c i o - eco no ni i c, political, and 
geographical factors of the communities 

Cities of the developing countries are now therein ; It  has such features as rapid 
faced with a peculiar phenoinenon called population growth, increasing spatial 
urbanisation, it is as a result of changes in differentiation and a highly diversified 
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need to commute between and within the 
settlement that abounds in the area. 
I-10 ive ve r , the freq ue 11 t m i s manage me n t o f 
scarce resources coupded with the absence 
of an effective planning and 
i iii p 1 e men t a t i o n p o 1 icy in these countries 
have weakened the capacity to provide 
basic social amenities and infrastructural 
facilities that can match the demands of 
urban i sat i o n . 
The urban public transport systeni in many 
cities of Nigeria is an epitome of the 
situation highlighted above. The public 
sector participation in the road transport 
system is chiefly in  the construction of 
roads, bridges, terminal and so on, and its 
effort at providing municipal bus services 
(conventional buses) have not been 
successful. Consequently, the provision of 
urban public transportation services has 
been conceded to the private sector. In 
es s e ii c e , i ii t e r i n  e d i at e modes predominate 
in the cities and the urban centres in 
Nigeria. The inherent mobility crisis that 
result from this practice is what has 
characterised the urban road passenger 
transport in Nigeria. 
'The Urban road passenger transport 
services are provided in a variety of modes 
in Nigeria. Each city has its particular 
modal choice alternatives. Lagos is the 
most populated city and its undergoing 
rapid urbanisation process, experiencing 
great mobility crisis. It is based on this 
background that the introduction of motor 
cycles ((( Okada D) into the urban 
passenger transport system has been made 
in the early part of this decade by private 
transport operators in  most Nigerian cities. 
Recently, the state government introduced 
the supply of (( 3-wheeler autorickshaw )) 
as another alternative urban passenger 
trails p o r t mode . 

Its introduction is bag of mixed feelings 
according to recent study in Nigeria. 
Although not conclusive, the study results 
elucidate on some transport related 
pollution perspectives on its use on the 
environment. The study looked at the 
possible impact of the use or readership of 
the mode of public transport on the 
commuters and the environment. The 
researcher was also asking about how 
cheap, time reducing, safe and 
environmental friendly the mode is. The 
study used questionnaire, asking 980 
regular commuters of the mode of transport 
on various aspects of transport related 
pollution and environmental issues while 
in the vehicles. The analysed result of the 
study is the focus of this paper. Also 
discussed i n  general are the issues i n  urban 
public transportation services in Nigeria. 

ISSUES IN URBAN PUBLIC 
TRANSPORT IN NI G ER1 AN 
METROPOLIS. 

There are different types of urban 
passenger transport modes operating in 
Nigerian cities due to the diversity of travel 
patterns, user preferences, ridership, 
densities, variety of land uses and the 
affordability and availability of private and 
public transport (Adenij i and Ogu, 1998). 
However, the prevailing condition of 
mobility and accessibility has not been 
satisfactory, as they exist i n  crisis situation 
with transport problems growing in scale 
and c o ni p 1 ex it  y . 
This situation has been the subject of many 
studies and researches by indigenous and 
foreign researchers, consultants and World 
Bank Agencies. These studies reveal 
numerous transport pro biems and those 
relevant to this study will be summarise as 
follow : 
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Acute shortage of transport supplies ef’ficiency of its road network. Also, the 
relative to transport and traffic demand. World Bank policy study on urban 
Car ownership level, 4.30 per 1000 transportation noted that in Lagos, the 
population, is coniparatively lower than average vehicles travels at about half the 
that of most countries (UNCHS, 1996). speed of its counterpart in London and 
The number of public owned bus FrankfLirt, indicating that a large amount 
services have reduced drastically, while of time and energy are often wasted. 
the rate of operation of paratransits have 
been reducing over the years with 
passenger transport traffic demand 
continually 011 the increase (World 
Bank, 1996 ; Oyesiku and Obadimeji, 
1998). 

4 

Usage of over-crowded and unsafe 
vehicles for public transport. Vehicles 
used for public transport in most cities 
include adapted vehicles such as 
(( iiiolue )), niini-buses, taxis, private 
cars, and recently motorcycles. The 
v e 11 i c 1 e s are i n d e t e r i o rating c o nd it i o n s 
as a result of bad road conditions, 
unavailability of spare parts, national 
economic downturn, leading to 
importation and use of old vehicles for 
public transportation. In an effort to 
break-even by operators and also due to 
shortage of available services, the 
vehicles usually operate at excessive 
carrying capacities making it 
11 i i  c o ni fo r t a b 1 e and ~insa fe . 

5 

Increased iniinobility of the urban poor 
i n  the lace of’ escalating public transport 
fare. A nuniber of studies and 
researches show that intermediate or 
paratransit modes (private sector owned 
i n  the informal sector) predominate 
urban transport system in Nigeria. The 
commuters are left at the mercy of the 
private operators, whose f‘are structure 
levels fluctuates and increases at will, 
especially during peak and fuel scarcity 
period. A way of reducing expleitation 
by private operators is for the 
Government’s efforts of providing 
t lire e - w lie e 1 er s auto r i c k s li a w. 

Lack of system co-ordination, which 
has resulted in non-integrated mobility. 
As noted, there are in  existence different 
types of urban passenger modes, but 
their impact has been very low, thus 
requiring adequate co-ordination of the 
systeni. A critical appraisal of each 
mode available to the coinniuters 

. Road congestion, parking problenis, becomes useful in  achieving the desired 
s y stern c 0-0 rd i na t i o n , s i nce the re 1 at i ve 
success of each sub-unit of a system 
will bring overall success to the whole 

ac c i dents ail d e iiv i ro nnien t a1 po 1 1 ut io n 
among others. Studies have revealed the 
extensive use of narrow and unsuitable 
tertiary roads for urban transport in unit called the system. 
Lagos State instead of wider secondary 
roads leading into primary roads (Dar 
Al-handasah consultants, 1992). The 
comparative study of road kilometres 
per thousand population for Lagos and 
seven other cities in Africa , show a 
value of 0.47 for Lagos (the lowest) 
with the effect of a low operational 

6. Perhaps the most fundaniental of 
transportation problem in densely 
populated cities of Nigeria, including 
Lagos, is difficulties for the people to 
get to and from work daily. Reducing 
travelling time and cost are major 
consideration for transportation planners 
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in growing megacity such as Lagos 
(Auclair, 1999. P.26). For instance, 
travels time to and from work is the 
longest in  Africa compare to other parts 
of the world. Lagos, Nigeria has travel 
time of 85 minutes with car ownership 
of 4.30 per 1000 population. 

It  is against this background tliat, the 
existing public transport mode in Lagos 
cannot reduce travel time, reduce accident, 
and lower travel cost to individual 
cornniuters. Early in the decade, motor 
bicycle involved as dominant mode of 
pub 1 i c transport at i o i i  in  in e t ro p o 1 i t  an cities 
in Nigeria. Many writers attributed this to 
poverty and decreasing number of para- 
transit inode of public transport and lower 
car ownership (ikya 1993). Thus, the 
evolution of motorcycle was to fill an 
important economic gap, and to an extent, 
alleviate public traiisport problem of 
certain categories of commuters. The 
decline in per capital expenditure of greater 
proportion of coiiiniuters by mid of 1990s, 
further necessitated an in-road of three- 
wheelers-cycle as another mode of public 
transportation in Lagos. 
Moreover, as it  used in many densely 
popiilated developing countries, such as 
India, and Indonesia, i t  is hope that the 
three-wheeler cycle will perform better 
than motorcycle, particular in ternis of 
safe t y , ea s y -ilia i n t erianc e , 
accessibility en v i ro nine n t a 1 
friendliness. However, as this study 
revealed, tlie expected gains fi-oni the use 
of the three-wheeler cycle has been over 
shadow by its fragile nature and some 
basic transport related pollutioii problem, 
such as emissions from other vehicles, 
engine noise, and persistence discomfort. it 
is basis of this tliat the elaborate study on 
transport related pollution perspective of 
the use of three-wheeler cycle mode of 
transport is carried out . 

d u ra b i 1 it y , 
and 
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USE OF THREE WHEELER BYCLE 
AND CITY GOVERNMENT' 

Tlie 3 - wheeler autorickshaw is a tried and 
tested produce having been developed 
more than twenty (20) years ago in Italy as 
a derivative of tlie well known Vespa 
scooter. Tlie autorickshaw can carry three 
(3) adult passengers plus tlie driver and 
also a small child and some hand luggage. 
I t  uses a modified (< Vespa )) type engine. It  
therefore ofikrs more than three - (3) tinie 
the revenue of' a norinal (( OKADA )) 
motorcycle, and yet has almost the same 
operating costs. 
The 3 - wheeler cycle was identified to 
satisfy the coniniuters changing tastes and 
preferences since the taxes are now beyond 
the reach of many commuters, and the 
buses do not ultimately provide niobility 
into and from the emerging settlements 
within in tlie metropolis. The use of 
motorcycle is a product of necessity. The 
high cost of taxi fares had driven some 
people into patronising the cyclists, though 
the level of safety and coinfort leaves a lot 
to be desired. The introduction of the 3 - 
wheeler is expected to meet the aspirations 
of Lagos commuters in terms of comfort, 
variety and safety. 
The first phase of tlie Lagos metropolis 
autorickshaw project covers the 
deployment of five hundred unit '  (500) of 
auto r i ck s h a w w i t h i n L ago s to i 11 d i v i d u a1 
operators on a deferred pa)ment basis. It is 
geared not only to ameliorate the transport 
problems of people of city, but to also 
generate gainfd eniployment for five 
hundred to one thousand individuals 
directly as operators (an autoricsliaw can 
have up to two (2) shift of. drivers it each 
day) and over five thousand (5, 000) others 
indirectly as niechanics, support staff, and 
so on. The project has been well planned 



and integrated by the government of Lagos 
State. The project is self supporting in that 
the money spent in  procuring the first 500 
units will revolve to continuously inject 
more autorickshaw into the project as 
repayments froin operators come in 
monthly. 
The Lagos State government is subsiding 
the registration and licensing fees, as well 
as tlie hackney permit to assists the 
operators. This study shows that each 
operator was able to realise a net revenue 
of at lease double the amount which the 
will repay each niontli to tlie scheme. The 
surplus is earning to support self and 
fami 1 y . 
A well-equipped and well-staffed main 
workshop had been established at the 
pro-ject site and has been catering for any 
major repairs of the 3 - wheelers. 
Advanced overseas training of some senior 
technicians was also been planned at the 
iiianufacturer’s plant in India. Each 3 - 
wheeler operator was also supplied with 
large quantities of adequate spare part for 
eighteen ( I  8) to twenty (20) months of 
operation free and at no extra cost for the 
b a s i c Any 
operator is expected to replace this parts 
with his own hands as at when required or 
go on to any one oi’ the two huiidred (200) 
or so mechaiiic trained and spread 
throughout Lagos. Where for sonie serious 
problems the vehicle is brought into tlie 
main prqject workshop, then all problems 
are attended to free of any labour costs by 
the pro.ject cii~ineers/iiiecliaiiics on site. I n  
addition , a11 further requirement or spares 
are sold at subsidised prices to  all bonafids 
operators. These prices were at least 
twenty-tive ( 2 5 )  present lower than the 
normal local retails prices for the same 
replacement spare. 

p re v e i i  t i v e ni a i 11 t e na iic e . 

TRANSPORT RELATED POLLUTION 
PERSPECTIVES : MAJOR FINDINGS 

The analysis of tlie study showed that over 
7 5 i lit e r vi e we d 
expressed acceptability of tlie mode of 
transport. I~foreover, 92 percent of them 
opined that the mode has considerable 
cheaper, while most coiiiiiiuters were of 
the view that the most prominent factor 
that attracted thein are safety records, 
costs, and reduced travel time. 
I n  terms of transport related pollution of 
tlie use of mode of transport, 38 percent of 
co 111 i i iu  t ers i nd i cat ed the no i se from the 
cycle and other vehicles as the major in the 
ridership of the mode. This is following by 
both the noise and air pollution by (25%) 
and air pollution (0.75%). Furthermore, 30 
percent of the respondents indicated that 
the extent of emission from the 3-wheeler 
mode is higher than other mode of 
transport, while the 50 percent consider tlie 
extent of emissions very moderate. In 
terms of severity of tlie noise froin the use 
of mode of transport. 25 percent 
considered it  very serious, while the 56 
percent of the users considered it fairly 
serious. 
Perhaps, one of the most important aspect 
of tlie survey is visual intrusion posed by 
the three-wheeler mode of transport. Under 
noi-iiia 1 weather c o nd i t i o n , 1110 s t 
interviewed commuters indicated that 
travelling by tlie mode is good. However, 
during the raining season that is between 
March and October visibility is very poor, 
therefore, niakiiig the use of tlie mode very 
uncomfortable. As high as 86 percent of 
the respondents was of tlie view that 
irrespective of weather condition they are 
often affected by heavy emission from 
other vehicles which affected their visual 
intrusions. in the actual fact, based on the 

p e rc e 11 t o f ’ c o i i i  i n  U t ers 
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held observation, the 3-wheeler cycles 
could hardly be found on the road 
whenever it  rains. ?‘he visual intrusions as 
a result of emissions from other vehicles. 
This has further made the use of the mode 
very 1-1 nc o in fo rt a b 1 e part i c U 1 ar 1 y during the 
peak period. 
Going by the transport related pollution 
aspect of the use of the niode of vehicle 
including severity o f  noise, extend of‘ air 
pollution, visibility and visual intrusions, it 
is undoubtedly clear that commuters are 
affected to great extent by severe noise and 
high level of emission. Coniniuters were 
also affected by visual intrusion through 
emission fi-oni other Vehicles. I n  tlic other 
words, this mode of public transportation is 
considered very reliable, somewhat safe 
and affordable to signilicant proportion of 
co i n  mu t ers L ago s. 
However, i t  use brings a considerable 
discomfort to coiiiniuters in terms of noise, 
emission and visual intrusions. 
We should never lose sight of fact that the 
period of discomfort t o  [he coinniuters is 
short because trips made in  this mode of 
transport is ~isually f’or a very short 
distance and cheap. Nevertheless, i t  is 
environment that actual becomes 
repository of the effect of the pollution, 
particularly those of the use of qrcle. 
No doubt, the government of 1,agos City 
has allowed the lo\z-inconie groups to be 
part of the participatory urban management 
pro g r a i i i  me , t lie i r 
capacity to manage solution to city 
d e ve 1 o p ii i  e n t p o 1 i c i e s by i ni p ro v i ng pub I i c 
t ra n s port s y s t e i n .  ‘The auto r i c k s ha w p r oj ec t 
is also ’pro-poor’ and is one that has 
cnsurcd inore participatory approach by the 
go v e 1-11 me i i  t . 
These are important aspects of sustainable 
de v e 1 o p me n t . 1-1 owe ve r , the auto r i c ksha w 
project is yet another case of how urban 

i n met 1-0 po 1 i tan 

the re by e n 11 an c i ng 

development has impact on the 
environnient and local ecosystems. It is 
indeed it difficult sitLiation to reconcile the 
agendas with city urban public transport 
policies of the state and improving the 
environment. Sustainability of tlie 3- 
wheeler cycle use as another public 
transport mode is very niucli in doubt. The 
pollution aspect of the use of tlie mode as it  
a ff 2 c t s the co i n 1  11 U t e rs and the eiiv i ron i n  en t 
poses a constraint that limits the usefulness 
of a good programme target at the poor. 
Nevertheless. tlie study still continues to 
research into several different aspects of 
the use of the mode within the context of 
‘ s ii s t a i nab 1 e ur.13 an d e ve 1 o p i n  en t ’ wit ho LI t 
masking the real conflict of interest and 
encoLiragiiig the sustaining of‘ an unjust 
i n  o de o f urban p 11 b 1 i c t ra ns port a1 t ern at i ve . 

MAIN REFERENCES 

Auclair, C. ( I  999) : (( Measures of Travel 
Time in  Cities n. LJrban Age, Spring, 

Dar AI-Iiandasah Consultants ( 1992) : 
Lagos Transport Plan. Lagos Statre 
(3 ove riinie n t , L ago s. 
Ikya, S. G .  (ed.) (1993) : lirban Passenger 
Tr a n s p o r t a t i on 1-1 e i nein a n n 
Ed iica t ion B oo I< s, I bad an. 
Oyeskiku, 0 . K .  and Obadinieji, 0 .A. 
( 1  998) : ‘Factor of Deiiiand of Freight 
Transport in Nigerian Petroleum Industry : 
The Lagos Area Study’. Iournal of 
Transport Studies, V O L .  2, No. 1 ,  pp 46- 
62. 
UNCHS, (1996) : Global Urban Indicators 
Databuse. UNCI-lS (Habitat), New York. 
World Bank ( 19%) : Sustainable 
‘Transport : Priorities for Policy Reform. 
The World Bank, Washington. 

V01.6, NO. 4, 1213. 26-27. 

i 11 N i g er. i a. 

232 



Urban Transportation and Environment, Diaz Gonzalez Palomas L? Jamet (eds) 0 2000 Balkema, Rotterdam, ISBN 90 5809 128 7 

The environmental Brazilian law extension over the urban transport 
L’application de la lkgislation brksilienne du environnement pour le transport urbain 
La aplicacion de la legislacion brasileiia del ambiente a1 transporte wbano 

Mario Jorge Lima 
Transport Department, Polytechnic School, Federal University of Bahia, Brazil 

ABSTRACT: During the last decades, the care with the environment has grown, in Brazil, intending to reduce 
the man action harmfkl impact, over the nature and human life dome, above all, about.the amazon forest. 
Besides that worries, it has grown too, the regulations destinated to face the urban environment problems. The 
article analyses the effects of the environmental law, over the urban transport planning and operation. 

R&&: Durant les dernieres decades, a Bresil, la attention pour le environment est augmentee, pour 
diminuer le dommage que I’action du homme cause, sur la nature, la qualite de la vie, et surtout, pour la 
amazone foret. A cote, est augmentee aussi, les regles destinee pour les problemes du environment urbain. Cet 
article vise demonstrer les effects de les lois bresilienes du environment pour la operation du transport urbain. 

RESUMEN: Durante las ultimas decenas, hay crecido, en Brasil, la atencion con el medio ambiente, con el 
designio de reducirse el efecto daiioso de la accion del hombre sobre la naturaleza y qualidad de la vida, 
sobretodo, con la floresta amazonica. Al lado, hay crecido tambien, la regulacion hacia el medio ambiente 
urbano. El articulo trata de la influencia de las leyes brasileiias del ambiente sobre el transporte urbano. 

1 - INTRODUCTION 

The nucleus of the brazilian law system, 
organized to protect and rule the environmental 
inheritance, is found in the Brazilian Federal 
Constitution, promulgated at 1988. 

The appropriated inclusion of that subject on 
the Constitution, appears accompanying the new 
cultural guidance, emerged in all the west world, 
mainly at the developed countries, since the last of 
the 70’s years. 

Since that time, the intelligence and scientific 
elite attended for the unknown impacts over the 
nature and the life quality, of the man action, always 
pursuing the economic development, to promote the 
intended collective welfare. 
At the juridical world, the arising and increasing 
autonomy of the environmental law, rouses a new 
legal philosophy, maintaining it collective law 
character, but allowing for the private and then, 
finishing the exclusive State’s responsability for the 
collective interest defence’. 

Another important innovation is the necessary 
support for the judges and lawyers, frequently 
assisted by nature sciences technicians and 
engineers2, to produce the practical environmental 
law, instead of the west Right history, always 
founded only, over the socials and politicals sciences. 

2 - THE BRAZILIAN ENVIRONMENTAL LAW 
HISTORY 

Before the Constitution of 1988, none former 
brazilian constitutions attended direct the 
environment subject, but existed, under that 
constitutions, such anothers countries, several similar 
laws destined to rule the community interests, as the 
sanitary, the animal and forest protection laws3. 

Minahim, M. A Direito Penal Ambiental ... pg. 252. 
Machado, P. A. L., Direito Ambiental ..., pg. 158. 
Leite, J. L., Dimens20 juridica ... pg. 174 e segs. 
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That laws were used as the embryo, whereby 
were developed the actual environmental law in 
force, although not by the enlarged use, but above 
all, by the extensions added for them, brought by the 
new environmental guidance. 

Before the Constitution of 1988, the 
environmental law, below the former constitutions, 
hold rules extended over the urban transport, as the 
Decree n. 303/67, criating the Environmental 
Pollution National Council, bringing the base 
concepts about the pollution, but the enforce and 
control was destined only for the States and the 
Municipalities4. 

The Brazilian Constitution of 1988 devotes a 
special chapter for the environmental rules, and, 
reigning as the greatest law of the nation, guides the 
government action obligation and the complementary 
law requisitated for the environmental protection. 

So, after the emerged constitutional standards 
and with the ascribed tasks for the Union, the States 
and the Municipalities, became possible to require 
the government, to act and legislate about the 
environment. 

3 - THE CONCEPTUAL DIVISION ABOUT THE 
ENVIRONMENT 

The theoretical analysis of the environment 
subject, enable the division over the contents in 
accordance with three aspects: the artificial 
environment, the cultural environment and the 
natural environment5. 

The artificial environment is limited by the 
edifications and public constructions components of 
the urban space. 

The cultural environment is the landscape, 
historical, artistical and tourist inheritance local 
arrangement, that attributes tradition or originality, 
although sometimes, producted by the human too. 

The natural environment is the ecological 
nature, composed and balanced with the union of the 
physical, chemical and biological elements. 

The first and the last of that environment 
kinds are the most sensitive, under the urban 
tarsnport system operation. The natural environment 
because of the air and noise pollution produced by 
the vehicles, and the artificial environment, because 
of the urban land use, affected by the streets tracing, 
both altering the urban life quality. 

The cultural envinroment can be affected by 
urban transport system too, brought by the reflexive 
effects from the natural and artificial environment 
aggressions, but with less damage. 

4 - THE RULES FOR ENVIRONMENT AND 
URBAN TRANSPORT AT THE BRAZILIAN 
CONSTITUTION OF 1988 

4. I - The subject arrangement 

The brazilian constitution of 1988 holds the 
chapter devoted for the environmental at the Social 
Order Section, where are fixed the government 
obligations to promote the citizens welfare. 

Meanwhile, there is no rule in that chapter, 
guided to protect the environment inheritance, 
submited to the urban transport impact. 

That chapter only orientates generally, the 
governement actions for the environmental 
preservation, and among them, will be the legislation 
and management for the urban transport, as potential 
aggressive activity for the environment and land use. 

Meanwhile, to understand the standard 
structure for the environment, conected with the 
urban transport, is necessary to watch on the 
Constitution too, the Urban Political chapter, 
classified at the Economic Order Section, and still the 
public government tasks share, distributed for the 
three federal entities, the Union, the States and 
Municipalities. 

The rules in the Constitution, about the urban 
political, establish the orientation for the legislation 
development, about the land urban use, and compel 
the Municipalities, with more then 20.000 
inhabitants, to maintain a Director Plan. 

That Director Plan standardizes about the 
development and urban expansion, with direct effect 
over the street tracing and the urban transport system 
operation. 

4.2 - The government competences distribution 

The government tasks share can be 
understood about two aspects: the execution 
competence, such the administration work to protect 
the environment; and the legislation competence, 
such the regulation development. 

Following the Constitution, the execution 
government competence, taking care of the 
environmental protection, pollution control, and the 

Silva, J. A., Direito Ambiental ... , pg. 17 
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natural and cultural Preservation, is a common 
responsability for all the federal government entities. 

The common responsability means the 
enduring obligation for the gorvenments entities, to 
compel the law obedience within their territories, 
about the envinronmental protection, it means, the 
whole three entities law arrangement. 

Besides, the three entities ought to act within 
cooperative integration, sharing the tasks, to attend 
that fimction. 

The legislation competence is comissioned by 
the Constitution for Union and States, charged with 
the rule production, for the pollution control, forest 
political, natural preservation and punishment for 
environment, historical, artistical and landscape 
inheritance damage. 

The legislation competence means, enable the 
Union and States, to regulate the environment 
protection within their federation automomy, 
entrusting the Union about the general rules, over all 
the country, and charging the States with the 
regulation about their interests and characteristics. 

Although the legislation competence 
comissioned for the Union and the States, the 
Municipalities, in fact, are enable to rule about 
environment protection too, because the Constitution 
charges them to regulate the locals interests, above 
all, about the urban welfare6. 

Regarding the political and urbanization 
planning, the execution and legislation competences 
are shared among the three federal entities too. 

Meanwhile, the execution and legislation 
competences for urban development guides, are 
entrusted only for the Union, such the national 
poltical guides about transit and transport, including 
the urban transport. 

That competences are completed by the 
municipalities responsability for the local public 
services regulation, like the urban transport, the land 
organization, and the development urban planning. 

Besides the Federal Constitution of 1988, the 
States and Municipalities Constitutions, following the 
greatest law, charge their respectives entities with 
execution and legislation competence about the 
environment protection and urban transport 
organization. 

4.3 The constitutionals writs 

Besides the constitutionals determinations, 
about the action and legislation competences, for the 

federal entities on the enviroment protection and 
nature preservation, the Constitution of 1988 
establishs writs, to require, from that federal entities 
or others aggressors, the law obedience or 
punishment charging. 

That writs are special judicial initiatives, 
available to citizens and socials groups, to protect the 
public and collectives interests. They are the ‘popular 
lawsuit’ process and the ‘public civil lawsuit’ 
process7. 

The ‘popular lawsuit’ is a process included 
among the human civil rights, available for any 
citizen, to finish or punish any damage over the 
public, historical, cultural inheritance, or the 
environment. 

The ‘public civil lawsuit’ is a process also 
included at the human rights writs, to protect the 
public and cultural inheritance and the environment, 
available for the Prosecuting Attorney, or civil 
associations, preceded by preliminary civil inquiry. 

5 - THE ENVLRONMENTAL LAW BELOW THE 
CONSTITUTION AND IT EXTENSION OVER 
THE URBAN TRASNPORT 

The analysis about brazilians laws, below the 
Constitution, devoted for environmental protection, 
and with extension over urban transport, requires 
some necessary divisions over their subject. 

The first division separates the civil laws from 
the criminal laws, including the administration laws, 
among the first kind of them. 

Regarding the environmental civil laws, 
within the urban transport view, they may be shared, 
in accordance with their contents subject, as: general 
environmental rules, special environmental rules and 
urbanization rules. 

5. I The general environmental rules 

In the scope of the general environmental 
rules, the widest and most important legal document 
is the law n. 6.938/81, promulgated under Union 
competence, organizing the National Political for 
Environment, and taking the coordination over the 
rest of the regulations. 

This law criated the CONAMq National 
Council for Environment, the main advisory and 
deliberation technician board for environmental 
subject, only submited to politic council of the 

Cunha Jr, D. “A Compethcia ..., pg. 332. kite, J. L., ob. cit., pg. 192. 
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President, and acting integrated with the IBAMA, 
Brazilian Institut for Environment and Natural 
Resources, a executive government institution. 

The CONAMA, among it tasks, ought to fix 
the rules and standards for pollution control for 
motors vehicles, causing direct influence over the 
urban transport system operation and private 
automobiles movement at urban zone. 

The law defines juridical concepts for 
environment, pollution, polluant agent and 
environmental resources, including, among the last, 
the atmosphere and the land, both submited to 
transport operation aggression, above all, at the 
urban area. 

The law equates the transport activity with 
the industrial activity, when declares the same 
punishment aggravated, if some pollution action 
cause risk for the animal, vegetation or human life, 
provoked by one of that activities. 

The law still determines to IBAMA to 
maintain a National File for Potential Pollution 
Activities or Environmental Resources Explorers, for 
compulsory register of the people or companies 
working that activities. 

Among the obliged people to register, are the 
transport operators for dangerous products with 
pollution risk. 

One of the most important rules of the law, is 
the called ‘objective responsability’ charged over the 
aggressor, when causes environmental damage, 
compelling him to repair the injury or to compensate 
the damage, even without guilt. 

The repair or compesation will be decided 
after the analysis about the more effective action to 
restore the environment injuried, and with a cost 
valuation, considering the non-monetary aspects 
about the environmental health*. 

At the end, the law fixs a penalty 
administration system for her rules, or any other 
complementary regulations aggressors, to be charged 
in addition with others administratives or criminals 
punishments. 

5.2 - The urbanization legislation 

The importance of the urbanization laws for 
the environmental subject over the urban transport 
system is the street trace planning, and that ought to 
be guided by the urban land use orientation. 

The way crossing, about the techmcal aspect, 
must to determines standards for alingment, level, 

circulation, salubrious, safe and easy operationg. 
The plan have to consider the potential 

damage impact, brought by the urban transport 
system operation over the community life quality, 
mainly, by the air and noise pollution, as aggressive 
agents, over the artificial environment. 

The brazilian constitution intends to equate 
the urban life quality at the several diferents brazilian 
big cities, and charged the Union, to institute a urban 
development paln law, with general standards, 
including the urban transport guidelines. 

Meanwhile, in spite of that constutional 
order, the country still does not have, that general 
law for the urban development and the urban 
trasnport systems, to unifjr the federal entities action 
in that fimction. 

So, the others federal entities, States and 
Municipalities, follow planning and acting over the 
urban development, in accordance with their specific 
and varied interests, above all, through the 
municipalities legislation, compelled to maintain the 
Director Plan, for the cities with more then 20.000 
inhabitants. 

That director plans, in fact, are the most 
importants legal documents to plan the development 
and expansion of the cities, fixing guides for the land 
use and the street trace, and even, about the 
environmental protection at their respective urban 
zone. 

Sometimes, the lack of the Union legislation 
about the urban development, can be partially 
hlfilled by the urban land allotment federal law, the 
law n. 6.766/79, fixing standards about the urban 
land ‘sharing’ and ‘allotment’, bringing direct effect 
over the urban transport system. 

That law, in fact, only determines the least 
standards about the ‘sharing’ and ‘allotment’ at 
urban zone, for private building companies 
investments, and for municipalities control. 

By the law, the ‘sharing’ is the division of a 
private big urban land in several parts maintaining the 
street trace, and the ‘allotment’ the division of the 
same kind of land, meanwhile, altering or enlarging 
the street trace. 

So, only for the allotments new projects, that 
law may practise, in fact, some influence over the 
urban transport system. 

The law is completed by several 
complementary rules, about the urban land use, 
added by the states and municipalities legislations, 
because it is not a law for the public administration 
obedience. 

Chiquetto, S., A Review on Monetary ..., pg. 63 ’ Meirelles, H. L., Direito Municipal ..., pg. 389. 
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5.3 - The special environmental rules 

The most important special legislation for the 
urban transport system, is that about the air and noise 
pollution. 

About the air pollution, the most important 
document is the law n. 8.723/93, devoted to reduce 
the polluants emissions by motor vehicles. 

That law determines for the industrials plants 
new lower limits for ha&l gas emission over the 
atmosphere, as the carbon monoxide, hidrocarbonets 
or residuals parts, and fixing finish dates for the 
industry adaptation. 

Besides, the law requires a previous licence 
from IBAMA, to free trade that vehicles. 

The law also establishs rules for the public 
administration, requiring the quality control for the 
fuel, sold in the country, intending to reduce it 
polluant action, and the control over the air quality 
too, mainly, at the urban area in the big cities. 

So, the law exercise direct impact over the 
collective transport vehicles specifications, the most 
of them, in Brazil, moved by diesel oil, and over the 
urban transport system operation, because of the air 
quality control. 

Within that regulation competence, the 
CONAMA completes the law with the Resolutions n. 
18/86, 03/89 and 04/89, fixing standards about air 
pollution control produced by motors vehicles, and 
about aldeids and hidrocarbonets emissions, aided by 
the Instruction n. 100/80, from MINTER, fixing 
limits for smoke emissions by motors vehicles moved 
by diesel oil. 

About the noise pollution, in spite of the 
CONAMA’s Resolution n. 00 1/86, recognizing that 
environmental impact, it does not exist any federal 
law, uniting the noise production control. 

Only the technician standards, the NBR 
10.151 and NBR 10,152, regulates the noise 
valuation at inhabited areas. 

The Aerial Code, at the Union legislation, the 
Decret no 89.43 1/84, establishs zone standards too, 
for urban occupation around the airports and landing 
tracks. 

So, the federal control over the noise 
pollution is practised only with the Resolution n. 
00 1/90, considering the noise production as public 
nuisance, and determining the NBR 10.152 limits 
obedience for any activity. 

Out of the Union competence, the States and 
Municipalities, within their local competences, issue 
regulations about the noise nuisance, above all, for 
the community welfare at the urban zone. 

5.4 The Criminal legislation 

The criminal legislation in Brazil is a private 
competence for the Union, but, as much as so the 
federal judge, the state judge, is enabled to order it 
application. 

About the environment, the most important 
criminal law is the recent law n. 9.608/98, published 
at 13/02/98, unifymg the types and criminals 
penalties for environmental offences. 

Besides the punishment for the people, 
among the most importants rules, brought by the new 
law, is the possibility to impose sanctions for the 
enterprises offences, by action comanded by their 
board, with extension over their board members too, 
using the ‘disregard of the legal entity doctrine’. 

The sanctions enabled for the enterprises, 
besides the fines, may be: rights restrictions, as the 
operation stoping or contract forbided with public 
administration; or community services, as damage 
repair or environmental programmes support. 

The sancitions enabled over the entreprise’s 
directors are the same used for the common man, as 
the fines, beyond the right restrictions and the jail. 

Among the environmental offences listed by 
the law, the most importants for the urban transport 
are the environmental pollution offences, including 
the air pollution. 

So, the air pollution, causing damage to 
human health or forcing the human evacuation, is 
admited as felony, and punished with prison from 1 
to 5 years, besides the fine. 

There is also a criminal sanction for offences 
over the urban ordination or cultural inheritance, 
punishing the agent with prison from 1 to 3 years, by 
destruction or deterioration over that buildings 
protected by law, like the provoked by the smoke or 
harmfbl gas emissons from motor vehicles. 

Before that law, anothers rules devoted 
criminal punishments for environmenal offences such 
the forest code, but, about the air pollution, the most 
important sanction is the ‘misdemeanour law’, from 
1941, still in force, ordering fine, for smoke or gas 
emissions, when annoying people. 

6 - CONCLUSION 

Finishing, is important to report the recent 
advances last years, mainly with the Constitution of 
1988 and the new laws n. 8.723/93 and 9.608/98, 
but the brazilian environmental law stand deffective. 

The regulation about the general environment 
is produced by the CONAMA administration oficials 
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instructions, and even advancing with details about 
the environmental protection, are submited to judicial 
interdiction, because they are not law. 

About the urban transport, it is imperative the 
necessity of the federal law with general rules about 
urbanization and urban land use, guiding unuform 
standards for the cities development, including the 
urban transport system. 

The legislation available about the noise 
pollution is deficient too, and wanted for general 
uniform standards. 

At the end, we conclude observing the most 
notable advance occurred for the air pollution 
subject, with the issued legislation about standardized 
control, and mainly, fixing progressive limits to 
reduce the air pollution production. 
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A extensgo da legisla@io arnbiental Brasileira sobre o transporte urbano 

Mkrio Jorge F? de C. Lima 
Fundupo Escolu Politkcnica du Bahiu, Brazil 

ABSTRACT : I n  Brazil, during the last decades, like at the most ofthe western countries, 
has grown the care and the law regulation production about environment subject, intending 
to reduce the man action impact, over the nature and human life dome. 
I t  could not be different, in the country where is the greater part of the amazon forest, the 
greatest in the world, holding the greatest water flood net too, beyond others nature land 
s i t es with s i in i I ar i m port awe.  
Meanwhile, ' besides that worries about the nature, it has grown too, the regulations 
destinated to face the urban environment problems, like the urban transport aggression, 
caused mainly by the urban population concentration, always growing in  Brazil, the last 
decades. 
Just about the evolution of the environmental law structure, and the regillation in  force, also 
extended, over the urban transport planning and operation in Brazil, we conduct our 
exposition. 

RESUMO : No Brasil, como na maioria dos paises ocidentais, t i m  crescido nas iiltimas 
clecadas a atenc;iio e a legisla@o sobre a proteqso ao meio ambiente, no intuit0 de reduzir o 
impact negativo da a@o humana negativa sobre natureza e a qualidade de vida do honiem. 
lsso 1120 poderia ser diferente no pais onde esta situada a inaior parte da floresta arnazi,nica, 
a niaior do mundo, contendo ainda a inaior rede fluvial do planeta, alem de outros sitios 
naturais de importincia similar. 
Entretaiito, ao lado das preocupaqdes con? o ambiente natural, crescem tainbem as 
regulaqaes clestinadas a qualidade de vida urbma, entre elas a proteqiio contra as agressaes 
causadas pelo sistema de transporte urbano, sempre aumentando no Brasil, nas iiltimas 
d 6 cad as. 
Coiiduzireinos eiitiio nosso trabalho, justamente sobre a evoluC2o da estrutura legal sobre 
ineio ainbiente no Brasil e a regulamentaqAo em vigincia extensiva sobre o planejamento e 
opera@o do transporte urbano. 
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I - HISTORICO DA LEGISLACAO 
AMBIENTAL BRASILEIRA 

0 poiito de partida para a construgiio de 
Liin sistema legislativo dirigido e 
estruturado para OS probleiiias do rneio 
ainbiente no Brasil deve ser localizado na 
Constituiq3o Federal de 1988. 

A inclusiio oportuna da niatkria no texto 
daqiiela Lei Maior, emerge ern 
ac o in panha in en t o d e ~i in a no va d i ret riz 
cultural produzida em termos inundiais, 
so 13 re t i i  d o 11 o s p a is t: s d e s e n v o 1 v id o s , a 
partir do final da dicada de 70. 
Nacl~iele periodo, a elite cientiflica e 
intelectual despertoLi para o iinpacto 
imprevisivel, clue a aqgo humana sobre a 
n at Li reza , b us c a de sc o n t 1-0 1 ad a do 
c hani ad o eco 116 m i co 
para proniover o bein estar coletivo, 
poderia exercer sobre OS recursos natirrais 
e a qiialidade,de vida. 

n a 
d e se n vo 1 v i i n  e n t o 

No inundo juridico, o surgiinento e 
crescent e a i i  t o 110 in i a do c ham ado d i re i to 
a i n  b i e n t a 1 t a i n  ti6 in p ro vo ca i nu s it ad as 
inovaqaes filoscificas, quaiido assume sell 
cariiter de direito coletivo, porem 
d is po 11 ive I i i n ic i at i \ a i nd i v i d iial pri vada, 
ainda clue em iiome interesse coletivo, 
re t i rando a t racl ic i onal e x  I cisiv idade do 
Estado e do direito piiblico, na defesa 
j 11 rid i ca cios in te 1-esses soc i ai s‘ . 
Outra substancial inovaqiio, e a 
necessidade dos juristas e advogados em 
buscar perinanente apoio em 
conhecimentos e tkcnicos das cisncias 
naturais’, para produzir . o direito 
ambiental pritico ob-jetivo aplicado e 
aplicavel, em contrapartida a toda a 

historia do direito ocidental, onde seinpre 
foi suficiente apenas o apoio nas cisncias 
sociais, filosoficas e politicas. 

Antes da Constituigiio de 1988, nenhuma 
das Constituigdes brasileiras havia tratado 
diretamente do problema, existindo 
pore in , no p 1 aim i n fraco n s t it uc i o na I ,  
colno em diversos outros paises, variadas 
leis destinadas a regular aspectos 
co 1 et i vo s i n t e re s se corn 11 n it a r  i 0, coin o o 
saneamento, a protegiio florestal e 
animal“. 

Essas leis constituiram-se no embriiio do 
qual se deseiivolveii a legislag20 
ambient a 1 v i g e n t e, 
embora niio por forga de siia progressiva 
utilizagiio pratica, inas sobretudo pela 
extensiio que a nova diretriz atnbiental 
coletiva acrescentou a suas inaterias. 

in a i s at iia 1 i zad a 

Naquele periodo anterior ii Constituigiio 
de 1988, a legislaqiio infraconstitucional, 
embora de forma n3o concatenada, j a  
prodirzia normatizaqdes de alcance sobre 
o transporte i~rbano, a exeniplo do 
Decreto-lei no 303/67, que criou o 
Conselho Nacional de Poluig50 
Ambiental, contendo conceitos basicos 
juridicos sobre poluiq,?o, inas que, no 
entanto, era de controle e aplica@o de 
responsabilidade dos Estados e 
kl U n i c i p i o s’ , re t ra t a n d o a e 11 tend i in e n t o 
restrito e acanhado entiio aplicado a tais 
in at e r  i as. 

A iinportiincia da introduqiio de normas 
referentes ao ineio ainbiente na 
Constituiqiio Federal de 1988, que Ifie 
dedica capitulo especifico, esta na 

’ Mai-ia Auxiliaciora ~ t inah im,  ‘*Dii-eito penal 
Ainbiental - iim coiitlito entre a tiitela aos 
interesses coletivos e o individualismo”, pg. 252 
’ 1’aiilo Atlfonso Leiiie Machado, Direito 
Ambiental Bi.asileiro, pg. 158. 

Joaquiiia Lacerda Leite, “Dimensiio Juridica da 
Problematica .Ambiental Brasileii-a”, pg. 173 e 
segs. 

Constltucional, 13s. 17. 
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situaqgo hieritrquica maxima que a Carta 
h4agna assume no sistema normativo 
como lei fundainental da naqiio, 
orientando em defjiiitivo OS deveres de 
atuaqgo governamental e produqiio 
legislativa necesshrios ao atendimento das 
ex pec t at i v as d o s c i d ad iio s. 

Desse inocio, a partir da determina@o 
constitucioiial de normas sobre o meio 
ainbiente e da atribui$io de competiticias 
aos entes federativos para sua a@o nesse 
campo, pode ser exigicio dos governantes 
a iniciativa na constru@io de 
regulanientaqdes e programas de tarefas 
sobre a proteqiio e preservaGiio do meio 
a i i i  b i e n t e . 

11 - A SUBDIVISAO CONCEITUAL 
S O B R E  0 M E 1 0  AMBIENTE 

Em termos conceituais, o trato da matiria 
nieio ainbiente, importa na subdivisiio de 
s ~ i a  abranghcia segundo tris aspectos: o 
ineio ambienfe artificial, o meio ambiente 
cultural e o meio ambiente natural6. 

0 meio ambiente artificial se compde do 
co1i.j unto de edi ficaqks e equipamentos 
p i i  b I i cos co list i t ~i t ivo s do espaCo urbano . 
0 ineio ainbiente cultural, entendido 
como o conjunto patrimonial historico, 
artistico, paisagistico e turistico, que 
apesar de tambkm artificial, conta com 
valor adicional impregnado pela tradiqiio 
011 peculiaridade local. 
0 nieio anibiente natural 6 a reuniiio 
eqLiiiibrada e integrada de elementos 
fisicos, quimicos e biologicos, em estado 
nat U ra I n20 t ran s form ado pe 1 o home in. 

Nessa subdivisgo, OS rainos que mais 
iinportam para exame, quanto ao impact0 

Jose Afonso da Silva, ob.cit., pg.3. 
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produzido pela opera@o de L I ~  sistema 
coletivo cie transporte urbano, siio o meio 
am b i en te nat U ra I ,  se ns ive I as po 1 U i @es 
atinosfiricas e sonora causada pelos 
veiculos, e o nieio am biente artificial, 
onde o ordenamento do solo urbano e o 
traqado das vias, produzem efeito direto 
sobre a qualidade de victa da populaqiio. 

0 meio ambiente cultural tainbem pode 
ser alcanqado, einbora em ineiior escala, 
pelo funcionaniento de uin sistema de 
transporte urbano, em cfecorrcncia das 
aqdes negativas reflexas da agressgo aos 
ambientes natural e artificial. 

I11 - A RECULACAO DO M E 1 0  
AMBIENTE E DO TRANSPORTE 
U R B A N 0  N A  C0NSTI- rUlCAO D E  
1988 

111.1 - A distribuiqiio da materia 

A Constituiqiio brasileira atual situa o 
capitulo destinado a diretrizes sobre o 
meio ambiente no titulo da Ordeni Social, 
onde a Lei Maior estabelece OS programas 
norteadores e obrigatorios aos poderes 
estatais, para a finalidade de produzir o 
bem estar social dos cidndiios. 

No entanto, nenhuma norina pode ser 
encontrada neste capitulo, que possa ser 
entendida como diretaniente dirigida ao 
transporte em geral, ou transporte urbano. 
As disposiGdes do capitulo orientam 
apenas, de forma genirica, as aqdes do 
Poder Public0 em proteqgo ao meio 
ambiente, nas quais devem estar incluidas 
as a@es e legislaqdes destinadas ao 
segment0 de transporte urbano, como 
atividade ocupante de espaqo territorial e 
potencialmente capaz de produzir 
degradaqgo am biental. 



No entanto, para compreender toda a 
estrutura normativa da ConstituiCiio, corn 
disposiCdes referentes ao meio ambiente e 
relacionadas ao transporte Lirbano, e 
necessario examinar tambem Lim outro 
capitulo constitiicional, o da Politica 
Urbana, sitiiado nas disposiq6es sobre a 
Ordem Econ6mica, e sobretudo, o sistema 
de repartiqiio de competincias de 
atri biiiqdes governamentais entre as tris 
esferas federativas qiie compdem o 
Estado brasileiro. 

A disposiqks sobre a politica cirbana da 
Constitiii@o, estabelecem a orientaqiio 
para a produ~iio legislativa sobre a 
ocupaqgo do espaqo territorial Lirbano, 
deterininando a obrigatoriedade de 
elaboraqiio, em lei municipal, de iim 
plano diretor, para OS Municipios corn 
mais de 30.000 Iiabitantes. 
Neste plano diretor devera estar incluido 
o planejamento de desenvolvimento e 
expansgo urbana, con? ef'eitos diretos 
sobre t rapdo e operaqiio do sistema de 
transporte em geral e o coletivo. 

111.2 - A distribuiG2o de competincias 

O sistema de repartiqgo de compethcias 
pode ser subdividido em compethcia 
executiva, quanto ao exercicio das 
funqdes administrativas para a proteqiio 
do meio ambiente, e a competiricia 
legislativa, quanto a prodiiqiio de normas 
coin a mesma finalidade. 

A coin petknci a execu t i va administrativa, 
segundo a Constitui@o, para a protegiio 
do meio ambiente, coinbate a poluiqiio e a 
preservaqiio natural e do patrimhi0 
cultural, 6 de responsabilidade comum de 
todos OS entes federativos, Unigo, Estados 
e Municipios. 

E s sa coin pet enc i a coin iim sign i f i  ca, q Lie 

as tris esferas authomas de govern0 
devem exercer, de iniciativa propria, suas 
atribuiq6es nessa area, respectivas a seus 
interesses e territorios, no intuit0 de fazer 
cumprir as leis destinadas a protegiio 
am biental. 

Alem disso, devem biiscar atuar de forma 
integrada corn OS demais entes 
federativos, em regime de cooperaqiio 
equilibrada para coin a divisiio de tarefas 
nest a at i v i d ad e . 

A competkncia legislativa qiianto ao meio 
arnbiente e atribuida de forma 
concorrente para a Unigo e Estados, e 
tambem no qiie diz respeito ao controle 
da poluiqiio, politica florestal e de 
conservaqiio da natureza e dos recursos 
naturai s. 
A responsabilidade por danos ao meio 
ambiente, e ao patrim6nio historico, 
artistic0 ou paisagistico, tambem esta 
disponivel para a normatiza@o 
concorrente pela Uniiio e Estados. 

A competincia legislativa concorrente 
significa que ambos OS entes 
governamentais, Unigo e Estados, podem 
produzir leis, dentro de suas autonomias 
federativas, destinadas a regulaqiio da 
proteqiio ao meio ambiente, corn a 
diferenCa de que a Uniiio cabera a 
legisiaqao de normas gerias aplicaveis a 
todo o pais, e aos Estados cabera a 
produ@o normativa destinada a seus 
interesses e peculiaridades, respeitadas as 
normas gerais determinadas pela Uniiio. 

Apesar do poder normativo sobre direito 
ambiental estar reservado a Uniiio e aos 
Estados, OS Municipios tambem se 
tornam autorizados a elabora@o de leis 
sobre prote@o ambiental, sobretudo corn 
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respeito ao ambiente urbano, em funq2o 
da sua competincia executiva nesta area e 
ao poder que llie e delegado pela Carta 
Magna de legislar sobre OS assuntos de 
i 11 t e re s s e I o c a 1 7 .  

N o  aspect0 da politica e plaiiejamento 
urban ist i co, as coin pe t2 nci as exec ut i va e 
legislativa tambem se distribuem, da 
inesma forma, aos tr6s entes 
governamentai s, 
Merece destaque porein, a coinpetsncia 
executiva privativa da Uni2o para 
institui@o de diretrizes para o 
d ese iivo 1 v i men t o LI r bano, i iic 1 u i lido o s 
transportes urbanos, e a competencia 
legislativa, tainbkm reservada a Uni20, 
para regulaqso normativa de transit0 e 
transporte, e p x a  estabelecer as diretrizes 
da politica nacional de transportes. 
Es sas co in pet$ iic i as s20 coin p 1 eine n t ad as 
pelas responsabilidades municipais para 
coin a regula@o dos serviqos piiblicos 
locais, oiide se iiiclui o transporte urbano, 
o ordenamento territorial e o 
d e se iiv o 1 v i in e 11 to u r ban0 p I anej ad 0.  

A l i m  da Constituiqiio Federal, tambem as 
C o list i tu i Gdes es tad ua i s in ui i  i c i pai s, 
cliamadas estas de Lei Orgiinica, em 
consonincia com a Carta Magna federal, 
atri buein responsabi 1 idades e fuiiq6es a 
sew respectivos entes federativos 
a~it6noinos, para a@o e legislaq2o coni a 
finalidade de proteq2o ao meio ambiente 
e organizaqiio do transporte urbaiio. 

e 

11 1.3 - As garantias constitucionais 

Alem das disposiq6es constitucionais 
prograiniticas para a atuaqgo dos entes 
federativos sobre a proteq2o e 
preservaqiio do meio ambiente, existern 

Dirley da Cunha Jr, “A Competencia dos 
Municipios em Materia Ambiental”, pg. 332. 

tarn bem as garantias fornecidas pela 
mesma Magiia Carta, para exighcia 
daquelas entidades 011 de outros 
infratores, de conduta de obeditncia as 
leis ambieiitais ou de sanq2o ao 
d esc U m p r i in e n t o d aq Lie 1 a 1 eg i s 1 ag 20. 

Essas garantias s50 de natureza 
processual e se constituem em a@es 
especiais disponiveis aos individuos OLI 
grupos sociais, que se destinam a 
proteqiio de interesses publicos coletivos. 
S2o elas a aqiio popular e a aq2o civil 
piibl ica8. 

A aq2o popular e uina a@o prevista entre 
o s d i re i to s fund amen t a i s c o 11 s t it uc i o nai s , 
e que pode ser iniciada por qualquer 
cidadgo, quaildo verifique a ocorrhcia de 
les2o ao patrim6nio piiblico, historico, 
cultural 011 ao meio ambiente. 

A aq2o civil piiblica consiste tambem 
numa garantia fundamental para tutela do 
patrim6nio publico, cultural e do meio 
ambiente, entre outros, a ser iniciada por 
associaqdes civis OLI pelo Ministerio 
Public0 na defesa daqiieles interesses e 
apos um inquerito civil conduzido pelo 
M inister io P u b 1 ico . 

I V  - A LEGISLACAO AMBIENTAL 
INFRACONSTITUCIONAL E SUA 
EXTENSAO SOBRE 0 TRANSPORTE 

0 exaine integrados das leis brasileiras, 
situadas abaixo da Constituiqgo, que 
estabelecem normatizaG8o sobre a 
proteqZio ambiental, coin reflexos sobre o 
transporte urbano, exige uma subdivis2o 
sistematica segundo suas inatkrias. 

Assim, a primeira sec@o necessaria 
consiste na separaqgo das leis de natureza 

’ Joaquina Lacerda Leite, ob. cit., pg. 192. 
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civil ou penal, incluindo entre as 
primeiras as de cuiiho adininistrativo. 

Entre as leis de carater civil, importa 
ainda nova ramiflca@o, segundo a 
materia tratada na lei, que pode estar 
destinada ao aspect0 aim biental geral, 
iirbanistico OCI ainbiental especifico, no 
qiie afeta ao transporte urbano. 

IV. 1 - .4 Icgislac;20 ainbiental geral 

No iiiibito da legislaqiio ambiental geral, 
o cfocumento legal inais ainplo e 
importante 6 a lei 6.938/81, com suas 
aIteraqGes, proinLilgada nil esfera federal, 
qiie clispde sobre a Politica Nacional do 
Meio Ambiente, e asslime a fiin@o de 
norma geral coordeiiadora das deinais 
re g i i  1 a i n  e n t ac; 6 e s . 

Essa lei estabelece a criaqiio do 
CONAMA, Coiisellio Nacional do Meio 
Ambiente, colno principal orgiio tecnico 
deliberativo e coiisultivo para quest6es 
relativas ao ineio ambiente, subordinado 
apenas a uin conselho politico de govern0 
vinculado ao Presideiite da Republica, e 
coin atuaq2o simultiinea coin0 o IBAMA, 
Instituto Brasileiro do Meio Ambiente e 
Recursos Natiirais, org2o principal de 
a@o execiitiva e administrativa. 

Entre as cainpetincias especificas do 
CONAMA esta a fixaggo, coin a 
participaq2o dos org2os tecnicos 
coinpetentes, de norinas e padr6es 
relativos ao controle da polui@o por 
veiculos autoinotores, coin interferincia 
direta sobre a administraGiio dos sisteinas 
de transporte coletivo e circulaqiio de 
veiculos particulares em zona urbana. 

A lei em exaine define OS conceitos 
jiiridicos para rneio ambiente, poluiq20, 
poluidor e reciirsos ambientais, incluindo 

entre estes a atinosfera e o solo, 
particular exposi@o a exploraq2o 
atividacie de transporte, sobretudo 
am biente urbano. 

de 
da 

e in 

A lei eqiiipara a atividade de transpor e a 
at i v i d ad e i 11 cf L I  s t r i a 1,  q uan d o co 11 s i d era 
agravante, para feito de puni@o de a920 
poluente coin risco para a incolumidade 
Iiiiinana, animal OLI vegetal, a 
circunstiiicia da inestna ter sido causada 
po r ci ilia daq lie I as at i v idades. 

A lei em exaine obriga ainda a 
maiiuten@o pelo IBAMA, de um 
Cadastro Tecnico Federal de Atividades 
PO te nc i a 1 me nt e 
Utilizadoras de Reciirsos Ambientais, de 
registro coinpulsorio para as pessoas 
fisicas OLI juridicas que exerpm tais 
at iv idades. 
Neste cadastro tain bein devein ser 
inscritos OS operadores de atividade de 
transporte, coin produtos perigosos em 
pot enc ia I .  

PO 1 11 i do ras 0 LI 

Entre as mais relevantes determinagdes 
dessa lei, esta tixaqgo da chamada 
responsabilidade objetiva do agente 
infrator que caiisou lesiio ambiental, 
obrigando-o a indenizaqiio e/ou reparaq2o 
do dano causado, independentemente da 
existincia de culpa. 

As rnedidas de reparaqgo oci indenizagiio 
deveriio ser decididas apos uina analise 
tecnica, a respeito da providencia 
n ec e s s a r  i a mais eficaz para 
restabelecimento do rneio ainbiente 
agredido, e iitilizando tkcnicas estimativas 
de custos coin consideraqdes sobre as 
variaveis e bens am bientais destruidos ou 
sob risco, muitos deles coin expresso 
co 11 te iid o n2o in o net a r i oL) . 

' Sergio Chiquetto, A Review on Monetary Valuation 
of the Environmental of Traffic, pg. 62 e segs. 
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Em seu final, a lei estabelece urn sistema 
de puniq6es administrativas aos infratores 
de suas disposi@es, ou de quaisquer 
o U t ras a in b i e n t a i s 
complementares, qiie deve ser aplicado 
em paralelo as penalidades criminais e 
outras, fjxadas em legislaqiio coexistente 
nas diversas esferas de governo. 

re g u 1 amen t a q 6 e s 

lV.2 - A legislaG3o urbanistica 

A i i n  po r t Gnc i a d a I eg i s 1 aq iio urban is t i ca 
para o aspecto anibiental de iiin sistema 
ui*bano cie transporte, esta no 
p 1 ane-j a men t o d o s i s tenia v iar i 0, q ue 
cl eve I- a o bed e c e c r i t e r i o s q i i  e p i-o in o v a in 

a qualidade de vida e o conforto da 
popula@o citaciina, e cijas diretrizes, 
fi, r in LI I ad as pe 1 a 
ad in i ni stra@o p ii b I ica, es tariio dispostas 
em leis sobre o ordenamento do solo. 

nece s sari am e n t e 

0 traqado vihrio em termos tecnicos deve 
segiiir ciiretrizes legais qiianto ao 
arr iiainento, a 1 i n liame n to, n i ve I amen to, 
circula@o, salubridade, seguranp e 
fi I nc i o n a 1 i d a ci e ' . 

Nesta planifica@o viiria urbana, ciin dos 
pi-incipais efeitos a ser considerado sera a 
contribLiic;8o qiie uiii sistenia de transporte 
pode exercer negativamente sobre OS 

padr6es quditativos de vida para a 
comiinidade, sobretiido em terinos de 
poliiiq2io Lirbana e sonora, constituindo-se 
em elemento ciaquilo qiie 6 chamado de 
nieio ambiente artificial. 

A Constitiiiqiio brasileira, atenta a 
necessidade de eqiializar a qualidade de 
vida dos habitantes das diversas e 
diferenciadas cidades brasileiras, elevou 
i s  atribuiqdes da UniBo, a compet6ncia 

1-1 e I y Lo lies h4 e i re I I es , D i I-e i to kli1 n i ci pal I 0 

Brasileil-o, jig. 389. 

para instituiq8o de diretrizes para o 
desenvolvimento urbaiio em geral, e para 
transportes urbanos eni particular. 

N3o obstante t8o claro mandamento 
constitucional, o pais carece ate o 
momento de Lima lei de norinas gerais 
sobre o desenvolvimento das cidades e de 
seiis sistemas de transportes, que 
Liniformize a atiiaqiio dos entes 
go v e rnaiii e n t a i s nest e cam po . 

A atiiac;iio das diversas esferas federativas 
no planejamento, permanece entiio sob 
re g u I am e 11 t aqiio d as 
d i ve r sas 1 eg is 1 aq6 e s e s t ad i i  a i s nec e s s a r i as 
a seus interesses especificos, e so bretiido 
a legisla@o municipal, atravks dos pianos 
diretores, obrigatorios para cidades corn 
inais de 20.000 habitantes, elaborados 
apenas sob orientaGiio das as 
peculiaridades e interesses locais. 

d e sc o n c a t e n ad a 

OS planos diretores, por siia vez, em sua 
funqiio de planejar a expansiio e 
d ese nvo 1 v i men t o d i n i  i n  i co d a c i dad e, 
fixam as diretrizes para o ordenamento e 
ocupaqiio do solo, onde estariio dispostas 
tambem determinaq6es sobre o sisteina 
viario, atentas obrigatoriainente a 
proteqiio ambiental e & saliibridade. 

No entanto, o vazio da legislaqiio federal 
esta parcialmente preenchido pela lei 
federal de parcelamento do solo urbano, 
lei 6.766/79, que disp6e regras gerais 
sobre o desmembramento e loteainento do 
solo urbano, e assini prodiiz efeitos, ainda 
que preliminares, sobre o sistema de 
t rans porte. 

Esta lei, eni verdade, apenas se destina a 
estabelecer regras minimas a serem 
c u in p r i d as p o r e in p re e n d e d o re s p r i v ad o s , 
interessados na divisiio e coinercializaqiio 
de partes de glebas urbanas, e que devem 
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ser fiscalizadas pelas municipalidades, 
sobretudo quanto aos requisitos minimos 
quanto a areas e equipamentos publicos 
o br igator ios. 

Pela lei, o desmembramento se constitiii 
no parcelamento do solo urbano corn 
aproveitamento do sistema viario 
existente, e o loteamento e o 
parcelamento coin a abertura de novas 
vias e/ou alteraqiio das existentes. 

Dessa forma, apenas quando existe 
proposta de loteamento, 6 qiie essa lei 
pode exercer intluitncia sobre a 
planificaqiio do sistenia de transportes 
urbaiios, motivando o estudo do impacto 
ambiental do pro-jeto. 

Niio se tratando de lei destinada a 
orientaqso da aq5o executiva da 
administraqiio piiblica, a aplicaqiio de 
suas determ i tiaqijes, na pratica, costuma 
se I- pe 1 as 
exi g h c  ias e determinaG6es 
complenientares, estabelecidas nas leis 
estadiiais e inunicipais de LISO de solo. 

I a rgam e i i  t e coin p 1 e in e 11 t ada 

IV.3 - A legislaqiio ambiental especifica 

A legislaqiio ambiental especifica com 
substanciai intlui?ncia sobre o transporte 
Ltrbatio, e aquela clue se refere poluiqiio 
at in o s fe r i ca e so no ra . 

Qiianto h polui$k) atmosferica, o 
documento legal mais importante e a lei 
8.723/93, destinada a fixaqiio de reduqdes 
na emissiio de poluentes para OS veiculos 
a U t o in o t o res . 

t 

A lei se dirige sobretudo para OS 

empreendedores privados, ao estabelecer 
iiovos limites para o lanqamento de gases 
nocivos como nion6xido de carbono, 
h id rocarboiietos o LI part icu las, so bre a 

atmosfera, fixando prazo para adaptaqgo e 
obediencia dos fabricantes de veiculos, e 
exigindo destes, licencianiento especifico 
pelo IBAMA, para a comercializaqiio dos 
v e i c U 1 o s. 

Estabelece obrigaqaes tambem para a 
adininistraqiio piiblica, quaiido exige o 
coiitrole de qualidade dos combustiveis 
comercializados no pais, coin a finalidade 
de garantir a reduqiio da aqiio poluente, e 
d ete rm i na o i n  o i i  i to ram e n t o d a q ual id ad e 
do ar atmosferico, sobretudo em areas 
urbanas das grandes cidades. 

Essa lei exerce impacto direto sobre as 
especificaqdes tecnicas dos veiculos de 
transporte coletivo, no Brasil sempre 
movidos a oleo diesel, e sobre a 
inflikncia da operaqiio do sistema de 
transporte, na qualidade do ar dos grandes 
cent ros iirbanos. 

IV.4 - A legislaqiio penal 

A elaboraqiio da legislaqiio penal no 
Brasil e de competitncia restrita da Uniiio, 
mas sua aplicaGiio deve ser praticada 
tanto pela justiqa federal como pela 
justiqa dos estados. 

No qiie diz respeito ao meio ambiente, a 
lei penal ambiental inais importante e a 
recente lei 11' 9.605/98, piiblicada em 
13/02/98, que veio unificar as tipificaqdes 
e puniq6es aplicaveis no caso de crime 
ambiental. 

Alem das puniqijes aplicaveis as pessoas 
fisicas, entre as importantes disposiqdes 
trazidas pela nova lei, esta a possibilidade 
de imputaqiio de crimes a pessoas 
juridicas, por atos praticados por decisgo 
de sua diretoria, coin conseqiiitncias 
extensivas as pessoas destes, por aquelas 
i i i  fr aq 6 e s. 
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As penas aplicaveis as pessoas jiiridicas 
podem ser: restriqiio de direitos, como a 
paralisaq20 das atividades e proibiqiio de 
contrataqiio coin o poder publico; a 
prestaqiio de serviqos a comunidade, 
como a recuperaqiio dos danos e o custeio 
de programas ainbientais, alem das 
ni  i i  1 tas . 

As penas aplicaveis aos administradores 
siio as mesinas destinadas as pessoas 
fisicas em geral, que podem ser de 
inultas, interdiqiio de direitos e privaqiio 
cle liberdade. 

Eiitre os crimes contra o meio ambiente 
enunciados pela lei, OS que mais 
interessani quanto aos efeitos da atividade 
de operaq20 de transporte urbano siio 
aqueles clue se referem a poluiqiio 
ambiental, clue abrange a poluiqiio 
at mo s fe r i ca. 

Assim, a pritica de poluigiio atinosferica 
q ~ i e  came dano & saiide iiumana, OLI que 
obrigue a desocupa9iio liumana de 
deterininada ire,, e considerada iim 
crime, siijeito a pena de recl~is2io de I a 5 
anos, alein de niulta. 

Ha tambem previsiio de puniqiio penal 
para crimes contra o ordenamento urbano 
e ao patrinidnio cultural, que destina a 
pena de reclusiio por 1 a 3 anos, aos 
responsaveis, por destruiqiio ou 
deterioraqiio de beni protegido por lei, 
coin0 pode acontecer con1 predios e 
nio nuinentos prej lid icados pela emissiio 
de funiaga e outros ageiites nocivos 
1 an gad OS pe I OS ve ic i i  1 OS auto mo tores. 

Antes dessa lei, outras leis previam 
puniq6es penais para crime ainbientais 
colno o codigo florestal, mas no que afeta 
a poluiqiio atmosferica, o registro mais 
iinportante e o da lei de contravenq6es 

penais, cie 194 I ,  mais ainda vigente, que 
no sell art. 38, comina a pena de multa, 
aos qiie provoquem de forma abusiva a 
emissiio de fiiinaqa 011 gas qiie possa 
ofender OLI molestar alguem. 

v - CONCLUSAO 

Concliiindo, constatamos que, apesar dos 
avanqos obtidos nos iiltimos aiios, 
sobretudo coin o advento das leis no 
8.723/93 e 9.608198, ainda e deficiente a 
legislaqiio brasileira para com o meio 
ambiente. 

A regulaqiio do ineio ambiente em gerai 
vein sendo produzida por meio de 
regulamentaq6es adm i nistrat ivas do 
CONAMA, que embora avancem em 
detalhes sobre a proteqiio ambiental, 
trazein o defeito de niio possuir forqa de 
lei, e portanto, sempre passiveis de 
co i i  test aqiio j ud i c i a I .  

No que diz respeito ao transporte urbano, 
mostra-se urgente a necessidade da 
elaboraqiio da lei federal de normas gerais 
sobre iirbanizaqiio e LISO do solo, que 
tracem normas uniformes para o 
desenvolvimento das c idades brasi leiras, 
incluindo seii sistema de transporte. 

A legislaqiio disponivel para controle da 
poluiqiio sonora tarn bein encontra-se 
deficitaria, e necessitada de regras gerais 
~i 11 i for me s. 

Por iiltimo, constatamos que OS avanqos 
mais significativos se inaterializaram no 
campo da poluiqiio atmosferica, corn a 
produqiio de legislaqiio especifica de 
controle padronizado, e pricipalmente 
corn a promoqiio de metas para reduqgo 
da produqiio da poluiqiio sobre o ar. 
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Strategic logistics management principles in urban transit 
Principes de gestion strategique et logistique en moyens de transit urbain 
Principios de gestion estratkgica y logistica para transit0 urbano 

W. R. Duff-Riddell 
Institute for Transport Technology, Department of Civil Engineering, University of Stellenbosch, South Africa 

ABSTRACT: Fragmented planning and operation of transit services are not conducive to the promotion of the 
use of transit that is sought by so many authorities. The concepts of transit as a product, and strategic logistics 
management as a planning and operational approach are presented. How these concepts can be used to im- 
prove the planning and image of transit is discussed. A decision support system for implementing strategic 
logistics management approach is described. 

&SUME: La planification et l’operation fragmentees des services de transit urbain ne sont pas favorables a 
la promotion de l’utilisation des moyens de transit qui est recherchee par tant d’autorites. Les concepts des 
moyens de transit comme un produit et la gestion strategique et logistique comme methode de planification et 
d’ operatrion sont presentes. Egalement abordee, est la question de l’utilisation de ces concepts pour ameil- 
lorer l’image des services de transit. Un systeme pour aider les decisions a propos des principes de gestion 10- 
gistique et strategique present& est descrit. 

RESUMEN: La planificacion y la operacion fragmentada de 10s servicios de trhsito urbano no son favor- 
ables a la utilisacion de 10s medios de trhsito tal como es aspirada por muchas autoridades. Los conceptos de 
10s medios de trimsito como product0 y la gestion estrategica y logistica como metodo de planificacion y de 
operacion son presentados. Igualmente descutida, es la cuestion de la utilisacion de estos conceptos para 
mejorar la imagen de 10s servicios de trhsito. Un sistema para ayudar en decisiones acerca de 10s principios 
de gestion estrategica y logistica presentados es descrita. 

1 INTRODUCTION 

Transit planners and operators sometimes seem to be 
the worst enemies of transit. Planning is inclined to 
be a highly departmentalized and fragmented proc- 
ess whilst there is often destructive competition be- 
tween operators. The promotion of transit requires a 
more cohesive strategy in which all planners and op- 
erators see themselves as working together towards 
the common goal of providing transit services. The 
fact that local and regional authorities are normally 
responsible for the provision and control of transit 
services, albeit through third party providers, means 
that implementing some form of holistic planning 
strategy is both desirable and practical. 

One possible approach to holistic planning is known 
as “strategic logistics management.” This manage- 
ment philosophy, extensively employed in industry, 
is based on the concept of synergy. That is, the be- 
lief that if a business is to flourish all participants in 
the business must attempt to enhance their own po- 
sition only if it benefits the whole business. The ap- 

proach does not seek to eliminate the individuals 
right to a profit, independent innovation or en- 
trepeneurship but to ensure that the actions of one 
role player do not result in a decrease in the overall 
success of the industry. 

Implementing this management approach has many 
facets and levels. In the transit environment, these 
range from community issues through to vehicle 
maintenance and replacement schemes. At the 
broadest level however, is the need to provide a 
marketable transport product. One which simultane- 
ously meets the needs of both users and providers of 
transit, as closely as possible, whilst taking into ac- 
count more general community issues such as safety, 
congestion and pollution. 

2 THE TRANSIT PRODUCT 

One of the unfortunate perceptions of transit is that it 
is a second rate form of transport. If the politicians 
are as serious about sustainable transport as claimed 
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in their white papers, then transit should be seen as 
the flagship of a region’s effort to provide safe, sus- 
tainable and efficient mobility and accessibility for 
its community. This in turn will help to promote 
tourism, industry and general commerce and com- 
munity wellbeing. 

Under these circumstances, transit becomes the p i -  
mary concern in transport planning instead of an af- 
terthought. It then reflects the goals and values of 
the community it serves. With this in mind, branding 
becomes an important issue. Who has not heard of 
“London Transport?” On the other hand, who has 
heard of “Tellings Golden Miller,” one of the op- 
erators within the London Transport operation? 

Concurrent with the development of this sense of 
identity for the transit industry, a clear identification 
of the products they wish to sell and the products 
against which they compete needs to be made. Once 
the competition is clearly identified, it is easy to rec- 
ognize that the transit product should provide a safe, 
cost effective and pleasing alternative to the private 
motor car. In market-speak, transit must develop and 
promote its “unique advantages,” and it has many, if 
we would only look. 

What constitutes a unique advantage is of course 
extremely subjective. In some areas, pollution and 
land use issues may be of great importance. In oth- 
ers, cheap transport with good coverage may be the 
primary criteria. Usually, several, and often con- 
flicting, measures will apply concurrently. It is a 
means of achieving the best compromise between 
these measures, in the transit plan, that is the focus 
of the decision support system to be discussed later. 

Having developed a transit product range, the in- 
dustry needs to make real efforts to market its pro- 
duce. This is not a casual matter, but requires careful 
planning and implementation and the expenditure of 
significant resources. Poor marketing can result in 
the failure of even the best product and unfortu- 
nately is often a seriously neglected aspect of transit. 
Marketing should be undertaken by a team of quali- 
fied specialists, which should include transport plan- 
ners, marketing specialists and transport psycholo- 
gists. 

Of course, just as poor marketing can result in fail- 
ure of a good product, even the best marketing will 
not sell a poor product. We must thus ensure a good 
product, which requires careful research of our mar- 
ket, planning of our product and setup of our pro- 
duction system. This brings us to the concepts of 
strategic logistics management. 

3 THE STRATEGIC LOGISTICS 
MANAGEMENT MODEL 

The strategic logistics management approach is pri- 
marily a method of managing the movement of 
goods through a production process from raw mate- 
rials to customers’ hands. This movement of goods 
involves many role players, each with their own per- 
ceptions and goals. Given this diversity, the main 
tenets of this approach are: 

The business must achieve a prescribed level of 
customer service in order to remain competitive 
or increase its market share. 
In adapting to achieve this desired level of serv- 
ice, all components of a business must be seen in 
their context with all other components of the 
business. 
Any change made must produce a net benefit to 
the whole business, although it may produce a 
localized dis-benefit in some specific aspect of 
the business. 

Formally, strategic logistics management is given 
the following definition by the Council of Logistics 
Management. (Lambert & Stock. 1993) 

The process of planning, implementing and con- 
trolling the efficient, cost-effective flow and stor- 
age of raw materials, in-process inventory, fin- 
ished goods, and related information from point- 
of-origin to point-of-consumption for the purpose 
of conforming to customer requirements. 

A version, applicable to the transit environment, 
could read as follows: 

The process of planning, implementing and con- 
trolling the efficient, cost-effective flow of route- 
seats and related information from point of origin 
to point of destination for the purpose of con- 
forming to traveller and community requirements. 

In order to apply this, we need some form of model 
structure. The following is adapted from the model 
presented by Lambert and Stock (1993.) 

3.1 Given the Marketing objective 
Achieve a target share of the (commuter) travel 

market. 
Allocate resources to the marketing mix to maximize 
the long-run sustainability of the transport system. 

In essence, this means providing the right product at 
the right place, time and price. 
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3.2 Achieve the Logistics objective: 
Minimize total costs given the Customer Service 

Objective where: 

Total costs = Fleet operating costs + Fleet size & 
composition costs + Vehicle selection & routing 
costs + Access node & interchange costs + Order 
processing & information costs 

3.2.1 Customer service objective 
The customer service objective prescribes how 
closely we are going to attempt to satisfy customer 
demands. For example, what level of timetable ac- 
curacy are we going to aim for? The more rigorous 
the customer service objectives, the more expensive 
the product, and price is itself, one of our objectives, 
and so a trade off is needed. It should be kept in 
mind that we seek to encourage, rather than force 
people to use transit. This involves providing a suit- 
able quality of service and changing traveler percep- 
tions. 

Since the transit system is operated on behalf of the 
community, the impact of the transport system on 
that community needs to be noted. Thus a primary 
issue in the setting of objectives for transit provision, 
is that the entire community should be represented, 
not just the private car user or the transit user or op- 
erator. In applying the strategic logistics manage- 
ment model to transit therefore, it is necessary to an- 
swer several questions: 
1. What are the political and social objectives of 

the authority responsible for the overseeing of 
the transit system and how do they propose to 
support those objectives? 

2. What factors influence mode choice locally and 
how can these factors be modified to maximize 
transit usage without the imposition of unduly 
restrictive measures on car use and thus, choice? 

3. What resources are available? 

The answers to the first two of these questions give 
rise to the customer service objective that describes 
the system in terms of performance benchmarks. A 
few examples are: 

Average walking distance to a transit access 
point. 
Quality of vehicles. Measured in terms of a set 
of criteria such as age, seating space per person, 
on-board amenities, etc. 
Maximum fares. 
Frequency of service. 
Effective travel speed of all travelers. 
Maximum cost of the system to the authority. 
Pollution generation rates per passenger-km by 
all modes. 

Achieving these benchmark values and thus satisfy- 
ing the customer service objective requires a com- 

prehensive understanding of the costs of producing 
the product. 

3.2.2 Total costs. 
In achieving the marketing objective, we wish to 
minimize the total cost of providing the service 
without forgoing the customer service objective. In 
the application of the strategic logistics management 
principles to transit, the concept of total cost should 
be extended to include community costs and bene- 
fits. Examples of this are: 

The tax rates required to ensure adequate levels 
of transport infrastructure funding. 
The safety of suburban streets for pedestrians. 
The air quality and noise levels within the local 
environment. 
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At the same time, the operational costs of transit 
need to be known so that the efficiency of services 
can be monitored. Ultimately, the authority should 
seek to minimize the total cost of transport provision 
to the community whilst meeting its commitment to 
social and economic sustainability. 

The total costs of providing a transit service may be 
broken down into several related components, the 
following being possible cost centers. 

3.2.2.1 Fleet operating costs. 
The actual operating costs of the fleet based on such 
factors as fuel, vehicle financing methods, mainte- 
nance, driver salaries, management, and any other 
costs associated specifically with keeping the vehi- 
cles on the road or track are important. More uni- 
versal costs will include non-monetary values such 
as pollution generation or energy consumption val- 
ues per passenger kilometer traveled. 

3.2.2.2 Fleet size & composition costs. 
At the operator level, the lowest life cycle costs may 
be achieved by meeting the current demand using a 
single standard vehicle. This may however, result in 
the lowest return on community investment where 
the return is measured in terms of goals such as: 

Percentage of total trips made by transit. 
B Area coverage of the transit system. 

The energy usage and pollution generation per 
passenger-kilometer on the transport system. 

3.2.2.3 Vehicle selection & routing costs. 
The specific type of vehicle assigned to a given 
route as well as the actual routes chosen on the net- 
work can have significant impact on the overall 
costs of a transit system. Poor vehicle utilization, 
whether through incorrect vehicle selection or poor 
route selection is a waste of resources. In addition, 
certain vehicle types may be more suited to certain 
local conditions and may provide equal or better 
service at lower costs than others. 

253 



3.2.2.4 Access node and interchange costs. 
A transit system is nearly as reliant on access points 
as it is upon the vehicles. Access nodes, bus stops 
for example, can take many forms ranging from a 
single pole, through to a weatherproof construction 
with electronic information systems. At interchange 
facilities, where more than one non-walk mode is 
typically accessed, facilities may range from a pole 
on a pedestrian island, to something akin to an inter- 
national airport terminal building. 

The different lclcations and constructions will influ- 
ence customer satisfaction, (and thus modal choice,) 
rental income from commercial activities, vehicle 
operating costs as a result of access and egress diffi- 
culties and the like. Customer satisfaction will be 
perceived in terms of convenience, safety, free 
movement, speed of access and egress from vehi- 
cles, proximity to origin or destination, intermodal 
co-ordination, and availability of information. 

3.2.2.5 Order processing & information costs. 
The transit planner, operator, user, and potential user 
all require information. The amount and manner of 
gathering and disseminating this information will 
impact on costs, system performance, user and po- 
tential user perceptions, and thus willingness to use 
the transit system. Cooperative use of modern elec- 
tronic data interchange will allow planners and op- 
erators to readily keep up to date with current infor- 
mation. Similarly, modern ticketing mechanisms 
may offer a means of gathering information, con- 
trolling fare evasion or reducing vehicle access and 
egress time. The benefits of any of these may 
quickly offset the cost of the more sophisticated 
system required. 

4 IMPLEMENTATION OF THE 
MANAGEMENT APPROACH 

The implementation of the strategic logistics man- 
agement principles in the planning and operation of 
urban transit has two core requirements: 

Firstly, there needs to be a central coordinating 
structure with the power to direct the public and 
general transport systems. Such control may take the 
form of contracts and licenses or permission for 
rights-of-way or facility construction and so on. 
These powers are typically vested in the local 
authority. It is not necessary that the authority pro- 
vides or operates the transit system. It must how- 
ever, lay down minimum standards and co-ordinate 
services and monitor performance, providing cor- 
rective feedback where necessary, naturally requir- 
ing a complete understanding of transit. This coordi- 
nating structure must specify the goals to be met by 
the system as well as the criteria by which it is to be 

measured. Of course, the authority may also be re- 
quired to fund services, required by its policies, 
which are not commercially viable. 

Since the provision of basic infrastructure is in any 
case managed in this way, and more often than not, 
transit subsidies are paid by the authorities, there is 
no basis for arguing that this approach would restrict 
free enterprise. Properly managed, it may very well 
promote such enterprise by improving the overall 
image of the industry. 

Secondly, a mechanism is required for evaluating 
the interaction of the various components of the 
transport and transit systems. In this respect, there is 
a great deal of very sophisticated software available 
for the planning and operation of various specific 
facets of a transport system. Unfortunately, each of 
these packages tends to be utilized by a specialist in 
a particular field and all too often, these specialisa- 
tions are not brought together in a cohesive way. 
Strategic Logistics Management seeks to link all the 
specialist fields and thus to: 

Identify an optimal allocation of resources so that 
all the objectives of all role players are met as 
closely as possible, according to the priority of the 
objectives within the system. 

Once the regional socio-economic and customer 
service objectives are established, the goal pro- 
gramming technique can be used as a means of sys- 
tem optimization. In this process, the objective 
function minimizes the deviation from the desired 
objectives, solving for each objective or group of 
objectives in order of priority and weight. 

Of course, this is far more easily said than done, but 
modern computer hardware and software make it 
perfectly feasible, especially if we make use of ex- 
isting information and models. 

5 APPLYING THE TECHNIQUE TO THE 
ROUTE DEVELOPMENT AND VEHICLE 
ASSIGNMENT PROBLEM 

Fundamental to the transit business is the need to 
provide a product, which conforms to customer de- 
sires, otherwise they will not buy it, and to produce 
the product at a profit otherwise nobody will pro- 
duce it. In other words, we seek to establish a con- 
vergence of feasible provision of transit, with the 
travel desires of users and potential users of transit. 

The approach presented here is particularly relevant 
in the environment of a, multi-modal, multi- 
operator, multi-vehicle fleet. It provides an optimum 
compromise between the many conflicting business, 
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socio-economic and technical goals and constraints 
that will apply in such circumstances. 

One of the main problems to be tackled in develop- 
ing a transit product, is to decide where and when to 
run transit vehicles and to decide what vehicles to 
use and their frequency on the route. We will use 
this problem to demonstrate the application of the 
strategic logistics management principles. 

The first step is to establish an idea of the kind of 
product that our customers an; potential customers 
will be prepared to buy. This we do by developing a 
transit desire matrix, in the form of functions of 
travel time, waiting time, fare and other relevant 
variables. The use of existing transit demand matri- 
ces is of limited value as they only show us what 
people are doing, not what they would do given al- 
ternatives. Ideally, stated preference studies with 
regular follow-ups are required for the development 
of these demand functions. This is probably the most 
difficult and expensive part of the modeling process 
but is the basic market research that should preface 
the initiation of any business venture and, for that 
matter, any comprehensive transport plan. 

From this study, the customer service objectives are 
developed and the data can be used for several as- 
pects of the optimization process, from route estab- 
lishment to vehicle replacement cycle evaluation. 

Once a demand matrix is obtained, we use one of the 
transport planning models, to perform a free, equi- 
librium assignment of the transit demand onto the 
entire potential transit network. The potential transit 
network includes all possible road, rail or other links 
that could be used for transit purposes. This means 
that our model offers some form of modal split or 
"product choice." In this assignment, the non-transit 
traffic is simultaneously assigned to the network so 
that the combined impact of all travel modes on the 
system is taken into account. In other words, we are 
evaluating the effect of the transit on non-transit and 
vice versa. 

This free assignment is based on the assumption that 
only travel time and distance related costs have any 
impact on the route that a transit user will make. 
This is the best travel time that any user of transit 
could hope to achieve, assuming a perfect transit 
system or use of his or her own motor car. 

Since it is quite unlikely to be possible to provide 
such a perfect transit system, we now discourage 
transit trips on links with transit demand below the 
feasible limit. This is done by raising the "cost" of 
travel on those links in our model, in effect focusing 
the trips. This is the equivalent of providing a very 
low frequency of service and thus having long 

waiting times, or charging very high fare for low ve- 
hicle utilization. Some users will be obliged to pay 
the price, some will change to car, and some trips 
will not be made any more. This is just the same sort 
of decision made by any business in respect of 
which market segment it will attempt to attract. Of 
course, policy may require that some of these serv- 
ices be operated under subsidy. 

The results this process are converted to a set of po- 
tential routes. First, express routes, based on origin- 
destination demands, are extracted. Then, all other 
routes are extracted from the data using a method 
which seeks to maximize vehicle utilization over 
entire routes whilst following the paths that would 
be chosen by the transit users given free choice in 
the matter. The results of this route extraction proc- 
ess define routes in terms of route capacity, travel 
time, node sequence, and distance. 

These potential routes are now subjected to a goal 
programming evaluation process in which the avail- 
able fleet is assigned to the routes according to local 
objectives. Factors such as minimum and maximum 
frequencies, vehicle utilization, maximum allowable 
fares, vehicle quality requirement on certain routes 
and so on are taken into account. Usually, but not 
necessarily, h g h  demand routes are satisfied before 
low demand routes. In performing this optimization, 
we are attempting to provide the optimal product 
choice of the customer, using the best production 
methods available to the producer. 

On the first iteration of this process, it is quite possi- 
ble that many potential routes cannot be satisfied for 
lack of resources. At this stage, policy revisions 
may be required - For example; should coverage be 
maximized at the expense of individual route capac- 
ity? Changes in the policies call for a re-run of the 
optimization program. If no policy changes are 
made, we return to the network model where further 
focusing of the transit trips is undertaken. The proc- 
ess is repeated until subsequent iterations elicit no 
improvements in the objective function of our goal- 
programming model. 

The final output from the process is a detailed set of 
routes, which, in addition to the information already 
mentioned, also specify vehicle type, service fre- 
quency, operating cost, stopping points, and other 
similar information. This set of routes is that which 
will most closely satisfy the goals of the community 
in terms of coverage, subsidization, pollution, em- 
ployment creation and anything else included in the 
original design objectives. That is, it represents a 
system optimum for both users and operators within 
the bounds of the available resources and taking into 
account the impact of other users of the transport 
system. 
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This process fulfills the requirements of strategic lo- 
gistics management by identifying that transit sys- 
tem that will satisfy the most transit users and po- 
tential users and thus maximize the revenue accrued 
to the transit industry as a whole. It also minimizes 
the cost of the transit system to the community. 
Most operators will benefit in as much as that vehi- 
cle utilization is maximized by virtue of allocation to 
certain routes. Of course, it is possible that some 
operators will not gain contracts in the system, but 
this should motivate them to examine other clspects 
of their management such as those described in the 
following section. Any operator who can create a 
new market niche should always be free to present 
his case to the transport authority with a view to a 
revision of the transit system plan. 

6 OTHER OPTIMIZATION AREAS 

Many other aspects of the transit system can be op- 
timized within the overall transit plan and manage- 
ment scheme. The following are some of the possi- 
bilities: 

6.1 Vehicle replacement cycles. 
In transit, the influence of vehicle age, reliability and 
general condition, on the demand for transit need to 
be included in the evaluation of vehicle replacement 
cycles. 

6.2 Vehicle maintenance schemes. 
Especially where economies of scale can be intro- 
duced through cooperation amongst small operators, 
vehicle maintenance programs can effect significant 
benefits. Reduced operating costs, improved vehicle 
reliability, improved safety reputation and appear- 
ance and greater attractiveness to potential transit 
users. 

6.3 Fixed inpastructure. 

Deadheading costs, economies of scale and vehicle 
and passenger capacities are all major factors in the 
performance of the system The location and design 
of interchange facilities, vehicle depots, and mainte- 
nance facilities can significantly influence these. 

6.4 Park ‘n Ride facilities. 

The location and opportunities surrounding park ‘n 
ride facilities can significantly reduce the mileage of 
the transit vehicles and generate income by provid- 
ing other services. 

6.5 Ticketing systems. 

These can have a significant impact on demand and 
profitability for a number of reasons such as inter- 
modal compatibility, influence on travel time and 
cash control. The implementation of various alter- 
natives as a system standard need to be evaluated in 
terms of customer satisfaction as well as technical 
impact on the service provision. 

Other optimization opportunities include financing 
methods, and fleet diversity amongst others. At all 
stages however, the impact of changes and ideas 
need to be seen in terms of their impact on the total 
transit system and further, in terms of the entire 
transport system of the region. 

Clearly, applying the strategic logistics management 
approach to the transit system should be the function 
of the transport authority. Many of the possible ap- 
plications of the approach are however, applicable at 
operator level. In a properly managed system there- 
fore, the tools, network data and expertise to per- 
form these evaluations should be provided by the 
central planning authority as a service to the opera- 
tors. 

7 CONCLUSIONS 

Fragmentation of transit planning and provision is a 
problem and in no way aids the promotion of transit 
usage. In light of the global interest in promoting 
transit as a more sustainable mode of transport than 
the private automobile, two major drives are neces- 
sary. 

Firstly, the transit industry must develop a unified 
front against the competition, the private car. This 
must be supported in the planning of transport sys- 
tems by local and regional authorities. Together, the 
planners and the providers must develop competitive 
transport products. In this paper, we have provided 
an outline description of a method for developing 
such products, in a multi-modal environment, using 
readily available tools and existing skills. 

Secondly, having developed these products, the in- 
dustry, again including the local and regional 
authorities, must engage in vigorous and properly 
executed marketing campaigns to sell the product to 
potential clients, rather than focusing exclusively on 
captive or existing choice users. 
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publicas de norma 

VRaman 

K. M.Anantharamaiah 
Chakra Infrastructure Consultants Private Limited, Bangalore, India 

Indian Institute of Management, Bangalore, India 

ABSTRACT: New initiatives are possible in evolving environmentally friendly urban rapid transit services in 
cities of developing countries, with the private sector acting in concert with stakeholders. We draw on two 
examples of such initiatives in India, which are in different stages of project development and related policy 
formulation. The paper discusses a model with four integrated modules. These forecast traffic on a new transit 
facility by computing the quantum of shift from the current modes, based on the transit system fare and sav- 
ings in travel time; and deal with project technical parameters, financial, environmental and economic analy- 
ses. Environmental benefits provide justification for the Government’s financial participation and help in 
evolving a method of raising the State’s contribution. 

&SUM&: De nouvelles initiatives sont possible pour un nouveau service de transport urbain rapide et 
preservant l’environnement dam les villes de pays en voie de developpement avec le secteur prive agissant en 
accord avec les capitaux engages. Nous avons deux exemples de telles initiaives en Inde lesquels sont a des 
stades differents dans leurs projets de developpement et de formulation de plan. L’article examine un modele 
avec quatre modules integres. Ceux ci prevoient la circulation sur un noweau systeme de transport en 
calculant les changements du systeme actuel en fonction des prix du billet du nouveau syteme et l’economie 
de temps de voyage et s’occupe en meme temps des parametres techniques et des analyses financieres, 
ecologiques et economiques des projets. Les bienfaits ecologiques en matiere d’environnement donnent assez 
de justification pour une participation financiere du gouvernement et son aide en mettant au point une 
methode pour augmenter la contribution de l’etat. 

RESUMEN: Es posible producir servicios de transporte urbanos que son amistosos entorno y rapidos en 
ciudades de paises reveladores, con la cooperacion del sector privado con 10s intereses creados. Utilizamos 
dos ejemplos de tales iniciativas en India, que esta en etapas diferentes desaFollo del proyecto y formulacion 
relacionada de norma, y discute un modelo con cuatro modulos integrados. Estos pronostican el trafico en un 
sistema de transporte nuevo, comparando 10s ahorros en precios del billete y de tiempo de viaje con sistemas 
que existen, y discuten 10s parametros tecnicos del proyecto, estudios financiero, entorno y economico. 
Beneficios de entorno proporcionan la justificacion para la participacion financieras del Gobierno y ayudar a 
evolucionar un metodo de subir la contribucion del Estado. 

1 BACKGROUND 

The population of large cities, with over one million 
inhabitants, has been increasing rapidly in develop- 
ing countries like India. Increasing urbanisation is 
occurring in developing countries because economic 
opportunities are relatively higher in urban centres, 
resulting in migration fiom rural areas. In the past it 
was considered the fimction of the State to provide 
all the major public infrastructure and services that 
are essential for an urban agglomeration to hnction. 
In India, while delivering these services Govern- 

ments made very little effort to ensure the finanan- 
cial viability of the concerned infrastructure organi- 
sations (except in telecommunications where the 
State run monopoly was profitable). Political com- 
pulsions resulted in distorting the management and 
finances of urban services. As a result in almost 
every large city in India infiastrudure services are of 
poor quality, inefficiently delivered and unable to 
keep pace with demand. Further, unsatisfactory in- 
frastructure services have degraded an already 
strained urban environment. 

In the case of urban transportation large cities do 
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not lend themselves easily to environmentally 
friendly modes of transport such as walking and cy- 
cling because trip distances and time considerations 
militate against the use of these modes. Unless a 
network of railways exists for historical reasons, 
road transport is the natural mode of choice, as road 
infrastructure grows with the development of an ur- 
ban area. If public transport is unsatisfactory, trans- 
port by private modes increases rapidly. Increasing 
per capita incomes exacerbates this situation. Emis- 
sions from road vehicles then become a major con- 
tributor to air pollution in cities Air pollution levels 
in large cities in the developing world exceed those 
in any city of the industrialised countries (Faiz et al. 
1996). Further, air pollution in developing countries 
accounts for a considerable number of excess deaths, 
increased medical costs and lost productivity annu- 
ally. 

There is substantial scope for technical policy 
changes in the road transport sector to increase vehi- 
cle fuel efficiencies, reduce pollution, etc. Many of 
these measures can be effected quickly. Neverthe- 
less, vehicles on the road and average trip distances 
will continue to increase with the growth of cities in 
the developing world and this will affect urban pol- 
lution loads. 

2 PERSONAL, VEHICLES AND BUS 
TRANSPORT IN INDIAN CITIES 

Motorised two wheelers amount to nearly 75 per 
cent of privately owned vehicles in most of urban 
India. Further, personal vehicle ownership rates are 
high in the case of Bangalore and Pune, which are 
Indian cities with current populations of about 5.5 
and 3 million people respectively. The absence of 
satisfactory public transport could be a factor in 
causing people to buy their own vehicles. Consider- 
ing these two cities it was observed that 60 per cent 
of trips longer than a kilometre in Bangalore took 
place on the public bus system in 1994 and the per 
capita vehicle ownership was 0.16. In contrast, per 
capita vehicle ownership was close to 0.25 and bus 
services only provided 28 per cent of inter-zonal 
trips in Pune in 1997 (Chakra Infrastructure 1994, 
1997a). Most of these vehicles have two stroke en- 
gines. These emit more air pollution per vehicle 
kilometre travelled than equivalent vehicles with 
four stroke engines. In view of the numbers in- 
volved, the economic status of vehicle users and the 
absence of an inexpensive technological “fix”, it will 
not be simple to find a solution for the air pollution, 
noise pollution and road safety problems caused by 
such vehicles in Indian cities. 

Except in three metropolises of Mumbai, Chennai 
and Calcutta, urban public transport in India is bus 
based. City bus systems are mostly State owned and 

have a low, subsidised, fare structure owing to his- 
torical and political reasons. An argument made for 
subsidies is that the main users of the public bus 
transport system are the poor. And it is less energy 
intensive, more efficient and environmentally 
fiiendly than personal vehicles. A rise in prices to 
remunerative levels may not only be against the 
public policy of assisting the poor but may also 
make people shift to privately owned vehicles, 
which are more energy intensive and environmen- 
tally degrading. 

Per contra, what drives commuters away from 
bus services is their poor quality and uncomfortable 
conditions (100 persons in buses with capacities of 
60 people during peak hours). Further, the burgeon- 
ing growth of personal vehicles shows that a signifi- 
cant segment of commuters, presently enjoying a 
fare subsidy, would be willing to pay higher fwes 
for better transport services. In Bangalore 80,000 
two wheelers and 20,000 cars are purchased each 
year. This stock of vehicles implies a willingness to 
raise capital resources of approximately US $ 150 
million annually. Though the motivation to purchase 
vehicles is not solely a response to poor public 
transport facilities, these are significant expenditures 
and, in addition, there are operating costs as well. 

3 POLICY ON PRIVATE SECTOR 
INVOLVEMENT IN TRANSIT 

In all cities in India, the Government of the day 
prevails in a wide range of issues in bus transit, in- 
cluding policies, fares, staff appointments and mat- 
ters affecting daily operations. Over a period of time 
inappropriate fares and lack of responsibility mani- 
fested in parastatal systems have led to a situation 
where every city bus corporation is in financial dis- 
tress. There is insufficient money to modernise 
them. A related point (Asian Development Bank 
1994) is that if public transport tariff structures are 
not remunerative, it is difficult to attract the private 
sector to provide additional or competitive transit 
services in a city. 

In 1991 the Government of India enunciated a 
market friendly and business oriented economic 
policy framework that aimed to free the private sec- 
tor from unnecessary controls and regulations. The 
State would retreat from direct involvement in eco- 
nomic activities and would move gradually towards 
policy formulation and secondary levers of activity. 
This would allow it to concentrate on activities that 
were unlikely to interest the private sector. How- 
ever, the liberalisation process has not even started 
in sectors like urban transit for reasons that have 
been discussed elsewhere (Raman & Ananthara- 
maiah 1998). Initiatives to involve the private sector 
in urban transit have been mentioned in over twenty 
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cities in India. However, focussed studies or plan- 
ning for busways and light rail transit systems 
(LRTs) with private sector participation have taken 
place in only three cities - Bangalore, Pune and Hy- 
derabad - and of these, presently only the first is 
progressing towards a franchise agreement. 

Municipal authorities and State Governments 
have a paucity of resources, making it impossible for 
them to fbnd capital-intensive mass rapid transit 
systems (MRTSs) on their own. It has also been im- 
possible to establish inexpensive schemes such as 
reserving lanes for buses, owing to high traffic vol- 
ume to capacity ratios in arterial roads. Private sec- 
tor consortia of Indian and foreign firms could be 
interested in providing transport services in Build, 
Own, Operate and Transfer (BOOT) fiameworks 
provided such schemes have adequate returns, equi- 
table sharing of project risks and strong evidence of 
the Government’s willingness to take decisions 
quickly. In principle, most of the State Governments 
in India are willing to make the required administra- 
tive and legal changes and follow a process of se- 
lecting a BOOT consortium in a transparent manner, 
duly consulting relevant sections of the local com- 
munity. 

4 MODELSTRUCTURE 

A crucial part of evolving a suitable MRTS, rail 
or bus based, is to develop system and other pa- 
rameters appropriate to travel demand forecasts. We 
have developed a methodology that assists in 
evolving all the major parameters of a new urban 
transit network in a developing city with a model 
that has four integrated modules. These modules are 
traffic forecasts, system parameters and engineering 
costs, financial analysis and project structuring, en- 
vironmental and economic analyses. 

4.1 Trafic Forecast Module 

The traffic forecast module involves the conven- 
tional method of projecting traffic demand and in- 
corporates each city’s characteristic of willingness to 
pay for travel time savings, based on a survey of 
households that needs to be conducted. Its principal 
features are: - 
- A land use transport model to estimate travel de- 

mand, with and without the proposed MRTS. 
- MRTS alignments are identified to pass through 

hgh  demand areas. 
- While doing so, land requirements are minimised, 

as the legal and judicial process involved in ac- 
quiring land is lengthy. 

- Integration of the MRTS with para-transit sys- 
tems and provision for parking personal vehicles. 

Module 1: Traffic Forecasts 
0 House hold survey and analysis. 
0 Projection of study region popula- 

tion, travel and economic activities 
0 MRTS routes & characteristics. 
0 Future trip generation. 
0 Future trip &slribution using grav- 

ity model. 
0 Future modal split without MRTS 

using normalised logit equations. 
U Shift to MRTS from cunent modes 

for alternate transit fares with 

from household swvev. 
willingness to pay logit equations 

0 Alternatives for Government sup 
port and BOOT operator’s exit 

Module 2: System Parameters and En- 

0 Operating plan, trains & vehicles. 
0 Station & yard requirements. 
0 Signalling & telecommunication. 
0 Power supply and distribution 
0 Estimation of total project costs. 
0 Iterations based on fares and t raac 

forecasts. 

gineeMg costs 

Module 4: Environmental and Eco- 
nomic Analyses 
0 Economic viability. 
0 Environmental impact analysis. 
U Rationale for State support. 
U Rasing State’s contribution. 

Figure 1 : Model Structure 
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In the Indian context an important innovation has 
been to incorporate willingness to use the MRTS as 
a function of travel time savings and fare. A double 
constraint gravity model using Tanner type deterrent 
functions generates the total trip distribution matrix. 
Mathematical expressions of modal use are derived 
from the household survey as a set of normalised 
logit equations. The modal split without the MRTS 
is obtained by applying this set to the total trip dis- 
tribution matrix. A further set of logit expressions 
evolved from a sample survey of households are ap- 
plied to the modal split (without the MRTS) to esti- 
mate the shift to the new system. This methodology 
assists in deciding the general range of fares that 
should be charged on the MRTS, relative to a unit 
denominator (such as a stage fare on the public bus 
service) at constant prices, prevalent in the year of 
the household survey. The structure of the model has 
been described earlier by Raman & Anantharamaiah 
(1996a, b) and in project reports (Chakra Infia- 
structure 1994, 1995, 1997% b). The logit expres- 
sions for willingness to pay for travel on a new 
mode are of the form: - 
p = 100 /(l+A* (exp @ )  * (x')) 
Where p is the percentage of people who would 
change to the MRTS from modes they use presently, 
y is the expected travel time saving as a percentage 
of the travel time by the mode presently used, x is 
the multiple of the unit denominator bus fare per km 
that people are willing to pay and A, B and C are 
coefficients. Table 1 gives the values of the coefi- 
cients for existing modes of travel in the cities of 
Bangalore and Fune. 

4.2 System Parameters and Engineering Costs 
Module 

This module uses data from the travel forecast 
module to ascertain optimal parameters of the transit 

Table 1. Values of Coefficients in Willingness to Pay Equa- 
tions for Bangalore and Pune 

Mode Bandore 
A B C R 2  

Autorickshaw 25.% -0.0965 1.3077 0.919 
Two wheeler 48.22 -0.0990 1.5129 0.920 
Bicycles 107.60 -0.1055 0.7611 0.859 
PublicBus 58.95 -0.1006 1.0011 0.921 
Car 39.38 -0.1015 1.5194 0.929 
OtherModes 4.74 -0.0756 1.6859 0.907 

Mode pune 
A B C R 2  

Autorickshaw 990.10 -2.507 1.0489 0.974 
Two wheeler 2015.8 -2.790 1.1072 0.962 

Public Bus 485.26 -2.357 1.0773 0.970 

OtherModes 786.18 -2.514 1.2703 0.962 

Bicycles 528.36 -2.371 1.1714 0.971 

Car 743.59 -2.512 0.9777 0.954 

system that is required to meet the travel demand. It 
evolves operating plans for horizon years (irrespec- 
tive of the type of MRTS) Erom the forecast of daily 
trips. These need to be translated (in the case of an 
LRT) into train and vehicle characteristics, station 
sizes, signalling, telecommunication and power sup- 
ply and distribution arrangements. By linking these 
parameters to the traffic forecasts, facilities and 
costs are planned commensurate with demand, as 
there is a feedback to the demand forecasting mod- 
ule. Depending on each situation, planning for op- 
erations can build in options for flexibility in the 
future, so that system expansion can be synergetic 
with residential and work location trends in a city. 

4.3 Financial and Project Structuring Module 
The module quantifies the support required from 

the State to achieve financial viability for private 
sector funds invested in the project. It provides the 
means to raise the confidence of financial institu- 
tions making these investments. It incorporates: - 

Constru&on costs and cash flow; in different 
years using revenue based on traffic forecasts. 
Alternative sources of fbnds (domestic, foreign, 
terms, tenor). 
Assessment of the financial viability of the proj- 
ect under alternative configurations of inflation, 
interest rates and other investor risks. 
Alternative schemes for the financial role of the 
Government in the project. 
Appropriate phasing of the network during the 
project implementation period. 

4.4 Environmental and Economic Analyses Module 
The module identifies environmental benefits. It 

also provides justification for State participation (if 
the project is economically viable) and leads to a 
method for the State to raise its contribution of 
funds. The main adverse environmental effects of 
the road transportation sector are deterioration in air 
quality, noise pollution and decreasing road safety. 
Congestion in arterial roads exacerbates these. Re- 
ducing road traffic by introducing a MRTS improves 
the environment, not only for users of the system but 
also for society at large. Our methodology quantifies 
these environmental benefits, including reduction in 
the use of resources - in primary energy consump- 
tion on account of shifiing to a more energy efficient 
mode. 

As an example, the likely environmental benefits 
from a MRTS in the cities of Bangalore and Fune in 
the year 201 1 are shown in Table 2. The air pollu- 
tion avoided in Bangalore is less than in Pune be- 
cause in Bangalore much of the MRTS traffic would 
be from commuters using public buses, which is less 
polluting than personal transport. 
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Table 2. Environmental Benefits from h4RTS Projects in the 
year 2011 

Item Bangalore Pune 
Fuel Saved Kiloliters Per Year 57,500 28,600 
Air Pollution Avoided Tonnes 9,300 13,700 
Per Year 
Energy Saved kJ x 10’ Per Day 3,500 1,550 

The economic benefits of MRTS projects are 
travel time savings of the users of the MRTS and the 
costs of avoided road accidents. They also include 
benefits accruing to those who continue to use ex- 
isting road modes with reduced congestion and im- 
proved safety (resulting from the MRTS attracting 
road traffic). In addition there are the environmental 
benefits mentioned earlier, to the extent that these 
can be quantified. 

5 PUBLIC POLICIES AND STATE SUPPORT 
FOR MRTS PROJECTS 

It has not been hlly appreciated that it is difficult 
to make the transition from State owned public tran- 
sit services to involving the private sector without an 
adequate policy framework. Whether rail based or a 
busway, an MRTS must supplement and grow with 
the existing arrangements in the city. Firstly, it is es- 
sential that the existing bus services in cities should 
be made efficient and financially viable. The exist- 
ing services would remain as the core transit provid- 
ers for many years to come. Secondly, with the no- 
table exception of Hong Kong, very few urban 
transit projects are financially remunerative. Most 
heavy rail urban transit systems cannot produce eco- 
nomic returns (in addition to being financially unvi- 
able) unless, among other factors, the city under 
consideration has 5 million inhabitants with annual 
per capita incomes exceeding US $ 1,800 at 1990 
price levels (Fouracre et al. 1990). Even if the pur- 
chasing power parity of the Indian Rupee is consid- 
ered, the general application of this conclusion holds 
good in Indian cities. Few direct revenue streams are 
available other than from the sale of tickets and ad- 
vertising to finance an urban transit project. The 
benefits that could accrue from property develop- 
ment are limited. Generally, it is necessary for the 
State to provide a portion of the capital requirements 
in order that the balance can be raised from the mar- 
ket and serviced by the project. 

However, it is undesirable to provide an annual 
operating subsidy to a BOOT operator, as that would 
leave little incentive to be efficient in operations. As 
a corollary the hnds provided by the State need to 
be in the form of subordinate debt; or a secondary 
tier of capital that would not attract dividends but 
would result in the transfer of the entire system back 
to the State at the end of a franchise period. It is also 

important to recognise that the State’s involvement 
would provide comfort to lenders. Considering that 
the greatest risk in urban transit projects with long 
gestation periods is political uncertainty, particularly 
regarding fare structures, such financial support 
from the State would constitute an amelioration of 
project associated risks. Ensuring carrying capacity 
requirements in the system’s operating franchise 
agreement can moderate the BOOT operator’s ob- 
jective of maximising revenue. This is a desirable 
method in comparison to the Government getting 
involved in approving annual fare increases (Raman 
& Anantharamaiah 1996b). 

The justification for the State providing funds to 
support a MRTS project in partnership with the pri- 
vate sector must, however, be based on the criterion 
of economic viability. Provided this is so, the meth- 
odology used to analyse environmental benefits in 
our model provides a way for the State to raise re- 
sources to garner its share of finds for such a proj- 
ect. The fare in the new transit system is based on 
the willingness of users to pay for time savings. En- 
vironmental benefits cannot be internalised in the 
fare structure. Since these benefits accrue to all in- 
habitants in a city, by imposing a levy on the sale of 
he1 and other goods, it is possible to get those who 
benefit from the LRT without using it to partly pay 
for the development of a system that benefits them. 
It is, of course, crucial that such a levy should not 
disappear into the general funds of the State but 
should be earmarked for the development of the 
project. 

In the case of Bangalore the Government effected 
these measures in 1995. It has, therefore, been pos- 
sible for the State to indicate its seriousness regard- 
ing the project in a practical fashion to both the pri- 
vate sector and to the community of financial 
institutions that are likely to participate in it (a 
similar approach was recommended in the case of 
Pune but the authorities there have chosen to offer 
property development in lieu of cash inputs). The 
quantum of taxes in the case of Bangalore is less 
than one per cent of the pump price of petrol and 
diesel with a similar impost on a selective list of 
goods and services sold in the city. 

6 CONCLUSIONS 

Governments need to have policies of undertak- 
ing MRTS projects in partnership with the private 
sector. Not only will this introduce market mecha- 
nisms in urban infrastructure and services and thus 
remove inefficiencies in the system; it will also help 
the Government to concentrate on other priority ar- 
eas, which are not conducive to private sector par- 
ticipation. Our model allows the main traffic and 
system parameters of such projects to be developed 
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and quantified in an integrated manner for large de- 
veloping cities; for an assessment of financial and 
economic viability to be made; for the positive envi- 
ronmental effects to be identified; and to provide 
justification for levies to garner the State’s contribu- 
tion to such projects. The authors consider that a 
further enhancement of their model would be to in- 
troduce a module incorporating probabilistic meth- 
ods of supplementing confidence levels in the proj- 
ect. 
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Improving urban bus operations: Recent experience in the United Kingdom 
Ameliorer les services de bus en milieu urbain: une expkrience recente au Royaume-Uni 
Mejorar 10s servicios de autobuses: La experiencia del Reino Unido 

N. B. Hounsell 
University of Southampton, UK 

ABSTRACT: The need for improved bus operations in UK cities is widely recognised by Central and Local 
Governments in the United Kingdom (UK) as well as by existing and potential bus passengers. Recent UK 
policy documents have re-emphasised the vital role of the bus in contributing to sustainable urban transport. 
There have been many initiatives in this respect in recent years, taking advantage of new technologies and In- 
telligent Transport Systems (ITS). This paper describes these initiatives and selected applications, highlighting 
their economic and environmental effectiveness. The ITS applications are put in the context of other possible 
measures to improve bus operations and the potential for their adoption in less developed countries. It is con- 
cluded that ITS can provide an important and highly cost-effective contribution to the improvement of urban 
bus operations, given the existence of appropriate organisational structures and operating conditions. 

Le gouvernement et les conseils municipaux, ainsi que les usagers, reconnaissent l’importance d’ameliorer les 
services de bus. La politique britannique en matiere de transport a recemment insiste sur le r61e fondamental 
que le bus doit jouer dans le transport urbain. Dans cet objectif, de nombreuses initiatives ont recemment vu le 
jour, profitant de technologies nouvelles telles que I’ITS (Systemes de Transport Intelligents). Ce document 
decrit ces initiatives, ainsi que certaines applications, soulignant leur impact sur l’economie et l’environnement. 
Les applications de I’ITS sont comparees a d’autres solutions envisageables afin d’ameliorer les services de 
bus, pour eventuellement les adapter dans des pays sous developpes. Ce dossier conclue sur le fait que I’ITS 
peut produire d’importants benefices. Ceux-ci permettront I’amelioration des services de bus, a supposer que 
I’on puisse s’appuyer sur une gestion et une organisation eficaces. 

En el Reino Unido, el Gobierno Central, las Municipalidades y 10s usuarios de autobuses reconocen la impor- 
tancia de mejorar 10s servicios de autobuses. Politicas recientes vuelven a subrayar la contribucion central que 
aporta el autobus a1 transporte urbano sostenible. En estos ultimos afios se han visto muchas iniciativas que 
aprovechan de nuevas tecnologias y Sistemas de Transporte Inteligentes (ITS). Aqui se describen estas iniciati- 
vas y unas aplicaciones, destacando sus impactos ambientales y economicos. Las aplicaciones de ITS se com- 
paran con otros medidas para mejorar 10s servicios de autobuses. Ademas, la posibilidad de implementarlas en 
paises en desarrollo se examina. Se concluyo que 10s servicios de autobuses urbanos, con tal que sean bien or- 
ganizados y que existan circunstancias adecuadas de 

1 INTRODUCTION 

Travel by bus in the United Kingdom has been de- 
clining for almost 5 0  years, from some 16 billion 10- 
cal bus passenger journeys in 1950 to under 5 billion 
in 1998 (DETR, 1999). This decline has been against 
a background of substantial increases in the use of 
the private car; some 60 billion passenger kilometres 
were travelled in cars, vans and taxis in 1952, rising 
to over 600 billion in 1997. However, bus journeys 

still account for two thirds of all public transport 
journeys in the UK and represent a vital component 
of sustainable public transport in cities. 

The decline in bus travel in the UK has also been 
against the background of various changes in the 
regulatory arrangements for the industry. The most 
notable was deregulation outside London under the 
Transport Act 1985. It was hoped that this would 
encourage greater competition, flexibility and efi- 
ciency in bus service provision, and some benefits 
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have been achieved. However, until recently, this 
also resulted in some instability in services, a lack of 
strategic planning and timetabling, and some reduc- 
tion in quality of service to the passenger; deregula- 
tion certainly had no impact on reducing the decline 
in bus use, and has arguably delayed much needed 
investment in new buses and supporting technolo- 
gies, including ITS. This investment has occurred 
only more recently, where mergers and takeovers 
have gradually consolidated bus operations to one or 
two major operators in many cities - providing a sta- 
bility for investment. 

The situation in London is quite different. A 
regulatory framework was maintained here, whereby 
London Transport Buses have retained the primary 
function for planning bus services, which are let on a 
franchise basis to private operators under strict 
“Quality of Service” requirements. This has main- 
tained stability in bus operations in London, and has 
stimulated many new initiatives for improving bus 
services. With this background, bus patronage has 
been much more steady in London than elsewhere in 
the UK, although it is difficult to say how much this 
has been caused by the regulatory conditions rather 
than the unique transport situation in London. 

2 IMPROVING BUS OPERATIONS 

Improving bus operations in cities requires particular 
attention to be paid to a wide range of factors which 
are important to bus passengers and/or operators. 
These include the quality of the infiastructure (bus 
stops, interchanges, terminals etc), the quality of the 
bus (comfort, cleanliness, easy access etc) and the 
frequency, speed and reliability of the bus service it- 
self. To maintain passenger patronage, or to attract 
passengers to buses from other modes, it is essential 
that all aspects of the journey by bus are addressed - 
for example, it is no good having perfect punctuality 
if the quality of the bus is so poor that the private car 
becomes the preferred mode of transport. 

One of the key problems for buses in major cities 
is undoubtedly the disruption to services and sched- 
ules caused by traffic congestion. This problem is in- 
creasing in many cities where traffic growth contin- 
ues apace, particularly in less developed countries. A 
partial solution to this problem is the segregation of 
buses from general traffic wherever possible, using 
bus lanes, central busways or bus-only streets. How- 
ever, there are very few cities where these opportu- 
nities have been realised before congestion has oc- 
curred - and substantial re-allocation of roadspace to 
buses after congestion has set in requires a very 
strong political will which is rarely evident. There is 
clearly a risk that such re-allocation could increase 
congestion to an extent that buses are also severely 
delayed elsewhere in the network, at least in the 
short term. 

The opportunities for roadspace re-allocation in 
favour of buses are also limited by the overall road- 
space available; many historic cities have restricted 
roadspace and the construction of new roads in cities 
is often severely constrained, not only by environ- 
mental considerations but also by the wish to avoid 
additional private traffic being generated by the new 
roads, causing further congestion, pollution, and en- 
vironmental damage. Indeed, the emphasis in many 
cities is on reducing private traffic using demand 
management measures such as parking con- 
troldprice, physical restrictions such as central area 
pedestrianisation, and road user charging. 

Against this background the question often set is: 
“Given our existing infrastructure and traffic condi- 
tions, how can we use advanced traffic management 
and new information technologies to help buses?” 

The following sections illustrate five applications 
where this is being achieved in the UK. 

2.1 Priority for Buses at Traffic Signals 

Traffic signals can be a very efficient and safe form 
of traffic control for junctions in urban areas. The 
last decade has seen an increasing use of traffic sig- 
nals in almost all cities in the world, and significant 
improvements in Urban Traffic Control (UTC) sys- 
tems such as SCOOT (Bretherton et al, 1998) and 
SCATS (Lowrie, 1982). In particular, these traffic- 
responsive UTC systems use extensive traffic detec- 
tion and advanced control algorithms to optimise 
traffic signals in real time. However, optimisation is 
often dominated by the minimisation of vehicle de- 
lays in the network, rather than minimising delays for 
all road users. This latter consideration leads to the 
need for bus priority, due to the high passenger- 
carrying capability of buses. Such bus priority has 
therefore been developed for a number of UTC and 
isolated signal systems. In the UK, this is achieved 
through selective detection of buses in mixed traffic 
as they approach traffic signals and the extension or 
recall of the green signal to minimise the delay to the 
bus, subject to any constraints imposed (e.g. satis@- 
ing competing pedestrian phases, or limiting the dis- 
benefits to other traffic). 

Advanced technologies are often used for detect- 
ing buses, although these need not be cost!y. For ex- 
ample, standard inductive loop traffic detectors can 
be re-configured in size and location, and tuned to 
distinguish conventional buses (by their “signature”) 
from other traffic. No on-bus equipment may then be 
needed. Alternatively, inexpensive microwave, infra- 
red or radio-based tags or transponders can be fitted 
to buses, which communicate with road surface or 
roadside detectors which are themselves linked to the 
traffic signal controller. These may simply register 
the presence of a bus or may communicate bus- 
specific data so that bus-specific priority could be 
provided. For example, some 5000 buses in London 
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are now fitted with transponders, giving priority at 
over 400 junctions. Automatic Vehicle Location 
( A m )  technologies, including Global Positioning 
Systems (GPS) are now being increasingly used for 
bus locatioddetection. 

Extensive surveys in London and Southampton 
have indicated average bus delay savings of 3-10 
seconds per bus per junction, providing an economic 
return of typically 6-18 months (Hounsell, 1996). 
This excludes any modal change which this priority 
might produce. These levels of benefit are modest 
but can be achieved at all signallised junctions (e.g. 
potentially 4000 in London) and at all times of day. 
Benefits can also be achieved with an insignificant 
impact on general traffic, provided an appropriate 
priority strategy is implemented. An interesting pol- 
icy dilemma arises here, as illustrated in Figure l. 
Should we seek to minimise total road user delays, as 
shown by point A, or seek to maximise benefits to 
buses (point B), which might produce significant de- 
lays to other trafic? The latter option would often 
produce nett economic and environmental disbene- 
fits in the short term, but would encourage greater 
modal change to buses which could be better in the 
mediudlong term. In fact, the illustration in Figure 1 
is pertinent to all forms of bus priority where general 
traffic could also be affected. 
The dilemma raised in the previous paragraph is 
drawn into greater focus when considering vehicle 
emissions. This can be illustrated by the example of 
the trial of bus priority at traffic signals in South- 
ampton, which formed part of the ENTRANCE proj- 
ect focussing on energy savings in Transport (rei). 
The bus priority strategies implemented were shown 
to benefit bus operators and passengers by producing 
significant reductions in bus delay and fuel consump- 
tion. For buses all six major pollutants (carbon mon- 
oxide, carbon dioxide, unburnt hydrocarbons, nitro- 
gen oxides, sulhr and particulate matter) were 
reduced by between 13% and 25%. However, be- 
cause of the relatively high priority granted to buses, 

Figure 1. Illustration of Trends in Benefits from Bus 
Priority with Increasing Strength of Priority 

additional delays to car drivers resulted in an overall 
increase in he1 consumption and emissions of all 
pollutants except sulphur, oxides of nitrogen and 
particulates. The net increases were between 3% and 
8% for emissions, while fuel consumption increased 
by 3%. The key point here is that emissions are vehi- 
cle-based so that small disbenefits to the dominant 
vehicle type (usually private traffic) can dominate any 
short-term energy evaluation. 

The bus priority technique described here pro- 
vides a re-allocation of “spare” green time at a junc- 
tion to buses, rather than addressing the problem of 
buses delayed by congestion. In this case, “conges- 
tion management” strategies are required, such as the 
“gating” facility available in SCOOT (Bretherton et 
al, 1998). Gating allows general traffic queues to be 
relocated from links where buses suffer from con- 
gestion to links where there are no buses, or where 
buses can be protected (e.g. by a bus lane). This 
queue relocation is triggered by SCOOT detection of 
congestion and activated by a reduction in green time 
on the gated link(s), which might be just upstream of 
the problem, or many kilometres upstream. Large 
scale gating schemes in Southampton and London 
have offered substantial benefits for buses although 
they do require significant expertise to be set up effi- 
ciently . 

A local form of congestion management for buses 
involves pre-signals and bus advance areas. The 
Shepherd’s Bush scheme was the first of some 15 
schemes now operating in London, where pre-signals 
hold back general traffic to allow buses preferential 
access into a road section where congestion is re- 
stricted by the effects of the pre-signal. 

2.2 Automatic Vehicle Location Applications 

Automatic Vehicle Location (AVL) is being increas- 
ingly installed in bus fleets throughout the world, of- 
ten to provide one or more of the following hnc- 
tions: 
i) Real-time fleet monitoring for improved fleet 

management and scheduling 
ii) The real-time information needed to predict bus 

arrival times at bus stops 
iii) The location hnction for bus priority at traffic 

signals. 
The main methods used in the UK for bus-based 

AVL has been groundlbeacon based systems involv- 
ing the use of bus odometer data relative to the 
known bus route to calculate its location, with loca- 
tional accuracy being improved by the use of road- 
side beacons at set intervals. W l e  this method is 
still widely used in some cities (e.g. London, South- 
ampton), there is an increasing use of satellite-based 
systems, particularly differential Global Positioning 
Systems (dGPS) which can provide a locational ac- 
curacy of 5-10 metres. Both methods of AVL then 
require a communications system ffom the bus to the 
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infrastructure/control centre to provide the fleet 
monitoring and other fiinctions mentioned above. 
Radio communications are often used, with a se- 
quential polling system providing location informa- 
tion for buses typically every 20-30 seconds. A tele- 
phone (land-line) communication system can also be 
used, such as that which is commonly used for cen- 
trallised urban traffic control. 

Urban bus operations can undoubtedly be en- 
hanced through the improved real-time bus manage- 
ment which AVL can provide. In general, however, 
there is evidence from discussions with UK operators 
that these benefits are not being fblly realised because 
of uncertainties as to how best to utilise the AVL 
data. The passenger information fbnction appears 
more straightforward, although the eco- 
nomic/financial benefits are more difficult to estab- 
lish. With a few exceptions, the bus priority fknction 
has largely been underutilised to date. However, sig- 
nificant initiatives are under way, such as the trials of 
selective bus priority in London. 

The architecture for the London system is as il- 
lustrated in Figure 2.  A priority algorithm has been 
integrated with the AVL data to determine what level 
of priority each bus needs at traffic signals, according 
to its time headway to the bus in front. The higher 
the headway, relative to the schedule, the higher the 
priority requested. This request is transmitted to each 
bus at each polling cycle, and it is then communi- 
cated to each downstream traffic signal via a road- 
side beacon. Priority can be locally authorised, or it 
can be under the control of the UTC system. 

The main benefits of selective priority are: 
a, Improved bus regularity 

Reduced passenger waiting times at downstream 
bus stops 
Higher priority can be given without affecting 
other traffic, as fewer buses are given priority 
Buses with higher headways which gain priority 
tend to have higher passenger loadings. 
For the London situation, the benefits of selective 

priority are expected to be as illustrated in Figure 4, 
which has been derived from a simulation evaluation. 
This shows predicted economic benefits of increasing 
percentages of buses given selective priority, ac- 
cording to their headway. For total journey time 
savings, benefits increase fairly linearly as more buses 
gain priority, whereas regularity benefits are maxi- 
mum when about 40% of buses gain priority. Com- 
bined benefits vary little above 40%, so this percent- 
age is a recommended target if regularity 
improvement is the key objective. 

2.3 Camera Enforcement of Bus Priority 

Many bus lanes in the UK suffer from violations 
by general traffic which can reduce their effectiveness 
for buses. ParkingAoading offences can be particu- 
larly disruptive where a traffic queue alongside the 

Figure 3 .  Example of predicted Waiting Time and 
Travel Time Cost Savings for Selective Bus Priority 

bus lane hinders buses from pulling out past the of- 
fending vehicle, although moving violations can also 
cause additional bus delays. London has a significant 
bus lane network and a significant violation problem 
in some cases. This has prompted the development of 
camera enforcement systems to attempt to reduce the 
violation problem and hence improve bus operations. 

Two forms of camera enforcement system are 
being developed and deployed at present. The first 
concerns the use of “standard” Closed Circuit Televi- 
sion (CCTV) cameras which are mounted on poles 
or high buildings for traffic monitoring purposes. 
These have become widespread throughout London 
and can be “remotely monitored” so that vehicles 
violating traffic regulations can be identified (Rogers, 
1996). Camera technology is now sufficiently ad- 
vanced to enable the operator to zoom in on the of- 
fending vehicle and record its registration number 
automatically, together with the surrounding scene 
and context. The owneddriver of the vehicle may 
then be prosecuted/fined and, in the case of parking 
violations in bus lanes, action can be taken to remove 
the offending vehicle. 

The second form of automatic enforcement in- 
volves cameras erected on the footway alongside bus 
lanes and/or cameras fitted to the front of buses, 
which record bus lane violation information on video 
tape or digitally (Turner $: Monger, 1996). For fbr- 
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ther efficiency, the Automatic Vehicle Location sys- 
tem fitted to the buses can be used to activate the on- 
bus camera only when it is within prescribed bus lane 
sections. Trials of this technology have been con- 
cluded successfully in London, and a much wider de- 
ployment is now being rolled out. 

The operational, economic and environmental 
benefits of automatic enforcement clearly depend on 
the extent to which automatic enforcement will re- 
duce the level of bus lane violations, and the impact 
that this will have on operational efficiency. Initial 
analyses and comparisons of effectiveness with other 
enforcement systems are positive, although detailed 
results are not yet available. 

2.4A utomatic Ticketing 

Fare transactions carried out between bus drivers and 
passengers can take considerable time. If boarding 
times can be speeded up by reducing or, better still, 
eliminating the time the driver is involved in fares 
transactions, bus journey times will be reduced, op- 
erating costs could be saved, and buses will cause 
less of an obstruction to other traffic. Some existing 
ticketing schemes reduce boarding time, including 
travel cards (which are valid for different amounts of 
time), pre-paid tickets which the passenger validates 
either just before the journey or whilst boarding the 
vehicle (e.g. Sheffield Supertram), and exact fare 
only buses where the fare is placed in a container and 
checked by the driver. However, automatic ticketing 
systems can achieve hrther reductions in boarding 
time, and offer additional benefits including: 
8) reducing fare evasion by instantly detecting 

i) out of date cards (e.g. monthly passes) 
ii) attempts to travel in areas where the card 

is not valid (e.g. travel zones in London) 
greater flexibility in the fares structure, and 
more accurate records about trip origins and the 
type of fare used. 
Reducing the number of transactions can also 

help, especially where a change of bus is required to 
complete a journey. Through ticketing has become 
much harder to implement in the UK since privatisa- 
tion of public transport has taken place; except in 
London, there are no powers for the local authorities 
to make it compulsory for different operators to par- 
ticipate. Automatic ticketing offers the potential to 
provide a straightforward way of buying a ticket 
which is valid for various routes run by the same op- 
erator and for different operators. 

Automatic ticketing systems are now predomi- 
nantly based on Smartcard technology. Smartcards 
are the size of a credit card and have a programmable 
electronic chip which can store and process informa- 
tion. They can be read and updated if placed within a 
certain distance (usually 10cm) of a reader; this is 
quicker than systems which require the card to be in- 
serted into the reader. There is no doubt that Smart- 

card technology is revolutionising many aspects of 
modern life and that applications of multi-function 
cards, including automatic ticketing, will continue to 
expand. The benefits for bus operations have not as 
yet been widely quantified, but the potential is clearly 
evident and many large-scale schemes are now under 
way. 

2.5 Variable Message Signing 

Variable Message Signing (VMS) in the context of 
this paper refers to roadside signs providing real-time 
information to road users or bus passengers. For bus 
passengers, a rapidly-expanding form of VMS in 
Europe concerns bus stop displays advising the pre- 
dicted arrival times of the next few buses at the stop. 
This application is usually dependent on the installa- 
tion of AVL into the bus fleet, as described in Sec- 
tion 2.2. The COUNTDOWN system in London is 
one example of many installed in European cities. 
Real-time bus arrival information has many benefits 
for bus passengers in its own right, including a per- 
ception of improved bus service even when this does 
not occur. However, it has a limited impact on bus 
operations other than secondary effects on bus pa- 
tronage and, perhaps, improved bus utilisa- 
tiodboarding times. 

The use of VMS for parking guidance and infor- 
mation may also appear not to have a direct impact 
on bus operations, unless the VMS refers specifically 
to bus-based “Park and Ride.” However, secondary 
effects can be either positive, through reduced con- 
gestion for buses due to reduced parking search time 
for motorists, or negative if the parking information 
encourages greater trip-making to central areas by 
private transport. 

VMS is also being used increasingly to provide 
traffic information to motorists in urban areas, par- 
ticularly concerning congestion and incidents. For 
example, London and Southampton each have over 
30 signs installed for this purpose. Any improvement 
which these signs make to traffic circulation in inci- 
dent conditions clearly has a similar beneficial impact 
on bus operations. However, there is also potential 
to use signs such as these to benefit buses more spe- 
cifically. Opportunities for this include: 
i )  The use of VMS to encourage general traffic 

away from congested bus routes. A strategy of 
this sort has already been implemented success- 
fully in Turin, Italy, as part of their integrated 
traffic control functions. 

ii) Providing positive advice on the real-time status 
of bus operations and their advantages relative to 
private traffic. 
Exploitation of opportunities such as these re- 

quires a high level of integration between highway 
and public transport authorities and between compo- 
nent parts of the traffic management system. These 
are challenges yet to be overcome in many cities! 
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3 CONCLUDING COMMENTS 

This paper has illustrated how a range of ITS appli- 
cations can be deployed to improve urban bus opera- 
tions. Each of the applications can produce signifi- 
cant benefits in their own right in the correct 
circumstances. However, circumstances do vary sub- 
stantially between different cities in terms of their 
size, public transport provision and regularity frame- 
work, level of congestion and quality of traffic man- 
agement, to list just a few items. The appropriate 
choice and phasing of ITS implementation is there- 
fore city-specific, but even then decision-making is 
by no means straightforward. A wide range of prod- 
ucts and commercial systems are available for each 
application, offering different hnctionality and cost, 
and the pace of developments in ITS is such that to- 
day’s chosen option could be tomorrow’s redundant 
system if a wrong decision is taken. This points to 
the need for much-improved guidance for city 
authorities in this area - a need which is currently 
being addressed in the UK in a new research study 
(Hounsell & Cheney, 1999). 

Turning to the transport situation in many cities in 
less developed countries, problems related to inade- 
quate planning, provision, management and regula- 
tion of the transport system are often more acute 
than in better developed countries. The installation of 
advanced ITS can then appear to be a very attractive 
proposition to try and generate an advanced trans- 
port system. There will certainly be no shortage of 
companies keen to sell their products or services. 
However, there really is a need for city authorities to 
establish the right basic conditions in their transport 
operations if ITS is to be truly effective; there is no 
point, for example, in installing a sophisticated sys- 
tem for bus priority at traffic signals if the underlying 
dominant problems are congestion, inadequate traffic 
management and inefficiency in bus operations. ITS 
has substantial potential but it is rarely the solution 
to basic transport problems. 
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Quality, a tool for corporate change 
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La calidad: Herramienta de transformaci6n de la empresa 
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ABSTRACT: The "satisfaction measurement" tool is critical when making decisions about what service 
aspects need improving. However, the tool does not pass muster to galvanize the staff around service quality. 
That is why the RATP has developed the CYQ method, serving to define the company's requisite service from 
the customer's standpoint. Service definition encompasses a reference service standard, a level of achievement 
and a threshold unacceptable situations. Service is then measured by determining the percentage of customers 
having benefited from a standard service. This CYQ method has been in effect in the RATP since 1994 and in 
Prague since 1997. This method has spurred major advances in both transit companies and is now prompting 
a radical shift toward a customer-focused company. 

&SUMI?: L'outil "mesure de la satisfaction" indispensable pour decider des aspects du service a ameliorer ne 
suff t  pas pour mobiliser concrktement le personnel sur la qualite de service. C'est pourquoi la RATP a dkve- 
loppe la inethode CYQ. Cette methode consiste a definir le service V O U ~ U  par l'entreprise, avec le regard du 
client, sous forme de service de reference, de niveau d'exigence et de situations inacceptables puis a niesurer 
le service realise en % de clients ayant consomme un service conforme. Mise en Oeuvre a la RATP depuis 
1994 et au rkseau de Prague depuis 1997, la methode CYQ a d'abord permis d'importants progrks daiis ces 
deux entreprises et suscite inaintenant uii changenient radical vers l'entreprise centree sur le client. 

RESUMEN : La herrainienta "medicion de la satisfaccion" indispensable para decidir 10s aspectos del 
servicio a inejorar no basta para movilizar concretamente a1 personal en cuanto a la calidad de servicio. Es por 
ell0 que la RATP ha desarrollado el metodo CYQ. Este metodo consiste en definir el servicio deseado por la 
empresa, con la vision del cliente, con la forma de servicio de referencia, de nivel de exigencia y de 
situaciones iiiaceptables y luego en medir el servicio realizado en porcentaje de clientes que han consuinido 
un servicio conforme. A1 haber sido impleinentado en la RATP desde 1994 y en la red de Praga desde 1997, 
el metodo CYQ ha permitido ante todo realizar progresos importantes en estas dos enipresas y suscita hoy en 
dia uii cainbio radical hacia la empresa centrada en torno a1 cliente. 

1 INTRODUCTION 

Nous voulons tous ameliorer le service offert a nos 
voyageurs, nous voulons que tous les agents de l'en- 
treprise contribuent a cette amelioration du service, 
inais au-del8 des discours "orieiites-client", comment 
inobiliser concr6tement le personnel sur la qualitk de 
service ? Comment en faire uiie priorit6 quotidieniie 
de l'entreprise ? 

L'evolution vers l'entreprise "centree-client" passe 
par la niise au point d'outils mobilisateurs, acceptis 
par l'entreprise et porteurs de changenient. La ink- 
thode CYQ (Cycle de la QualitC), developpee a la 
RATP et a Prague est l'un de ces outils qui stiniulent 
le changement dans l'entreprise. 

2 UN CONSTAT : LES LIMITES MANAGE- 
RIALES DES ENQUETES DE SATISFACTION 

On a coutuine de dire qu'il n'y a pas de progrtts 
sans mesure. C'est vrai, mais a condition qu'il existe 
un lien fort et niobilisateur entre l'action des agents 
producteurs du service et les resultats de la inesure. 
Or, ce lien fait souvent defaut dans les enquetes de 
satisfaction : 

Le client s'exprime plus sur un vecu global que 
sur uiie situation deliinitke. 

S'agissant de consoinmations de services tres 
repetitifs, comme l'usage d'une ligne de metro, l'ex- 
perience niontre que le client a du inal a isoler dans 
son jugeineiit une experience singulittre, et c'est 
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souvent un jugement global portant sur plusieurs 
voyages, sur plusieurs lignes qu'il restitue. 
o La satisfaction sur un critkre peut 6tre influencee 
par des variations d'etat sur d'autres critkres 

C'est l'effet de halo bien coimu dans les enqu6tes 
de satisfaction. L'annonce d'une augmentation de 
tarif conduit a un jugeinent plus critique sur l'accueil 
ou la proprete ! Des facteurs non maitrises locale- 
nient viennent modifier l'expression de la satisfac- 
tion sur le service rendu. 
o Les variations de satisfaction expriment aussi les 
variations du cadre de reference 

Dans les grandes agglomkrations, par exemple, 
l'arrivee d'une premikre ligne de Metro ou de 
Tramway se traduit par des niveaux de satisfaction 
exceptionnellement Cleves. Ces niveaux ne peuvent 
que baisser lorsque ces nouveaux modes se 
banalisent. 
o Dam ces conditions, les efforts d'une equipe, 
leurs actions d'amelioration du service, ne se 
traduisent pas obligatoirement dam l'expression de 
la satisfaction du client. Dks lors, comment espirer 
animer une dkniarche qualite locale avec uiie mesure 
insensible aux actions des agents ? 

Au-dela de ces difficultes d'ordre methodo- 
logique, il est un autre problkme : nous ne pouvons 
pas, nous ne voulons pas satisfaire toutes les attentes 
des clients. NOW ne pouvons donc manager avec 
pour seul slogan "il faut satisfaire les clients". 

NOUS ne pouvons pas nous passer de definir et de 
faire partager a toute l'entreprise le service que nous 
voulons rendre. 

3 UN CADRE THEORIQUE : LE MODELE CYQ 

Decrivons rapidement le Cycle de la Qualite, et nous 
en exaiiiinerons rapidenient quelques consequences 
en matikre de management. 

Ce schema positionne les deux univers que sont 
celui des clients et celui de l'entreprise. Parcourons- 
le rapidement a partir de la "qualite attendue". 

M6me lorsque nous croyons connaitre les attentes 
de nos clients, les identifier, les mettre en forme est 
un exercice qui nous conduit a adopter la logique du 
client, a voir notre travail, notre service avec le 
regard du client.& changement de "point de vue" 
n'est pas facile, car il remet en cause notre propre 
logique d'approche de la situation, celle qui est or- 
ganisee, structuree par nos problemes, nos preoccu- 
pations quotidiennes, nos responsabilites. 

Apprendre a adopter le regard de l'utilisateur sur 
nos activites est la premiere etape de toute deniarche 
qualite de service. 

La deuxienie etape-cle de la demarche est la 
definition de la "qualite voulue". La qualite voulue 
est definie non seulement en fonction des attentes 
des clients mais aussi en fonction de ce que l'on 
peut, de ce que 1'011 veut faire. Dkfinir la qualite 
voulue est un acte niajeur de la Direction de 
l'entreprise. 

Cette qualite voulue, nous devons apprendre a la 
definir, la decrire dans la logique du client. en terine 
de resultat attendu pour le client. 

Apprendre a exprimer nos projets, a definir notre 
service en terme de resultat attendu pour le client. 
est la deuxieme etape-cle de cette demarclie qualite. 

Notre performance peut alors se mesurer par 
l'kcart entre la qualite voulue et la qualite rialisee, 
entre le projet et la rkalite. 

Quelques exemples, pour illustrer a quel point 
cette mesure de la "conformite du service client" 
peut 6tre diffkrente des mesures habituelies de pro- 
duction ou d'exploitation. 

Nous avons tous vu un autobus vide suivre un 
autobus trop plein. Indicateur d'exploitation : taux de 
charge = 50 %. Et pourtant, ce sont bien 100 YO des 
clients qui sont transportes dam des situations inac- 
ceptables ! Le service rendu en terme de charge ne 
saurait donc se traduire par un taux nioyen de charge 
mais bien par le nombre ou le pourcentage de voya- 
geurs transport& dans des situations conformes. 

De meme, le taux de disponibilite technique d'un 
escalier mecanique ne nous renseigne qu'inipar- 
faiternent sur le service offert aux voyageurs : m e  
heure de panne a 18 11 dam une station centrale ne 
peut 6tre comptabilisee coinme une heure de panne a 
23 h dam une station deserte ... C'est pourtant ce clue 
l'on fait si l'on ne s'intkresse qu'a la disponibilite 
technique des appareils. 

Apprendre a mesurer le service offert aux voya- 
geurs et non nos performances techniques est le 
troisienie objectif essentiel de notre deniarche 
quali te. 

4 QUELLE MESURE DE LA QUALITE ? 

Inspirons-nous simplenient de ce qui se passe dans 
le domaine des produits industriels. 
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I1 n'est pas possible de difinir la qualitk d'un pro- 
duit independaminent de l'utilisation qui peut en Etre 
faite. Ce n'est que par rapport a m e  specification, 
une "qualite voulue", que l'on pourra mesurer les 
caracteristiques du produit et savoir s'il est ou non 
conforme au cahier des charges, et a son usage. I1 en 
va de mEme pour les services. 

Nous ne savons pas mesurer dans l'absolu la 
qualite d'un service de metro mais si nous avoiis 
defini ce que nous appelons un service de reference, 
nous pouvons savoir si uii service particulier est ou 
n'est pas conforme a ce service de reference. 

De mEme que la qualitk de la cliaine de produc- 
tion peut se mesurer par le pourcentage de produits 
conformes, de mkme la qualitk de la production d'un 
service peut se mesurer par le pourcentage de 
services conformes. 

Mais, n'oublions jamais qu'un autobus vide, 
m k m e  a l'heure, ne rend aucun service, et qu'un 
autobus transportant 50 personiies rend 50 services. 
L'unitk statistique de mesure de la conformite du 
service ne peut donc 2tre l'unite de production du 
service mais le client bknkficiaire du service. 

5 LE "STANDARD DE SERVICE" 

L'experience nous a conduit a definir le service par 
trois dimensions : 

le service de reference, qui caracterise le service 
mina! que nous voulons rendre. Par exemple : 

attendre le Metro moins de 3 minutes a l'heure de 
pointe. 

le niveau d'exigence, qui caracterise le degrk 
d'exigence avec lequel nous voulons atteindre le 
service de reference. Par exemple 97 % des clients 
attendent le Metro moiiis de 3 minutes a l'heure de 

iiite. 
uii seuil d'inacceptabilitk, qui caracterise les 

situations inadmissibles. Par exemple : attendre le 
Metro plus de 10 minutes a l'heure de pointe. 

6 L'EXPERIENCE DE LA RATP : QUELQUES 
EXEMPLES DE "STANDARDS DE SERVICE" 

Accueil au guicliet 
80 % des "accueils stations" ont une note d'evalua- 
tion superieure a 16/20. Cette note resulte d'une 
enqukte par client mystere qui permet d'evaluer 
l'accueil tant sur les aspects physiques (guichet 
reyirable, vitres nettes, etc.), que comportementaux 
(agent disponible et courtois, agent efficace, etc.). 
L'accuei! est inacceptable si la note est inferieure a 

120. 
Regularit6 du Metro : 

98 % des voyageurs attendent "normalement la 
raiiie". L'attente est considiree comiiie "normale" 
lorsque les voyageurs attendent moins de 3' aux 

heures de pointe, moins de 6' en heures creuses et 
inoins de 10' en soiree. 

L'attente est consideree coinnie inacceptable si le 
voyageur attend le metro plus de 15' (ce seuil est 
ramene a 10' a l'heure de pointe). 

Regularit6 du RER 
% des voyageurs arrivent a l'heure ou ont un 

retard a l'arrivke inferieur a 5 ' .  
Le service est inacceptable si le voyageur a un 

retard a l'arrivee superieur a 15'. Ce seuil est porte a 
30' apres 2 1 lieures. 

98 % des voyageurs attendent "nornialement la 
rame" . L'attente est consideree coninie "normale" 
lorsque les voyageurs attendent moins de 3' aux 
heures de pointe, moins de 6' en heures creuses et 
moins de 10' en soiree. 

L'attente est consideree comme inacceptable si le 
voyageur attend le metro plus de 15' (ce seuil est 
ramene a 10' a l'heure de pointe). 

Dam les situations les plus dkfavorables, c'est-a-dire 
a l'heure de pointe et sur !'interstation la plus char- 
gee, 75 % des voyageurs se trouvent dam un bus ii 
charge normale (inferieure ou egale a 4 voyageurs 
debout au metre carre). 

Le service est inacceptable si plus de 35 %O des 
voyageurs se tassent dam un bus de charge 
anormale. 

Sur l'ensemble des standards de service d'entre- 
prise, la cible a trois ans est de-tinie dam le plan 
d'cntreprise. Chaque departement definit les etapes 
interniediaires. 

Les enquetes triniestrielles perinettent de mesurer 
l'icart par rapport aux objectifs. Ces resultats, coin- 
muniquis localenient, -par ligiie de metro ou de 
RER, par Centre BLIS-, sont presentes trimestrielle- 
ment dans lc tableau de bord de la Direction et du 
Conseil d'Administration de l'entreprise. 

Fonctionnement des Escaliers Mecaniques 

Confort dam le Bus 

7 L'EXPERIENCE DE. PRAGUE : QUELQUES 
EXEMPLES DE STANDARDS DE SERVICE 

Information 
e L'information aux Stations de Metro, Arrtts 
Bus et Tram : 
90 % des voyageurs attendent daiis des stations ou 
des arr2ts dont les informations &rites soiit 
conformes* . 

Situation inacceptable : Remise en conformite 
supkrieure a 2 jours apres le signalement (ce seuil 
est porte a 6 jours pour les arrEts de bus qui ne 
sont pas en correspondance avec le metro). 
Information dam les Tram et daiis les Bus : 

95 % des voyageurs sont traiisportes daiis des 
vehicules dont les informations sont conformes"". 

Situation inacceptable : Remise en conformite 
superieure a 2 jours apres le signalement. 
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@ Pour etre conforme l'information doit etre 
compl$te, a jour, lisible et en bon etat. 

Tenue : 
'3'0 des agents en contact avec le public portent 

une tenue conforme* et ont une presentation 
ginerale correcte. 
e La tenue conforme est dkfinie dans une charte 

d'habillement. 
Situation inacceptable : 

. L'agent est en civil ou combine la tenue avec des 
vktements civils. 

llure debraillee. 
RegulariteIPonctualite (Metro, Tram et Bus) 

es voyageurs sont transportes dans des vehicules 
quittant le terminus et les arrets ou stations a 
l'heure". 

. 0 + 179 secondes pour les arrets en station. 

. 0 + 59 secondes pour les terminus. 

. 95 9'0 pour le metro 

.75  % pour les Tram et les Bus 
Iiiacceptabilite : 

. Avaiice superieure a 2 minutes et retard superieur a 
6 minutes pour les arrets et stations. 
. Avance superieure a 1 iniiiute et retard superieur a 

Accueil dans les stations de metro, aux guichets 
de vente de titres de transport et dans les centres 
d'inforination : 
90 9'0 des accueils sont conformes sur les aspects 
suivants decrits dans la grille de mesure : 
. Courtoisie et attitude de service. 
. Proprete, rangenient et ambiance des lieux. 
. Informations precises. 

. Non respect des horaires d'ouverture. 

. Expression discourtoise. 

. L'agent ignore le client pendant au nioiiis 
20 secondes. 

* A l'heure = 

Niveau d'exigence : 

minutes pour les departs aux terminus. 

Iiiacceptabilite : 

8 PERSPECTIVES 

Cette approche est l'ossature : 
d'une norme experimentale franqaise sur le trans- 

port de voyageurs. Pour que le service ainsi defini 
puisse faire l'objet d'une certification, la reglementa- 
tion franqaise impose que le referentiel de service 
soit defini en parteiiariat eiitre : les autorites organi- 
satrices, les associations de consommateurs, et 
l'entreprise de transport. Ce debat trois sur la 
definition du "service voulu" est particulierement 

d'un projet de norme Europeenne sur le transport 
cond. 

de voyageurs. 

9 CONCLUSIONS 

Cette demarche est un puissant levier de changeineiit 
vers l'entreprise centree client qui a de multiples im- 
pacts managtriaux, en particulier : 

emergence de partenariats internes : par exemple, 
ploitants et inainteneurs sont co-acteurs et co- 

responsables du resultat "pour le client" des escaliers 
mecaniques ou des distributeurs de billets. 

emergence de nouvelles logiques d'exploitation : 
la pratique de regulation visant a minimiser le 
nombre de clients "en retard" ne sont plus celles qui 
avaient pour objectif la remise a l'heure des trains . 

evolution de l'organisation : par exeniple l'organi- 
sation de l'intervention sur les distributeurs autonia- 
tiques de billets est plus performante en periode de 
vente d'aboimemeiits que le reste du mois, car c'est a 
ce moment 18 que le iiombre de clients genes par uii 

sfonctionnenient est plus important. 
relations manageriales plus adultes : le debat 

erarchique sur la qualite du service lie repose plus 
sur des impressions ou des a priori iiiais sur des 
mesures objectives de resultats. 

la formation sur les conteiius des metiers peut Etre 
plus ciblee sur le service a rendre objectiveinent 
defini (par exeniple pour l'accueil). 

Cette approche redoniie tout son sens aux metiers 
de service en defiiiissaiit leur coiitenu en terme de 
resultat-client. 
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ABSTRACT: In large cities, where numerous public transport operators provide service to a key sector of the 
population, the integration of routes, schedules and fare arrangements is essential. This paper reviews past 
integration efforts in Santiago, Caracas, San Francisco and Vancouver, analyzing their implementation and 
suggesting new strategies that will improve both operator and passenger satisfaction. 

RESUME: Dans les grandes villes oti de nombreuses entreprises publiques de transport desservent une grande 
partie de la population, l’intkgration des routes, des horaires et des tarifs de transport est indispensable. Ce report 
revise les efforts passkes d’intkgration ii Santiago, Caracas, San Francisco et Vancouver; il analyse leurs 
rkalisations et suggkre des nouvelles stratkgies en vue d’amkliorer la satisfaction des passagers et opkrateurs. 

RESUMEN: En las grandes ciudades, donde varios operadores del transporte p6blico prestan servicio a un 
importante sector de la poblaci6n, la integracih de rutas, horarios y tarifas es esencial. Esta ponencia revisa 10s 
esfuerzos que se han hecho para integrar servicios en Santiago, Caracas, San Francisco y Vancouver, analizando 
su implantaci6n y sugeriendo nuevas estrategias que mejoren la satisfaccih de 10s operadores y usuarios. 

1 INTRODUCTION 

In cities throughout the world, public transport offers 
an efficient and economical form of travel. In large 
cities, where often, numerous public transport 
operators provide service to a key sector of the 
population, the integration of routes, schedules and 
fare arrangements is an essential element of a 
sustainable urban environment. In order to reduce 
wasteful duplication of services and provide a viable 
alternative to the private vehicle, public transport must 
not only improve reliability, comfort and in-vehicle 
travel time, but also reduce transfer times and improve 
ticketing arrangements for the vast number of 
individuals that rely on more than one transport mode 
to travel from origin to destination. 

While much has recently been written on public 
transport integration in Europe (Pucher and Kurth 
1996) and in the United States (Schumann 1997), few 
studies have compared integration issues between 
industrialised and developing countries. In an attempt 
to identify some of the key factors limiting the 
integration of public transport services in cities 

throughout the Americas, this paper reviews past 
integration efforts in Santiago, Caracas, San Francisco 
and Vancouver. While these cities have made 
significant investments in the development of 
underground rail systems, each has approached the 
issue of integration differently, based on a diverse set 
of political, regulatory and structural factors. Research 
in this area could provide insights into the inherent 
limitations each system faces with respect to system 
coordination. 

The key objectives of this paper are to identify these 
approaches, analyze the factors affecting their 
implementation and suggest new strategies that will 
improve both operator and passenger satisfaction. It 
will review the role of public transport integration in 
the efficient movement of passengers, highlighting 
different forms of public transport ownership and 
regulation. Next, it will describe the public transport 
network in each city, review past integration schemes, 
and point out the strengths and weaknesses of each 
approach. Finally, this paper will draw conclusions 
concerning public transport, and will suggest strategies 
for improving long-term system integration. 
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2 AN OVERVIEW OF INTEGRATION 

Public transport integration is an important element of 
any network. While many systems strive to serve trip 
origins and destinations, i t  is unrealistic to provide 
direct service between all points and some interchange 
is inevitable (London Transport Planning 1997). In 
order to adequately serve a high volume of passengers 
passing through a point of interchange, it is important 
to provide key services, such as close coordination of 
timetables across modes, and barrierless or “free- 
body” transfers (Cervero 1998). 

Interoperator integration can effectively expand the 
range of options available to the traveller. The 
improvement of intermodal connectivity provides for 
better mobility and economic efficiency. Commuters 
spend less time traveling, and not only save time and 
money, but also contribute less to urban congestion 
and pollution. While time savings is of primary 
interest to middle and high-income urban residents, 
cost savings is critical to the survival of low-income 
residents (since a higher percentage of their wages are 
spent on transport). Consequently, public transport 
must be coordinated so that the transferring passenger 
only pays once; routing and headways facilitate the 
transfer of passengers; and interchange facilities are 
kept clean and safe (Rivasplata 1993). 

It is important to note that there are different forms 
of integration between operators, requiring varying 
levels of operator and/or public investment. Logically, 
under optimal conditions, the more integrated the 
system, the greater the potential for significant cost 
and time savings for the passenger. For example, 
physical integration, the most common and least 
expensive form of coordination, involves establishing 
transition points between systems (Henry 1990). 
While this contact is essential, without some form of 
fare integration (e.g., transfer arrangements normally 
financed by participating operators and/or the 
government), passengers niay be inclined to drive 
rather than spend time waiting. In addition, 
informational integration is key to the transport 
marketing, while institutional integration ensures 
ongoing planning and investment in interoperator 
facilities. The greatest benefit to the passenger will 
occur where all forms of integration are offered. 

Service coordination establishes the conditions 
necessary for two or more operators to develop fare 
and scheduling arrangements that offer significant cost 
and time savings to the passenger. In such urban areas 
as London, Paris and the Rhein-Ruhr, comprehensive 
transfer systems have been developed for 
multioperator journeys. In addition, many urban rail 
systems in Europe and the U.S. now feature the proof- 

of-payment, or “honour system” (Nash 1988). 
Nevertheless, it should be noted that the specific 
organisational and regulatory characteristics of an 
urban area often inhibit widespread integration. 

In a deregulated or privatised environment, regional 
transportation planning is often not conducted on an 
ongoing basis, leaving operators to incur many of the 
costs associated with integration (e.g., ticketing, 
scheduling). In cities where a majority of the bus 
market has been privatised, widespread accessibility 
and system connectivity are jeopardised if fares, routes 
and schedules are not monitored on an ongoing basis. 
In contrast, in cities where services are owned and 
operated by independent districts, transport operators 
are often called upon by the public to integrate services 
with other providers. 

According to Nash, one of the necessary conditions 
for establishing an integrated system is the existence of 
an autonomous, metropolitan authority that can 
identify and propose a set of integration standards for 
public transport (Nash 1988). When establishing a set 
of intermodal transport objectives this authority must 
balance the interests of the operators with the needs 
and expectations of the public transport passengers. 
Indeed, it is essential that regional coordination policy 
be designed to preserve operator competitiveness and 
integrity; and to satisfy demand for transfer services. 

In the developing world, it is important that 
comprehensive transport plans propose policies and 
financial support for public transport coordination, 
however, it is also important that national authorities 
recognise the importance of these services, and that 
service plans incorporate the needs and desires of the 
passengers, operators and local communities. 

3 THE CASE CITIES 

Each of the case cities has attempted to develop a 
comprehensive network of public transport services to 
facilitate urban mobility and promote land use 
coordination. All four metropolises are characterized 
by a dense urban core and a sprawling hinterland. This 
section briefly describes each metropolitan area, its 
network of public transport services and past efforts to 
improve integration in key markets. 

3.1 Santiago 

Santiago, the capital of Chile, is located at the northern 
end of Chile’s Central Valley, 105 kilometres southeast 
of Valparaiso. Currently, this metropolis of five 
million accounts for one-third of the nation’s 
population and is the financial, social and political hub 
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of Chile. Greater Santiago comprises an area of more 
than 500 square kilometers (Sectra 1992). 

The average population density of Greater Santiago 
is approximately 100 persons per hectare (see Table I ) ,  
however, densities vary between districts. This pattern 
of development has resulted in high average trip 
lengths and long public transport journeys. Disparities 
in urban density have been compounded by 
decentralisation, resulting in a rise in auto ownership 
throughout the region. Despite the predominance of 
public transport, there has been a marked increase in  
auto usage, particularly in high-income communities. 

Presently, the public transport network consists of 
privately-operated buses, a heavy rail (metro) system, 
numerous shared taxi services and a suburban segment 
of the state railway system. The entire network carries 
over three million daily passengers, 80 percent by bus 
and 14 percent by rail. Most services extend out from 
the downtown to outlying suburban areas. 

While public transport integration was initially an 
objective of the 1968 urban transport report that 
recommended construction of the Metro (BCEOM- 
SOFRETU-CADE 1968), once the first line was built, 
the military regime advocated a policy of transport 
deregulation that ultimately discouraged coordination 
among operators. It was the Santiago Metro that first 
introduced formal integration. 

Since 1987, it has operated a Metrobus program 
that encompasses a series of bilateral agreements 
between the Santiago Metro and individual private bus 
operators to provide integrated feeder services at 
designated Metro stations. While this program has 
provided cost and time savings to passengers, its scope 
is somewhat limited and in the early 1990s, i t  carried 
less than 3 percent of all intermodal passengers 
(Cedano and de Freitas 1994). Similarly, the Metro 
reached an agreement with the Chilean State Railway, 
to coordinate timetables with regional train service. In 
addition, limited integration was developed between 
the Metro and a private trolleybus line in the 
downtown, however, due to financial difficulties, the 
trolleybus line closed operations a few years later. 

While both democratic governments of the 1990s 
have re-regulated many services in Greater Santiago, 
very little has been done to encourage further 
integration between buses and between modes. 
Consequently, in most cases, only physical integration 
has been offered. Thus, government has delayed 
setting policy on public transport integration; for 
instance, in its 1995-2010 plan, the regional Transport 
Infrastructure Planning Commission (Sectra) set fare 
integration as a goal for 2005, but did not outline an 
action plan (Sectra 1995). 

Table I .  Case Ciries: Urban Characteristics, Early 1990s 

Indicator Santiago Caracas S.F. Vncvr. 

Population 
(in millions) 

Density 
(per ha.) 

Daily Trips 
( i n  mi 11 ions) 

Work Trips 
(in millions) 

Mode Split 
(perccti t) 

Auto 

Public 
Transport 

Walk 

Other 

4.6 

100 

8.4 

3.0 

17 

56 

20 

7 

3.2 

200 

7.0 

I .9 

34 

50 

16 

0 

6. I 

25 

18.1 

4.4 

81 

6 

10 

3 

1.8 

9 

4.0 

0.8 

83 

9 

8 

4 
Sources: Sectra 1992; Morais 1995; MTC 1994; GVRD 1993. 

3.2 Caracas 

Caracas, located in a valley south of the Caribbean 
Sea, is the capital of Venezuela. Presently, more than 
3 million residents live in the Caracas Metropolitan 
Area, a region surrounded by mountains on all sides. 
As principal city of a petroleum-exporting country, 
Caracas concentrates a large proportion of the 
country's wealth and has attracted many immigrants 
from other parts of the world (Florez, 1997). 

Nearly 7 million daily trips are made in Caracas 
(Morais 1995), half of them by public transport, a third 
by private automobile and the remainder on foot (see 
Table 1). While Caracas has one of the highest auto 
mode shares in Latin America, the public transport 
network still carries half of all trips. 

The Caracas public transport network consists of 
four principal modes: a three-line heavy rail metro; 
"por puestos," privately-run paratransit vehicles of 18 
to 32 seats; 'Ijeeps," privately-operated, dual-traction 
vehicles of up to 12 seats that serve communities in the 
surrounding hills; and a conventional bus system, 
consisting of the Metrobus fleet and numerous private 
operators. CAMetro operates the Metrobus system as 
a feeder for its Metro operation, extending its 
catchment area beyond the immediate surroundings of 
the stations (Rivasplata and Florez 1998). It sells an 
integrated Metroh4etrobu.s ticket at a price slightly 
above the Metro ticket price. 

While the Metro and Metrobus offer premium 
public transport service to middle-income residents, 
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the por puestos and jeeps primarily provide flexible 
services to low-income groups (Tobia 1990). Due to 
the success of por puesto associations, the privately- 
owned, fixed-route bus system has continued to 
decline in importance. In contrast, the Metrobus 
system, which covers only 50 percent of its operating 
costs through fare box revenues, is heavily subsidized 
by the government (Iriarte and Ocafia 1994). 

Despite the integration of Metro and Metrobus 
services, surveys have shown that more than 80% of 
all multi-operator trips are through “informal 
integration,” i.e., fare and route integration are not 
available (Cedano and de Freitas 1994). Most of these 
informal connections are between por puestos and the 
Metro, however due to the uncertainty of routing and 
the competitive approach por puesto operators, 
institutional integration has been problematic. 

Thus, while an integrated MetroMetrobus system 
offers reliable services to a key sector of the 
population, further integration is hindered by the lack 
of regionwide planning and a legal framework for 
coordinating services across municipal and state 
boundaries. In turn, this has resulted in predatory 
practices on the part of informal operators and fierce 
competition between the Metro and these modes 
(Ocafia and Guilarte 1994). 

3.3 San Francisco 

The nine-county San Francisco Bay Area is located on 
the west coast of California, 550 kilometres northwest 
of Los Angeles. Currently, it is the fourth largest 
urban region in the United States, with more than 6 
million inhabitants (see Table 1). 

While the City of San Francisco continues to be the 
financial and cultural centre of the Bay Area, the 
region has witnessed significant growth in the past 
three decades, primarily in suburban areas, where new 
centres of economic activity have emerged. This 
growth has altered regional travel patterns, prompting 
the expansion of highways and suburban bus systems. 

Despite regionwide growth in motorisation, the Bay 
Area still has a comprehensive public transport 
network that features bus, cable car, a five-line heavy 
rail metro (BART), light rail, regional rail and ferry. 
More than 25 operators serve the Bay Area, 
collectively transporting 1.5 million daily passengers, 
70 percent by bus and 29 percent by rail. 

Since the 1970’s, the Metropolitan Transportation 
Commission (MTC), primary regional transport 
agency for the region, has encouraged interoperator 
integration. Initially, completion of the BART system 
and the creation of local public transport agencies 
prompted MTC to identify rail stations exhibiting a 

high demand for transfers. However, until recently, 
the regional agency had few financial resources with 
which to help operators fund integration projects. 

In the past ten years, efforts have focused on 
financing the establishment of regional interchange 
facilities; the coordination of schedules between 
operators; the provision of a single source of public 
transport information (via telephone and the Internet); 
and the implementation of a regional fare instrument 
based on smart card technology (TransLink). 

In addition, the California Legislature approved 
Senate Bill (SB) 1474, supporting the improvement of 
public transport integration for the purposes of 
increasing customer satisfaction and achieving a cost- 
effective network of transport services. This bill 
directs the MTC and regional operators to consolidate 
functions that will “enhance service integration in 
corridors of regional significance.” It authorises the 
MTC to withhold state funding from any operator 
unwilling to cooperate in regional integration efforts 
(MTC 1998). 

Currently, much of MTC’s attention has been 
directed towards initiating the TransLink 
Demonstration in October, 2000. This project has 
generated widespread interest as it introduces a 
contactless, regional fare card for public transport in 
the Bay Area. Clearly, it could have positive 
implications: increased ridership, faster boarding 
times, broader coverage and shorter travel times. In 
addition, on-board data will provide planners with 
current travel data. Current plans call for six operators 
to participate in the demonstration; if successful, full 
deployment could be completed by 2003. 

3.4 Vancouver 

The Greater Vancouver Region is located in the 
extreme southwestern corner of mainland Canada, 
3,350 kilometres west of Toronto. Currently, there are 
almost 2 million residents living in the area, making it 
the third largest metropolis in Canada (see Table 1). 

In the past 30 years, Vancouver has seen a shift in 
focus from a wood and textile-exporting seaport on the 
Pacific Coast to a key commercial and financial centre 
serving the Pacific Rim. 

In the 1970s, local residents began to voice their 
concerns regarding future growth in the region and the 
potential impacts that a rise in motorisation could have 
on the quality of life. The Greater Vancouver 
Regional District (GVRD) worked closely with local 
authorities and the public to develop a “Livable 
Region” Plan for directing future growth. 

Subsequent revisions to the Plan emphasized the 
need to preserve the local environment, promote 
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intercultural ties, and improve accessibility through the 
establishment of transport-oriented subcentres (GVRD 
1996). Subsequent documents highlighted the region’s 
dependence upon urban transport for the movement of 
goods and people, and the need for greater mode 
choice (GVRD 1993). The GVRD Plan proposes 
coordinating interchange facilities at the suburban 
subcentres and the downtown.. 

Presently, Greater Vancouver’s public transport 
network features four principal modes: bus, light rail, 
ferry and regional rail. Regional integration has been 
reinforced by GVRD policies: the regional fare system 
is fully integrated and a time-based transfer is provided 
for single journeys. In addition, bus service feeds line 
haul rail systems. 

In contrast to the other cases, Vancouver’s public 
transport system has been operated by a single entity: 
BC Transit. However, in 1998, the Auditor General of 
the province found the regional operator to be 
unresponsive to passenger complaints (e.g., regarding 
delays and overcrowding), and recommended that it be 
reorganised. It was recently replaced by the Greater 
Vancouver Transit Authority (GVTA). 

This new agency is responsible for providing 
public transport and all other transport services (e.g., 
roads), and has been granted taxing authority by the 
province to fund needed projects through the use of 
property taxes and the levying of a petrol tax. It will 
eventually transition public transport operations to at 
least four subsidiaries, each in charge of a single 
mode, in an attempt to effectively tailor services to 
demand. Once area transit plans have been developed, 
the GVTA will provide regional integration through 
the implementation of service agreements. 

It appears that the GVTA’s major challenge will be 
to ensure easy access between modes. It is important 
that regional integration not be compromised by a 
reorganisation of services, an objective supported by 
passengers and labour unions. 

4 ASSESSING THE IMPACTS OF INTEGRATION 

A brief analysis of the four cases shows that each city 
has had a varying degree of success in the expansion 
of public transport integration (see Table 2). Where 
operator coordination has been established, services 
have been dependable insofar as they have provided 
physical and economic incentives that outweigh the 
costs associated with transferring from one vehicle to 
another. Where integration has not been introduced, 
significant time, security and comfort penalties have 
often dissuaded passengers from making interoperator 
trips. In addition, the poor quality of some road and 

Table 2. Case Cities: Levels of Integration, 1999* 

Integration Santiago Caracas S.F. Vncvr. 

Bus-Bus P: high P: high P: med. P: med. 
F: none F: none F: med. F: high 
I: none I: none I: med. I: high 

Bus-Rail P: high P: high P: high P: high 
F: low F: med. F: high F: high 
I: low I: low I: high I: high 

Bus-Other P: low P: low P: med. P: med. 
F: none F: none F: med. F: low 
I: none I: none I: high I: low 

Rail-Rail P: med. Non- P: med. P: med. 
F: high Existent F: med. F: med. 
I: high I: med. I: med. 

Rail-Other P: high P: med. P: med. P: high 
F: none F: none F: low F: high 
I: none I: none I: low I: high 

* Types of Integration: P=Physical, F=Fare, I=Institutional; 

Sources: Cedano and de Freitas 1994, GVRD 1998. 
Levels of Integration: none, low, medium, high 

street networks lengthens journey times, effectively 
discouraging many from travelling on public transport. 

In the area of fare integration, both Vancouver and 
San Francisco feature permanent interoperator transfer 
arrangements that provide significant savings to 
passengers. In addition, the San Francisco Bay Area is 
currently developing a smart card that will facilitate 
regional public transport journeys and reduce boarding 
times. Santiago and Caracas also feature integrated 
Metro/Metrobus tickets, but these only reach a small 
percentage of transferring passengers. 

Institutional integration is probably the strongest in 
Vancouver due to the fact that a single entity has 
historically made important advances in the provision 
of intermodal coordination, passenger information and 
station signage. Similarly, San Francisco has made 
important advances in the past few decades, but is 
subject to the limitations of county jurisdictions and 
SB1474. The Caracas Metro has acquired public 
subsidies with which to operate its Metrobus service, 
but there is no regional authority to ensure widespread 
integration. Finally, Santiago, has not expanded its 
formal integration to include all operators due to lack 
of interest on the part of private bus operators, who 
receive little incentive from government. 

Thus, regardless of whether the public transport 
market is privatised or not, unless some form of 
cooperation is achieved at the regional level, most 
operators will continue to allocate time and resources 
to the improvement (andlor consolidation) of their own 
services. 
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5 CONCLUSION 

Past experience in public transport planning has shown 
that it is most cost-effective to satisfy the greatest areas 
of demand and to encourage some integration. Indeed, 
many of the world's cities have restructured public 
transport service to feed rail lines or express buses, 
and some regional authorities have even established 
traveller information systems, provided service 
reliability at interchange facilities and encouraged 
operators to offer discount ticketing. 

In order to improve efficiency and reduce travel 
times, an autonomous authority should be charged 
with developing a set of integration objectives (as part 
of a regional mobility plan). Integration should be 
promoted as a tool for improving service and a 
regional needs assessment should be completed. 

In its efforts to encourage better provision of public 
services, secure project funding for integration and 
improve linkages between interchange facilities and 
surrounding land uses, the regional authority should 
explore the following strategies: 

1. regulation by a single entity and enforcement of 
a set of minimum standards for integration; 

2. provision of operator incentives encouraging 
cooperation in regional integration schemes; 

3. acquisition of private sponsors to maintain 
interchange facilities and provide information; 

4. introduction of surcharges on private auto 
registration to fund integration projects; 

5.  coordination with land use planners, developers 
on the location of interchange facilities. 

This paper concludes that each city must define its 
long-term transport objectives and establish criteria for 
developing a network of interchange facilities. At a 
minimum, integration should facilitate transfers, 
improve links between the urban core and suburban 
areas and promote the development of complementary 
land uses in the surrounding area. In addition, it 
should provide iiccess and safety to all transferring 
passengers, and urban amenities to the general public 
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Optimal solutions and financing funds for public transport in Bucharest 

V. Beldean, YCiugudean & E.Coroiu 
S. C. Metroul SA., Bucharest, Romania 

ABSTRACT: The paper discusses in brief the natural ambient, the architectural ensemble, the social, political 
and economical context of Bucharest city, as reference factors in solutioning of the Bucharest transport and its 
integration in the regional transportation. 

1 INTRODUCTION 

Bucharest, whose foundation is attested by historical 
documents to have taken place on 1459, ranked the 
second biggest city in Southeastern Europe, accord- 
ing to the 153 1 survey. After World War I, Bucha- 
rest’s population grew rapidly, reaching 631,288 in- 
habitants in 1930. 

The fourth decade has meant an expansion in 
terms of both demography and economy. Architects 
and contractors’ projects were in full swing, the 
more so as the city had to temporize with the pattern 
of Western European cities. This was one of the 
major concerns of town planners throughout South- 
eastern Europe, as Paris set an ideal example of a 
modern metropolis. 

Bucharest was dubbed ‘Little Puris’ being the 
biggest, most modem and liveable city in Southeast- 
ern Europe. 

During the cominunist regime Bucharest experi- 
enced the darkest period in his long history. The so- 
called Golden Era’s bulldozers wiped out part of the 
inaityrized capital’s historical heritage. 

In terms of architecture, Bucharest is character- 
ized by the existence of public bodies and institu- 
tions’ headquarters located in the city center (Central 
and Metropolitan Authority, Bucharest University 
and central services). This area is surrounded by 
residential areas, alternating with important indus- 
trial areas, local subcenters and verdure spots. There 
are broad tracts of land available for potential devel- 
opment located downtown, within the central road 
ring, which are currently of little or even no use at 
all (for instance, the one adjacent to the Parliament 
Palace). 

From a geo-morphological point of view the 
capital of Romania is situated in the South-Central 
part of the hstorical region, known as Walachia, in 

the morphological unit named the Romanian Plain. 
The area of the territory of Bucharest city is in- 

cluded in a circle with a diameter of about 25 kin. 
The morphology of the area on which the town 

has developed is plane with a microrelief resulted 
from erosion and sedimentary processes, which oc- 
curred along the two valleys, in the South the valley 
of Dambovita River and in the North the valley of 
Colentina River. 
The city center developed in the interfluviuin area, 
on an almost plan surface, which presents from NW 
to SE a 1+3 %O slope with elevations between 
87-80 in relative to the Black Sea Level . 

From a geological point of view the structural 
frame specific to the Romanian Plain due to the neo- 
tectonical movements, is one of a synclinal with a 
subsidence character, orientated S W-NE, on which 
Neogene and Quaternary deposits have accumu- 
lated. 

Figure 1. Schematic map of Bucharest 
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Bucharest is placed in the axial area of the syncli- 
nal, where the thickness of the sedimentary deposits 
is more than 1000 m. 

This fact explains the seismic character of the re- 
gion, due to the lack of a rigid foundation near to the 
surface made of hard rocks. 
The lithological succession in Bucharest up to the 
Quaternary period is made of alternating lithological 
complexes that contain either non-cohesive soil such 
as sands with gravel or only sands, or cohesive 
clayey layers . 

The result of hydrogeological and geotechnical 
investigations finally lead to conclusion that the 
lithology along the planned underground network is 
very non-homogeneous, in both vertical and hori- 
zontal plane , with cohesive and non-cohesive dis- 
continuous layers in alternating dispositions. These 
layers are of relatively recent age and the under- 
ground water level is often near the ground surface. 

Given the execution conditions and the existing 
technology, one has decided that the most adequate 
solution is a shallow and average depth subway. 

2 GENERAL DATA REGARDING PUBLIC 
PASSENGERS TRANSPORTATION AT THE 
SURFACE AND UNDERGROUND, WITH 
ACCENTUATION ON THE EXISTING 
METRO NETWORK AND ITS PERSPECTIVE 
IN THE NEAR FUTURE. 

Two companies provide public transport services in 
Bucharest, city with a population of approximately 
2,350,000 inhabitants, out of which about 50 % are 
employed. 

The first one, RATB, is subordinated to Bucha- 
rest City Hall and operates surface modes such as 
buses, trolley buses and streetcars. 

The second one, S.C. MEETROREX S.A., is di- 
rectly subordinated to the Ministry of Transport and 
operates a subway system. 

The present road network is a result of Bucha- 
rest’s historical development combined with major 
changes arisen over the last decades. The city fea- 
tures a ring-like character determined by the exis- 
tence of a northeastern half-ring linking the city’s 
former barriers with the southern ones. In some ar- 
eas the road network forms large loops making pos- 
sible a classification of roads by their function. The 
rest of street profiles have a spontaneous aspect. 

New district roads are still not enough integrated 
into the main network, many of them being not yet 
completed. 

The road network consists of 5,340 streets with a 
total length of 1,820 ktn out of which the main road 
network is 600 km-long. 

Figure 4. Geological Block Diagram 

11.2 km of route that are under construction, of 
which 4 km will be finished in the year 2000. Due to 
the lack of the investment funds, around 7 km of al- 
ready finished underground structures are being pre- 

There are 16 passages and 27 flyovers. 
Bucharest benefits from the metro network that 

has about 60 krn route in function. There are 
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served waiting for the moment when the works will 
start again . 

The metro network has a circular and a diagonal 
course. 
The subway represents a high-capacity network, 
covering only about 8 % of the total public trans- 
portation network of the city; however it serves over 
20 % of the total passengers. 

RATB and METROREX provide together 80 % 
of the transport demand, namely about 4 million 
tripdday . 

As it has no interaction with the evolution of gen- 
eral traffic and is not subjected to bad weather, it en- 
sures a maximal continuity and rhythmicity of trans- 
port, improving the public transport condition. 

Because of the economic recession, Bucharest did 
not enjoy proper expansion and diversification based 
on demand. The city does not have proper links with 
its most important areas. 

One has currently noticed a rise in the importance 
of the capital’s outlying areas due to changes in the 
social and economic life, expansion of private agri- 
culture and trade, and a demand for residences out- 
side the urban area. 

A possibly suited remedy for the critical condi- 
tion of Bucharest’s public transport is the integration 
of average and long-distance public transport sys- 
tems with local and regional transport systems (from 
the city and its adjacent areas) through extension of 
present and proposed urban metro lines outside the 
city (surface railway), as a regional metro system. 

The major drawback of the present network, the 
station density, could be turned into an advantage for 
a mixed urban-regional network. There is already a 
pre-feasibility study underway which settles future 
routes, starting with providing with links the 
Baneasa and Otopeni airports, than the Snagov area 
with the rail station (‘Gam de N o d ’ )  and/or the city 
center. 

The final goal of expanding the public surface 
and underground transport is to attain a multi-modal 
system, goal that entails execution of communica- 
tion nodes represented by interface stations located 
in the city’s most important areas. 

3 ECOLOGICAL IMPACT OF THE 
UNDERGROUND METRO WORKS AND OF 
THE SURFACE TRAFFIC 

The sustained development of the public transport 
systems and the growing congestion of traffic raises 
particular problems as far as the environment is con- 
cerned. 

On the one hand, the surface traffic is alarmingly 
polluting the environment through fuel leaks, fume 
discharges, different leaks entailed by car accidents, 
maintenance waste materials etc, on the other hand, 

Figure 6. Vertical cross - section of gravity drainage 

the underground traffic with its grave effects con- 
cerning : 
- the dam phenomenon when the underground 

structures are perpendicular relative to the under- 
ground water streams, ( this is due to the reduc- 
tion of the flow section of underground water 
which leads to higher ground water levels up- 
stream and lowTer levels on the oposite sides); 

- settlements of the land surface, sometimes even 
until collapse, accompanied by the modification 
of the compaction degree of the soil, (after mak- 
ing watertight of the tunnels and ground consoli- 
dations from the surface by injections applying 
the injection technologies, there appear the nega- 
tive effects which are represented by swellings of 
the ground surface till its break and the appear- 
ance of the injection material, or non- 
achievement of the packed degree foreseen, fol- 
lowed in time by settlements and also by collapse 
of the soils ) deterioration of nearby underground 
structures, etc. 
In order to determine the real effects of the tunnel 

excavations and to set the technical measures in or- 
der to avoid excessive settlement of the ground sur- 
face the following elements have been regularly 
monitored: 
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- the underground soil lithology in the front shield; 
- the volume of seepage measured in the tunnel 

- the settlement of the nearby buildings and under- 

- the quantities of sand extracted from the dewa- 

- the correct guidance of the shield; 
- the quantity of grouting; 
- the degree of loosening of the soil after the tunnel 

drive; 
- the behavior of the nearby buildings. 

A special problem was the physical and chemical 
degradation of the soils . 

Deterioration produced to the public utility net- 
works, especially the sewerage system, caussed 
polluted water exfiltrations, contaminating the 
phreatic aquifer waters with major impact on the 
pollution of the environment. 

Another aspect was the corrosion effects of the 
environmental factors over the underground struc- 
turcs . 

Some areas in Bucharest are polluted with sul- 
phur dioxide, nitrogen oxide discharged not only by 
cars, but also by the 5 thermoelectric power stations, 
over 40 small plants and industrial agents. 

However, compared with other European cities, 
Bucharest is basically less polluted, especially in 
terms of nitrogen oxide, sulphur dioxide and even 
carbon dioxide. 

On the contrary, Bucharest is basically more 
polluted than other European cities in terms of de- 
posits of dust, polluting matters containing lead and 
volatile matters. 

front; 

ground water pipes and sewers; 

tering wells; 

4 BUCHAREST METRO MODERNIZATION 
PROGRAM 

Within the program aimed at developing and mod- 
ernizing Bucharest metro, the following main proj- 
ects have to be outlined: 

Line 4 - consisting of two sections linked with 
the existing metro network: R1: Nicolae Grigorescu 
- Belt line, in the city's South-East and R2: Gara de 
Nord - Laromet, in the city's North-West, with a 
length of 1 1.2 km double track line and 10 stations. 

Construction works for this line started in 1989, 
but due to the lack of financing funds most of them 
have been abandoned. 

Line 5 - stage I - which will link the Southwest 
of the city with the downtown and will be continued 
during the second stage of the project with a line 
situated in the Northeast of Bucharest. 

The line planned to link the town with Otopeni 
and Baneasa airports - a project consisting of double 
track metro line with a total length of 13.7 kin and 
9 stations. 

It is expected that underground works will per- 
form the execution of this project only partially, as a 
significant part of this metro line is designed as a 
surface metro line. 

The modernization of the existing rolling stock - 
this project foresee the modernization of 70% of the 
existing EMUS from the metro fleet. 

The project allows the improvement of rolling 
stock operation standards through the extension of 
the operation lifetime, passenger safety and comfort 
increase and maintenance expenses reduction. 

It is mandatory to find the necessary funds in or- 
der to achieve the programme for Bucharest's metro 
development and modernization and space out the 
works to be performed. 

The state budgetary resources are bounded and 
inadequate, so a part of the works already stated was 
stopped or only partially completed. 

5 THE FOUNDING OF EXTENSIONS TO 
BUCHAREST'S METRO SYSTEM 

The financing funds for the metro projects were en- 
tirely provided by the budgetary allocation through 
the Ministry of Transports to which the metro ex- 
ploitation enterprise - METROREX Bucharest - be- 
longs. 

Like in other countries, besides the financing of 
investments, the government also provides subsidies 
for operation, 50 percent of the operation being cur- 
rently financed from government subsidies. 

The constraints imposed due to the cash strapped 
budget, especially during this period of transition, 
emphasize the necessity of finding alternative in- 
vestment financing instruments for Bucharest's 
metro in order to support the metro extension and 
modernization program. 

Long-term investment loans amounting to over 
Euro 100 million were secured from the European 
lnvestment Bank during the last years. These fi- 
nancing funds allowed the carrying on of the proj- 
ects for metro development and modernization. 

The financial resources of the investment projects 
for the Bucharest Metro may be secured, aside from 
the state budget, through long-term credit, and espe- 
cially through implementation of a financing system 
in the Public Private Partnership (PPP). 

This system implies an association, on a contract 
basis, with private legal persons to take part in the 
designing, building, financing and exploitation of 
works. 

Its international experience in this field is self- 
evident. 

Examples such as Metropolitan Authority in 
Washington, the London Underground, Lyon, Ma- 
drid prove that a financing system implying a private 
financing coupled with a public one is extremely vi- 
able. 



This system, besides the advantage of completing 
the public financing resources, creates advantages in 
terms of efficiency, responsibility and risk coeffi- 
cient, the building period, etc. 

The key benefits of the Private Finance Initiative 
(PFI) are given below: 
- Ability to transfer the risk to the private sector 

One of the fundamental principles on which the 
PFI is based is the achievement of the Value for 
Money (VFM), which itself is primarily achieved 
through the transfer of risk. With conventional 
procurement a substantial amount of the risk is 
retained by the public sector afier the warranty 
period which is not the case with the PFI pro- 
curement. For instance if the service provider 
takes on the risk under PFI, components will be 
designed that minimizes the maintenance costs to 
the service provider on a whole life cost basis. 

PFI potentially allows projects to be carried out 
much earlier than they would be under conven- 
tional procurement simply because the constraints 
on capital funding and consequential delays 
therefore delaying the delivery of passenger bene- 
fits. 

By carrying out the projects under PFI allows 
capital to be 'theoretically' freed up to fund other 
project under conventional means. 

A constraint on investment planning program is 
the availability of capital to deliver projects. The 
consequence of reduced government grants have 
meant a backlog of investment. PFI is a means by 
which some of this investment backlog can be 
tackled. 

Under PFI the public sector retains full control 
through a performance specification along with 
the achevement of milestones, which drives the 
payment mechanism. The payment is structured 
to allow optimum allocation of risks that incen- 
tives good performance and penalizes poor per- 
formance. 
Methods aimed at implementing the FFI range 

froin granting the project execution and exploitation, 
to conclusion of BOT (Build-Operate-Transfer) or 
DBFO (Design, Build, Finance and Operate) con- 
tracts, or contracting project parts on services con- 
tract basis. 

The system assimilation and its operation support 
represent a very important condition. 

- Acceleration of passenger benefits 

- Capital avoidance 

- Facilitates improved investment planning 

- Public sector retains control 

6 CONCLUSIONS 

especially in infrastructure, implying the under- 
ground developing and modernization process. 

A required legal framework was created in the 
last years, although it can still be improved in order 
to comply with the international requirements in the 
field. 

The favorable influence of the PPP system appli- 
cation should not be neglected either in stimulating 
the activity of material manufacturing, equipment, 
installation industries and services providers, tax 
payers that contribute to a better operation of the 
budget mechanism, that finally undertake the public 
investments' cost. 

Applying the Public Private Partnership system on 
national and/or international level may stimulate the 
achievement of investment programs in Romania, 
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The integration of public transportation system in medium size cities in 
developing countries: Project of Franca, S3o Paulo, Brazil 
L’intkgration du systeme de transport public dans les villes moyennes des pays du tiers 
monde: projet de Franca, S2o Paulo, Br6sil 
La integracion de sistemas de transporte en ciudades de medio porte en paises en desarrollo: 
Proyecto de Franca, S2o Paulo, Brasil 

R. Boareto 
DINFRA-GTU, Trafjc and Public Transportation Management of Franca, SGo Paulo, Brazil 

ABSTRACT: Fraiica, a city with 280 thousand inhabitants, has elaborated and is settling a Modernizing Plan 
for a public transportation System called Transport 2001. The Plan is based on the integration of a bus line 
system that has been completely reformulated with the adoption of an integrated free-transfer ticket by time 
control, using electronic ticlteting, without the consti-uction of integration terminals. Franca is one of the first 
cities in.Brazi1 to set up this model successfully. This has enabled the public power to control and plan the 
city transportation, including service to the disabled. 

RESUME: Franca, ville de 280.000 habitants, est en train de inettre en place un programme de iiiodeiiiisatioii 
de son systeme de transport, appellk Transport 2001 et bask sur le compostage electroiiique et la 
correspondance des ligiies d’autobus par le contr6le de temps, ce qui n’exige pas la constnictioii des terminus 
feiinks de correspondance. Franca est une des premieres villes du Brksil ou ce mod& existe et le pouvoir 
public prend la supervision et le dkveloppenient coordonnk des services y compris les handicapes. 

RESUMEN: Franca es una ciudad de 280 niil habitantes, estd iinplantando un programa de rnodernizaci6n del 
sistenia de traiisporte llaiiiado Transporte 2001, basado en el billetaje electr6iiico y en la integracion de las 
liiieas de autobus por control de tiempo, dispensando la construccioii de terminales cerrados de integracion. 
Franca es una de las priiiieras ciudades del Brasil doiide este inodelo esta funcionando. Con este proyecto, el 
poder piiblico asunie la supervision de la operacion y el planeaiiiiento de 10s servicios, iiicorporando inclusive 
10s usukrios con deficiencia. 

Fraiica, a city with 280 thousand inhabitants, has set 
up a program to reorganize its Public Transportation 
System based on electronic ticlteting and the 
integration of its bus lines by t h e  control. The 
public power i n  charge of the System was not 
structured to handle it adequately. Tlie number of 
bus lines available was insufficient to meet the inany 
traiisportation needs of all city bus users. Only a few 
neighborhoods were directly connected to the main 
areas of public interest, which caused most users - 
especially those living on the city outskirts - to pay 
two fares in order to reach their destinations. 

The old System comprised 58 regular diameter 
bus lines, 53 special lines, and transported an 

average 1,350,000 passengers monthly. However, 
due to the inadequate frequency of the buses, whole 
districts suffered long serviceless periods, especially 
between rush-hour peaks. The user’s access was 
poorly infrastructured. Of the existing 1,354 bus 
stops, only 156 were sheltered, and 41 had benches. 
Three of the existing four small bus terminals were 
in poor functioning colidition and one was still 
unfinished . The city’s current fleet of licensed 
private vehicles amounts to 90 thousand units and 
the public transportation fleet is comprised of 95 
buses. 

Based on these data, we have elaborated - and are 
now implementing - a nine-proj ect Modernization 
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Plan of tlie Transportation System (“Transport 
2001”) to enable tlie public power to administer the 
System aiid promote its reorganization with a 
physical and fare integration based on electronic 
ticltetiiig, thus malting the city of Franca one of tlie 
first Brazilian cities to apply this kind of system. We 
have tried to develop a set of actions based on tlie 
p r i nc i p 1 es o f develop i n g non-nio t o 1-i zed means o f 
transportation, prioritiziiig public transportation, and 
disciplining tlie access of private transportation 
users. This way we will achieve a better organization 
of the city, iiialting possible the use and occupation 
of the ground in  a more rational manner. Tlie 
foi-mat i on and con so lid at ion o f u rb an subcen t ers has 
been stimulated within the “Noii-Ti-aiisportation” 
concept, thus reducing all tlie negative effects 
related to tlie city traffic. 

Also, we have tried to aiialyze aiid offer 
solutions to all the problems that users are faced 
with when obtaining iiecessary information as they 
leave liome, walk over to a bus stop, use tlie 
Transportation, and reach their destinations. With 
these measures, we intend to both nialte Public 
Transportation more pleasant and attractive and 
s t i iiiu 1 ate tlie city ’ s sel f-sus t ai 11 able d ev el opiiieii t . 

I .THE ELECTRONIC TICKETING SYSTEM 
AND THE FARE INTEGRATION OF BUS 
LINES. 

Tlie bus lilies that serviced tlie Fraiica population 
were iniplemeiited tliroughout tlie years without 
planning, as tlie urban occupation grew. Tlie city had 
a fleet of 95 small vehicles for 80 passengers each, 
aiid 1 1 1 different lines. Tlie itineraries were long and 
the bus ii-equeiicies were relatively low, wliicli 
caused users to be delayed at tlie bus stops. 

The proposed solution was a transportation 
Network formed by radial aiid, circular lines, 
integrated through electronic ticlteting to avoid tlie 
need for building iiitcgration tei-iiiiiials, a model used 
in Brazilian cities. 

1.1 The Advaiitnges of hitegrution thvoz& 
Electroriic ticltetiiig. 

The nlain advantages of Electronic Ticlteting over 
integration terminals are ( Lapate, 1987 ) 

- I t  avoids the need for assigning public areas or 
expropriating any properties for the construction of 
bus t eriiiiiial s. 

- It does not induce a concentration of deinand on 
certain structural corridors, which would precipitate 
a saturation of tlie System’s capacity and would thus 

require new vehicle technologies aiid related 
infrastructure at increasing margiiial costs. 

- It requires only a reduced time of 
implementation, as compared to the construction of 
bus terminals, as well as a lower cost to be paid by 
the public power or operating companies. 

1.2 Tlie Aims of Electvonic Ticlceting 

- Develop a new fare policy associated with the 
Integration of the System to niiiiiinize the fare levels 
to cover tlie same service: 

- Technological Innovation of the equipment for 
operational control and iiioiiey collection per line to 
allow tlie classification of demand by type of user 
aiid time. This will provide the inaiiagiiig organ 
with greater agility and reliability. 

- Ensure rationalization of the bus lilies. 
- Establish a control to quantify tlie use of ID 

cards for fare reduction and fare exemption; 
- Improve tlie security of passengers by 

decreasing the circulation of money in each vehicle 
and eliminating tlie use of paper ticltets; 

- Introduce an Integrated Fare in all of the 
System through the use of a ticket that will allow a 
passenger to transfer from one line to another 
without paying for a second fare, within a pre 
established period of time. 

- Tlie Fraiica Project has been elaborated to 
maintain tlie job of conductor, wlio will coiitiiiue 
receiving payment in money from the passengers 
wlio do not have tlie Magnetic Card. The conductor 
will also supervise tlie use of ID cards for fare 
reduction and fare exemption by the elderly and by 
students. In addition, tlie conductor will help tlie 
elderly and children with the use of ID cards, and 
will provide information on the Integration System. 

1.3 The New Bus Line Sjistem 

Franca has a new organization of the integrated bus 
lines, with tlic following advantages: 

- It meets tlie new and growing needs of public 
transportation that arise with the dynamic use and 
occupation of the urban space; 

- Rationalization of tlie operation; 
- It reduces the waiting time by increasing tlie 

- Shorter trip duration; 
- All neighborhoods are connected to each other 

- Points of trip attraction are connected to each 

- It helps to create and /or strengthen urban 

frequency of buses; 

and to the downtown area in a rational fashion; 

other; 

subcenters ; 
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- Free choice of line connections for reaching the 

- More options of line-transfer points. 
main points of attraction; 

The service is given tlirougli integrated binary 
radial and circular lines that provide all the districts 
with access to all points of interest for the 
population. The radial lines connect the districts to 
the downtown area and vice-versa. In the future, 
such lines will be “binary” for interdistrict 
connections. The binary circular lines connect the 
city’s different regions to serve the commercial and 
service poles as well as the industrial and leisure 
poles. The diameter lines, if necessary, will make tlie 
connection between districts at tlie extreme ends of 
the city, preferably passing through tlie central area. 

The lines are regular. However, special lines are 
being planned in case they become necessary after 
the system has been stabilized. All tlie necessary 
adjustments will be made in the operational fleet 
which will be renewed and will include the right 
type of veliicle for each type of line. All told, there 
are 2 circular lines, 25 radial lines and 4 overnight 
lines ltiiowii as “coi-ujBes” (big owls). 

Now that tlie System, has been implemented, 
there are new lines that coinpleinent each other. For 
example, the user may tale any radial line (district- 
downtown or vice-versa ) that goes across the 
circular lines. In order to reach any part of the city, 
all the user has to do - within one hour -- is get off 
the bus at any crossing point and change buses 
without paying a second fare. 

Three types of cards can be used by all user 
categories. The Coinmoii card is for full-fare 
assengers; the Social card is for students who pay 
reduced fare; and the Special card is for fare-exempt 
users (over 65 years of age, disabled, etc). Both 
Common and Social cards may contain dozeiis of 
credits, according to its user’s choice. 

The System’s Operational Data Control males it 
easier to plan and implement tlie necessary changes 
toward its improvement. The iinpleinented ticlteting 
allows tlie issue of various types of reports, 
including a research based on a daily Electronic 
Origin-Destination Record. 

1.4 Char-acteristics of tlze Franca Electvonic 
Ticlzeting 

We have analyzed tlie existing technologies for the 
implementation of the electronic ticlteting. As 
reference we used a table of analysis produced by 
Reynaldo Lapate in February 1996, now updated 
and extended. Through this table we can evaluate the 
requisite qualifications of the validating equipment 
(11 qualifications ) and of the tickets used (7 

qualifications). In September 1998 we started the 
ticlteting operation with . fare-exempt users, and in 
December, 1998 we proceeded to the System’s full 
commercial operation, and on February 16,1999, the 
lines were completely changed to start the 
Integration System. 

1.4.1 Managing Oi#gan 

Defined the technology (IS0 format Magnetic 
Card); 

Elaborated the Technical Project: 
- Maintained the job of Conductor 
- Set up the one hour integration. 
- Bid the rental of equipment. 
- Is in charge of tlie Project Implementation and 

keeps a record of fare-exempt and reduced-fare 
users. 

System of Integrated Lines 
Through Eletronic Ticketing ( No Terminals ) 

Plan of Application in the City of Franca, SP, Brazil 

1.4.2 Opevating Company 

Sells electronic credits. 
Implements and runs the sales networlc. 
Collects operational data. 

1.4.3 Characteristics of the Equipment 

Easy installation and maintenance (Plug in). 
High MCBF (magnetic head for two million cycles). 
Possible Technological Upgrade (Compatible with 
other technologies). 
No need to replace the mechanical tui-nstile on the 
buses with electronic ones. 

- 
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Brazilian-made equipment with open software and 
adjustiiients also made in Brazil. 

1.4.4 Clinracteristics of the magnetic Cmd 

IS0 format. 
Hi gh co erci t i vi t y in agiie t ic stripe . 
Made of polyester, 2 years iiiiiiiiiiuiii usef~il life. 
Cost per unit US 0,15. 
Can be re-validated up to 50 credits. 

2.1.2. Stop-reqzrest signal book for  the bliricl 

Blind users will have a pocket-size book containing 
all line codes in color along with “captions” in 
Braille. Thus, at a bus stop for different lines, for 
example, a blind user will not depend on aiiyoiie else 
to signal a stop. He/she must only lteep showing the 
code for the line of his/her choice. The driver will 
easily recognize the symbol. This material is new in 
Brazil. 

2. I .3. The Bus Newspaper 
2. THE IMPLEMENTATION 

The Public Transportation System had its lines 
changed in one day, when 58 regular lines, 53 
special lilies and about 1 10 special itiiieraries were 
replaced with 25 radial lines and 2 circular lines. 

The operational fleet of 95 vehicles used today is 
the same as that of the previous system and the total 
number of kilonieters clriven is reduced by 
appro x i in ate 1 y 5 (Yo . 

The new system, known as “Passe F a d ”  Easy 
Pass has been increasingly approved of by the 
population despite the initial discomfort and 
confusion caused by the complete change in the 
lines. However, there has been an immediate 
iiiiprovemeiit coiicei-iiiiig the operational speed. 

Of the users who disapproved the new system 
i mm ed i at cl y a k r  its i nip 1 eiii ent at i on, 6 5 O/O based 
their opinion on the fact that the buses were 
overcrowded. 

A second survey, however, showed that this item 
had dropped to 3.6%, and the first problem pointed 
out by 36.6% of the users was niisiiiforiiiatioii about 
the changes. This fact caused us to accelerate the 
iiiipleiiientatioii of a commuiiicatioiis program, 
which was already underway. 

Included in thc “Transport 2001” Program is tlie 
project of a iiew User Coinmunications System. 
Innovations resulting froin this project have already 
been added to the implemeiitation of the Iiitegratioii 
S y s teiii . 

2. I. I. Lrrie Identification for, Illitei-ate Users 

Each line is identified by a name, a code made up of 
a letter followed by a two-digit number, and a 
specifically colored geometric symbol. This symbol 
can be recognized by illiterate users or mentally 
disabled ones to identify the line of their choice. 

The BL~S Newspaper will be issued fortnightly. It 
will be posted on the inside of each bus. In a 45 X66 
cin format, it will bring news of the user’s interest, 
such as the changes taking place in the System. 

2.1.4 “Bus TV” 

The Bus TV is a pioneering project in Brazil. 
Twenty of tlie 95 vehicles in the fleet are already 
equipped with TV and videotape monitors for the 
broadcast of social-interest programs which iiiclude 
films on Public Transportation, public-interest 
campaigns, and educational documentaries. 

2.1.5 Exhibits 

Iiifoimatioii billboards are being strategically posted 
at points of great conceiitratioii of bus users. Also, at 
these points, paiiiphlets are distributed which 
contain, in addition to bus line schedules, useful 
iiifonnatioii about the lilies and their integration. 
Specially trained people tell users how to choose the 
most rational line combinations for access to any 
destination. As for tlie locations of greatest public 
interest, users are given “comic boolts” showing 
characters moving around by malcing use of tlie 
system. 

Even before tlie “Passe Facil” was implemented, we 
started iiiiproviiig both the iiifrastructures of service- 
to-the-user and the system operation. 

2.2. I. Rersiodelirig arid Building of Slieltererl Bus 
Siops and Terminals. 

A data bank has been elaborated to include a 
digitized city plan showing the number and 
qualificatioiis of bus stops, e.g. existing shelters and 
benches, the type of pavement and use of stop 
locations, etc. These data made it possible to 
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develop a new model of sheltered bus stop with 
benches, garbage containers and information boards 
with texts in both normal print and Braille. The 
Braille-printed texts are part of the various Lapate, R, 1996, Anllise dos Equipamentos de 
improvements to the Transportation Network for 
Disabled Users, included in the planning of the 
“Transport 200 1 ” Program. 

A 3,000-square-ineter bus tei-miiial is under 
coiistructioii in the downtown area for use by an 
average 40,000 people a day. This teriiiiiial features 
a universal access with ramps, toilets aiid work 
points adapted for wheel-chair users, and 
information boards with normal - and Braille- 
printed texts. 

REFERENCES 

Lapate, R. 1987. A Integraqgo sem terminais. Revista 
dos Transportes Publicos EdiGHo 36. ANTP Brasil 

BilIietagem EletrGnica. Text0 do autor, 

2.2.2. Tmtile-Floored Track for the Blind 

The floor of the new bus terminal will feature a one- 
meter-wide track - liiied with a newly tactile 
flooring material - specially designed to provide the 
blind with easy and safe access to the platforms, 
toilets, public phones, and the information desk. 

2.2.3. Colored Handrails for the Nearsighted. 

Colored handrails, another improvement previously 
planned, have been installed on each bus. Their 
color, contrasting with that of the bus interior, adds 
to the safety of nearsighted passengers. 

2.2.4. The City Street Network 

To improve the operational performance of the 
vehicles, the traffic signs on the streets and avenues 
that form the bus corridors have been adapted so as 
to allow priority to public transportation vehicles. 
Also, small works have been planned mainly for a 
number of streets on the city outsltii-ts to facilitate 
the bus traffic in those areas. 

3. CONCLUSIONS 

With the integration of the public transportation 
system, all the iieighborhoods and points of trip 
attraction are coiinected to each other aiid to the 
downtown area in a rational net. It meets the new 
aiid growing needs of public transportation that arise 
with the dynamic use and occupation of the urban 
space, including service to the disabled. 

The integration through electronic ticlteting is 
time-saving aiid means lower costs to the public 
power or operating companies. 
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La qualit6 de service des rkseaux de transport urbain 
The service quality of urban public transport networks 
La calidad de servicio de las redes de 10s transportes urbanos 

E K i i h  & J. Kauv 
INRETS, Institut National de Recherche sur les Transports et leur Se'curitk, Arcueil, France 

R6SUME : L'alternative a l'usage de la voiture particuliere en ville est un transport public de qualitk. Les 
mesures qui tendent B modifier directement le niveau de service des TCU (rkgularitk, vitesse comerciale, 
frequence) ont des effets positifs sur leur frkquentation. Diffkrents outils et mkthodologies existent B travers le 
monde pour suivre et amkliorer cette qualitk. Les autorites doivent avant tout dkcider de dormer ou renforcer la 
prioritk aux TC sur la circulation gknkrale pour rksoudre les problkmes urgents de capacitk de transport : tout 
retard dans la dkcision renforce la place de l'automobile dans la ville. 

ABSTRACT : The alternative proposal to use limitations of private car in town is a good quality public 
transport. The measures which lead to modify directly the service level of UPT (commercial speed, regularity, 
frequency) have positive effects on their frequentation. Different tools and methodologies exist all around the 
world to take care of the quality and improve it. Transport Authorities must first of all decide to give or 
reinforce the UPT priority over the general traffic to solve the instant transport capacity problems : any 
delay in deciding restores the private car space in the town. 

RESUMEN : La alternativa a la restriccibn del us0 de vehiculos particulares en la ciudad, es un transporte 
public0 de calidad. Las medidas que tiendan a mejorar directamente el nivel de servicio (regularidad, velocidad 
comercial, frecuencia), tienen efectos favorables sobre la frecuentacibn de 10s TCU. Diferentes nietodologias e 
instmmentos permiten controlar y mejorar esta calidad de servicio. En primer lugar, las autoridades deben 
acordar a 10s TC una prioridad sobre la circulacibn autombvil particular para solucionar 10s problemas urgentes 
de capacidad de transporte : la ausencia de una decision en este sentido, refuerza la parte del auto en la 
circulacibn urbana. 

1 INTRODUCTION 

L'amklioration des transports collectifs devient de 
plus en plus necessaire dans un contexte de prise de 
conscience accrue des problhmes d'encombrement et 
d'environnement liks a une augmentation continue de 
la circulation automobile urbaine. 

2 LA FF&QUENTATION DES &SEAUX DE 
TRANSPORT COLLECTIF 

Les transports collectifs ont un concurrent 
redoutable, l'automobile qui reagit rapidement B 
l'kvolution des attentes de l'usager et qui offre une 
image de souplesse, de libertk, de confort, 
d'adaptabilitk a tous types de deplacement. 

La qualitk de service offerte par les diffkrents 
modes de transport collectif ou individuel joue un 
r61e dkterminant dans le choix modal des personnes 
qui dksirent se dkplacer. Si l'un des facteurs de 
qualitk de service s'avere dkficient, c'est l'ensemble de 
cette qualitk qui est compromise car les wagers 

portent un jugement global sur le mode utilise. 
L'amklioration de la qualitk de service a pour 

objectif d'une part, de fidkliser la clientele des TC 
existante, d'autre part de conqukrir la clientele 
occasionnelle des TC (les multimodaux) qui constitue 
un nombre important de clients potentiels pour les 
TCU : mais les facteurs qui dkterminent la qualitk de 
service ne sont pas complktement maitrises car son 
amelioration dkpend des conditions extkrieures et des 
effets de mesures plus larges. Certaines actions 
peuvent avoir des rkpercussions importantes sur la 
clientele TC, bien qu'elles ne la visent pas 
spkcifiquement. C'est le cas en particulier des 
mesures destinees a genkrer un transfert modal en 
limitant l'usage de la voirie, telles les limitations de 
stationnement et les plans de circulation. D'une 
maniere gknkrale, les exploitants des rkseaux de 
transport recueillent les fruits des efforts faits en 
faveur de la qualitk de service, ainsi on observe en 
France une lkgkre augmentation de la frkquentation 
des TCU qui est en moyenne de 3% en 1998, les 
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villes ayant des lignes de TCSP (Transport en 
Commun en Site Propre) s’en sortent mieux en 
gknkral. Un accroissement de la clientkle suit en 
gknkral une restructuration du rkseau (horaires et 
itinkraires) ou une meilleure qualite de l’offre obtenue 
directement ou indirectement, Kauv & Kuhn (1999). 

En rksumk, les mesures qui tendent a modifier 
directement le niveau de service des TCU ont des 
effets positifs sur leur frkquentation, surtout 
lorsqu’elles amkliorent leur rkgularitk, leur vitesse 
commerciale et leur frkquence. 

3 LES RESEAUX DE TRANSPORT URBAIN EN 
EUROPE 

A partir d’une ktude sur la qualite de service mise en 
oeuvre sur 22 rkseaux de transport europkens nous 
avons analyse les conskquences de ces amkliorations 
qui dkbouchent sur une croissance soutenue du 
march6 de la mobilitk avec une premikre classification 
selon le taux de voyages par habitant et par an, en 
trois groupes de rkseaux : les rkseaux ou le taux de 
voyages par habitant est trks Cleve (ex. en Suisse), les 
rkseaux de grandes mktropoles ou l’effet rkseau 
permet d’obtenir un taux de voyage par habitant 
assez klevk, les rkseaux de villes moyennes qui 
augmente l’offre de transport public mais 
n’obtiennent qu’un taux de voyage par habitant 
assez faible. 

Ainsi, les rkseaux suisses de Zurich, B3le et Berne 
ont respectivement une mobilitk de 536, 541, et 600 
voyages par habitant et par an. Parmi les rkseaux 
visitks, ces taux sont les meilleurs, ils reflktent un 
usage trks klevk des transports publics dont les 
responsables ont dks le dkbut des annkes 70 pris 
l’initiative de donner la prioritk aux transports 
collectifs de surface et de dissuader les 
automobilistes de circuler dans les centres des villes 
par une politique adaptke de parkings de dissuasion 
et de plan de circulation. Dernikrement la Loi sur la 
Protection de I’Environnement (LPE) permet de 
prendre des mesures encore plus restrictives en 
Suisse 6 l’kgard de la voiture particulikre. 

Les rkseaux des grandes mktropoles c o m e  Paris, 
Londres, Milan, Munich, Vienne, Stockholm, 
Amsterdam et Stuttgart ont un ratio de voyages par 
habitant et par an situk entre 399 (Milan) et 252 
(Madrid). Ces rkseaux ont trks t6t crkk une 
dynamique des dkplacements ou un cteffet rkseau)) 
avec plusieurs modes complkmentaires dont le RER, 
les trains de banlieue ou S-Bahn, avec des stations de 
correspondances tous modes dans le centre ville 
coinme a Munich des 1972 et l’intkgration tarifaire 
sur une grande aire de cornpktence. Le rkseau de Linz 
(235.000 habitants pour le PTU) rivalise du point de 
vue des dkplacements avec les grandes 
agglornkrations ci-dessus, soit 346 voyages par 
habitant et par an. 

Les rkseaux d’agglomkrations moyennes comme 
Bruxelles, Cologne, Copenhague, Lyon, Marseille, 
Oslo, Sheffield, ont leur ratio de dkplacements par 
habitant et par an situk entre 190 (Bruxelles) et 160 
(Marseille), ces agglomkrations ont pris conscience 
plus tardivement sans doute de l’enjeu des transports 
collectifs et les mesures restrictives a I’kgard des 
voitures n’arrivent que plus tard: ainsi un pkage 
urbain a ktk instaurk a Oslo a partir de 1990, ce pkage 
ktant plus un instrument de financement que de 
dissuasion. 

La part modale des dkplacements en TC en entrke 
des centre-villes dans les villes europkennes reste 
importante comme le montre le tableau 1 ci-apres. 

En ce qui concerne les faits marquants sur la 
qualite de service, nous faisons la distinction entre 
les trois groupes de villes dkcrits ci-dessus : 

- dans le premier groupe des rkseaux suisses, nous 
constatons que la population a ktk consultke pour 
tous les grands investissements de transports 
collectifs, ce qui a permis aux autoritks d’appliquer 
sans hksiter une politique restrictive l’kgard des 
automobilistes, et a ne pas envisager de mise en 
souterrain des tramways par exemple (sauf exception 
a Zurich pour un faible linkaire) : les transports de 
surface ont dks le dkbut des annkes 70 obtenu la 
prioritk aux carrefours a feux et un suivi en temps 
rkel l’aide de SAE (Systkme d’Aide A 
1’Exploitation). Enfin l’intkgration tarifaire pour tous 
les modes de transport public dans le pkrimktre des 
transports urbains a ktk mise en place dks les annkes 

- dans le deuxieme groupe concernant les grandes 
mktropoles, la frkquentation est importante compte 
tenu de la densitk de population et de l’offre, le souci 
des autoritks organisatrices et exploitants est 
d’augmenter la part de march6 par la qualitk de 
service : l’intkgration tarifaire est en place depuis une 
vingtaine d’annees, la couverture de la desserte est 
optimisee, des transports de nuit sont organises, les 
correspondances multimodales sont en place et 
I’effort d’amklioration est actuellement port6 sur 
l’information multimodale des voyageurs. 

- dans le troisikme groupe des agglomkrations 
moyennes, la desserte est encore en cours 

1975-80. 

Tableau 1 : Part des TC en entrte du centre-ville dam des 
villes europtennes (hors circulation des pietons et des 
cyclistes). 

Villes I ~ ~ e n %  
Stockholm I 71 

Ziirich 

Hanovre 

Vienne 57 

Source: Kuhn & Hayat (1999) d’aprbs 
Storstockholms Lokaltrafik, Strategisk plan 1996. 
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d’extension (notamment aprks la construction des 
premikres lignes de mktro a Lyon et a Marseille) par 
des lignes de surface, des stations de correspondance 
multimodale ; un effort particulier est mis sur la 
qualitk de service, enjeu important pour garder et 
attirer de nouveaux clients, par exemple a Oslo oh est 
propose la Garantie du voyage en transports urbains, 
Kiihn & Hayat (1999). 

4 LES RESEAUX DE TRANSPORT URBAIN 
DANS LES PAYS EMERGENTS 

La croissance rapide de nombreuses villes des pays 
emergents a privilegik la quantitt de l’offre de 
transport de leurs systkmes de TC au detriment de 
I’efficience ou de la qualite de service offerte aux 
clients. La croissance rapide de la motorisation dans 
ces pays nous incite a rkflkchir car le mode de 
deplacenients en TCU (bus, tramway, metro, etc.) 
est de plus en plus concurrence par l’automobile. Les 
systkmes de TCU de ces pays se distinguent par les 
conditions dans lesquelles se deroule I’exploitation, la 
charge des vehicules et des stations, le respect de la 
skparation des sites utilises par la circulation 
gknkrale, la prise en compte ou non des vehicules aux 
feux, etc., differentes contraintes qui font qu’un 
systkme fonctionne bien en Europe avec une charge 
moyenne et fonctionne mal dans un pays kmergent 
avec une forte charge en atteignant trks rapidement 
ses limites bien en dessous des objectifs theoriques 
prevus lors de la mise en place des projets de 
transport. Les nouvelles technologies appliqukes en 
Europe ne sont elles pas applicables 
progressivenient dans ces pays ? 

Si nous examinons les problkmes du transport 
urbain en Amerique Latine inultiples et varies, par 
exemple Peralta (1 992), nous constatons : 

- au niveau du service de transport, l’absence de 
services dans certaines zones, la diminution ou la 
suppression de transport durant des periodes 
lioraires importantes, l’irrtgularite du service, la 
saturation du systkme de transport a certaines heures 
et sur certains parcours, des correspondances 
obligkes dans le centre, un manque de 
complknientarite des diffkrents modes, etc. 

- au niveau des usagers, le manque d’offi-e dans les 
zones de fortes demandes, I’augmentation des 
distances absolues et relatives entre les zones 
d’habitat et de travail, de loisir et d’ktudes, la 
necessitk d’utiliser plus d’un service de transport et 
faire de long parcours a pied, etc. 

- au niveau des exploitants, il y a la concentration 
de I’offre dans les aires centrales ; l’augmentation du 
parc ou kventuellement et conjoncturellement , sa 
diminution ; la diminution des subventions de 1’Etat 
ou de la municipalite pour anieliorer l’offie de service 
et l’augmentation de la privatisation ; la croissance 
du transport informel a travers diffkrents moyens 

Qeeps, camionnettes, vans, etc.) en dehors du 
contrble de 1’Etat et libkrks des exigences du systkme 
formel, etc. 

- au niveau de la structure urbaine, il y a la 
congestion dans des zones dkterminees (centrales), 
sur un systkme viaire inadaptk et insuffisant, des 
distances excessives pour l’expansion et 
l’organisation de la ville, I’ inaccessibilitk de zones 
dkterminkes par le mauvais Ctat et le manque de 
voirie, etc. 

Une grande partie de la population vit en zone 
urbaine, il y a une croissance vertigineuse du parc 
automobile et I’autobus est le grand transporteur des 
masses : 80.000 vkhicules assurent encore plus de 
65 % des TCU de 36 villes d’Anierique du sud, 
Alouche ( I  995). 

5 LE SERVICE ATTENDU DES TRANSPORTS 
URBAINS DANS LES PAYS EMERGENTS 

Dans les pays oh le besoin fondamental d’etre 
transport6 est accompli d’autres aspirations plus ou 
moins precises kmergent, il importe donc de suivre 
les attentes des clients-voyageurs : de grandes 
tendances se retrouvent partout qui traduisent en fait 
les &volutions de la societe et par consequent les 
kvolutions de la definition de la qualitk : besoin de 
confort (vetustk du parc utilise et ktat de 
l’infrastructure), besoin de climatisation, besoin 
d’etre accueilli dans un monde qui se deshumanise, 
besoin d’etre informe, besoin de continuitk par 
rapport aux services offerts dans la ville, etc.. Le 
problkme de congestion automobile, le bruit, la 
pollution atmosphkrique provenant des emanations 
des pots d’tchappements des automobiles et des 
vehicules utilitaires ,deviennent des sujets de 
preoccupations pour I’Etat, la Rkgion et les habitants 
des moyennes et grandes agglomtrations en France et 
ce problkme se pose Cgalement dans les grandes 
mktropoles du monde (Tokyo, Mexico, Sad Paulo, 
Le Caire, Los Angeles, New York, Seoul, Manille, 
Calcutta, Hong Kong, etc..) comme les nioins grandes 
(B2le, Zurich, Milan, Francfort, Londres, Athknes, 
etc..). La population devient de plus en plus sensible 
aux problkmes d’environnement et de qualitk de la vie 
dans la ville. 

Ainsi dans la Region Mktropolitaine de S5o Paulo 
(RMSP) sur 3 1 millions de voyages effectuks chaque 
jour 1/3 est effectue a pied, 1/3 en voiture et 1/3 en 
TCU : sur les 10 millions de voyages effectuks en 
TCU prks de 8 millions sont effectuks avec plus de 
15.000 autobus qui circulent chaque jour. Ajoutks 
aux 4 millions de voitures qui circulent journellement, 
ces autobus lorsqu’ils ne circulent pas en site propre 
participent a la congestion de la circulation qui 
bloque la population locale une vingtaine de jours par 
an, Goldschinidt (1996). Cette congestion se traduit 
par des morts et blesses dans les accidents de la 
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route, 20 % de la population active consacre plus de 
3 lieures par jour aux transports et 10 % plus de 4 
heures. 27 % des trajets nkcessitent plusieurs 
moyens de transport. Afin de rkduire l’engorgement 
croissant de la capitale, plusieurs mesures visant a 
fluidifier le trafic par une meilleure gestion de la 
circulation sont envisagkes. 

Des enquetes rkaliskes par 1’Association 
Nationale des Transports Publics du Brksil (ANTP) 
et 1’Institut Gallup au Brksil montrent que les 
usagers et la population apprkcient les services 
offerts par le metro et par les autobus mktropolitains 
en site propre : la technologie choisie importe assez 
peu aux usagers, mais ils souhaitent la rkgularitk, la 
rapiditk, le respect des horaires, des conditions de 
confort et d’accessibilitk correctes. Aussi le 
Secretariat Municipal des Transports (SMT) de Siio 
Paulo a decidk d’augmenter la capacitk des lignes de 
transport par autobus de 6000 passagers par heure et 
par sens (p/h/s) a 20.000 p/h/s sur les sites propres 
et donc SPTrans gestionnaire du rkseau municipal 
d’autobus adopte un rkseau de systime intermkdiaire 
bask sur des vkhicules sur pneus de grande capacitk, 
guidk, traction klectrique et exploit6 a trks grande 
frkquence. Le SPTrans outre le systeme 
intermkdiaire, applique un nouveau plan, nommk 
((Programme des Corridors et Terminaux 
d’Intkgration ))’ PCTI qui doit crker un vrai systkme 
Intkgrk dans la ville, a partir de la rkalisation de 
nouveaux corridors et de nouveaux terminaux de 
correspondance avec des travaux de voirie sur pris 
de 300 km. Les lignes locales qui alimentent les axes 
lourds sont en correspondance a m  terminaux et sont 
exploitkes par des vkhicules plus grand c’est a dire 
des autobus ou des trolleybus articulks. Outre ces 
axes prioritaires, une pai-tie du rkseau de lignes 
radiales d’autobus a ktk remis a niveau pour devenir 
lignes de rabattement ou d’alimentation des axes 
lourds. 

C’est l’annonce d’une priorit6 absolue aux 
transports publics, aux systimes de transports 
guidks, de haute capacitk, traction klectrique et en 
site propre. Ainsi un programme intkgrk de transport 
urbain (PITU) a ktk proposk par le Secrktariat des 
Transports Mktropolitains (STM) pour ameliorer, 
construire et mettre a disposition de la population de 
la mktropole une nouvelle offre de transport urbain 
d’une maniire intkgrke et coordonnke avec 
l’environnement et l’amknagement du territoire. 
Outre les extensions du rkseau de mktro et des trains 
de banlieue, le PITU prkvoit la crkation d’un rkseau 
radial de couloirs d’autobus de la mktropole intkgrks 
avec les sites propres pour autobus de la ville du 
PCTI : ces couloirs permettent d’accroitre la vitesse 
commerciale et de rkduire le nombre d’autobus qui y 
circulent. Le PITU va se rkaliser en fonction des 
possibilitks de financement ce qui va prendre de 
nombreuses annkes : aussi c’est l’autobus qui 

continuera a dominer l’offre de transport public de la 
rkgion et de la ville de Siio Paulo pour encore de 
nombreuses annkes. 

6 LA QUALITE DE SERVICE A METTRE EN 
OEUVRE 

Une norme fianqaise expkrimentale XP X 50-80 
(( Qualitk de service dans les transports - 
Identification des critkres de qualitk pour le transport 
de voyageurs )) a ktk publike par 1’Association 
Franqaise de Normalisation (AFNOR) en France en 
Avril 1997 et un projet de norme internationale 
europkenne N 75 ((Services de transport - 
Transport Public de Voyageurs - Dkfinition de la 
qualitk de service, objectifs et mesures )) est en cours 
d’klaboration par le comitk technique CEN/TC 
320/WG5, Mathieu et al. (1998). 

La norme europkenne prescrit des exigences 
permettant de dkfinir des objectifs et de mesurer la 
qualitk de service dans le domaine du transport 
public de voyageurs et fournit des lignes directrices 
pour le choix des mkthodes de mesures 
correspondantes. Son utilisation permet de traduire 
les attentes des clients et leur perception de la qualitk 
en termes de paramitres de qualitk viables, 
mesurables et gerables. 

Le prestataire de service doit s’assurer que les 
exigences concernant le management de la qualitk, la 
dkfinition de la qualitk de service et les mesures de 
cette qualitk sont satisfaites. 

En ce qui concerne le management de la qualitk, un 
systime doit etre mis en oeuvre pour s’assurer que 
les ktapes et points suivants soient pris en compte : 

0 Les attentes explicites et implicites des clients 

Les contraintes lkgales, politiques, financiires 

Les niveaux de qualitk existants et les domaines 

Des objectifs sont Ctablis en prenant en 
compte les klkments ci-dessus, ce qui implique la 
traduction des donnkes en critires de qualitk 
mesurables 

sont identifikes, 

Les performances sont mesurkes, 
Des actions correctives sont prises, 
La perception par le client de la qualitk realiske 

est kvaluke. 

Des plans d’action appropriks sont klaborks et 
mis en oeuvre pour rkduire les kcarts entre : 

- la qualitk rkaliske et la qualitk perpe  
- la qualitk attendue et la qualitk perque. 

La qualitk globale du transport public de 
voyageurs est constituke d’un grand nombre de 
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critkres (8 catkgories). Ces critkres representent le 
point de vue du client sur le service fourni : 

1. Offre de service 
2. Accessibilitk 
3. Information 
4. Temps 
5. Attention apportke au client 
6. Confort 
7. Skcurite 
8. Impact environnemental. 

Les trois premikres catkgories dkcrivent l’offre de 
transport en gknkral, les categories 4 it 7 detaillent la 
realisation du service, la categorie 8 dkcrit l’impact 
environnemental sur la collectivitk. 

Dans le livre vert (( Un rkseau pour les citoyens )), 
la Commission Europkenne rappellait en 1996 que : 
(( Des systkmes efficaces de transport de passagers 
sont essentiels pour les kconomies et la qualitk de 
vie des citoyens. I1 importe que les systkmes de 
transport soient c o n p s  pour rencontrer les besoins 
des citoyens et qu’ils soient suffisamment souples 
pour suivre l’kvolution de leurs exigences, y compris 
le developpement de la demande de transports. 
L’utilisation intense de la voiture particulikre qui 
effectue 75 % des trajets en Europe contribue 
largement a l’offre de transport : cette utilisation a 
aussi dkcuplk les embouteillages, la pollution et les 
accidents, facteurs qui affectent les automobilistes et 
les autres usagers de la route. I1 convient donc de 
privilegier le developpement de transport public de 
passagers D. Le livre vert indiquait ainsi que les 
europkens doivent s’ intkresser au transport collectif 
parce que les nuisances de l’automobile affectent de 
plus en plus les usagers de la route, le cadre de vie 
des citoyens et parce que 40 % des menages ne 
posskdent pas de voitures particulikres. Au Brksil ce 
taux croit a 75 % et dans d’autres pays d’Am6rique 
Latine, d’Afrique et d’Asie ce taux approche les 
100 %. I1 est donc primordial pour ces derniers pays 
de s’intkresser a la qualitk de service des transports 
de voyageur pour stimuler, dkvelopper, organiser les 
transports urbaiiis de telle rnanikre que la rkpartition 
modale reste kquiiibree entre automobiles et 
transports collectifs, favorisant avant tout les 
transports urbains dans les metropoles. 

Tous les grands rkseaux de transport urbain dans 
le monde s’interesse a l’application de mkthodes de 
suivi en vue d’amkliorer la qualite de service, ce suivi 
Ctant plus ou moins avanck selon les priorites de 
l’entreprise et son potentiel en ressources humaines, 
Viegas & Macario (1999). Ainsi, I’ANTP au Brksil 
dans un ouvrage (( Transporte Humano - cidades coin 
qualidade de vida )) en 1997 a developpk diffkrents 
thkmes du transport public dont les systkmes de 
qualitk. Dans le domaine de la qualite de service, 
I’ANTP dkcrit l’autoevaluation de la qualitk par 

l’exploitant lui permettant de recueillir des 
informations pour verifier le niveau de la qualitk 
offerte et son amklioration eventuelle. Le Prix ANTP 
de la Qualitk a et6 instituk en 1995, c’est un 
programme d’encouragement a l’auto-evaluation des 
exploitants : l’objectif de ce prix est d’inciter les 
corporations impliqukes dans le transport urbain a 
amkliorer l’efficacitk des services rendus au moyen 
d’une bonne gestion, en distinguant les meilleures 
d’entre elles. De la mEme faqon la municipalitk de 
Siio Paulo a instituk un programme de qualitk des 
Transports Urbains par dkcret municipal et le 
gestionnaire des autobus municipaux SPTrans a crek 
un Prix de la QualitC. Ce rkseau d’autobus est 
organisk en 64 lots, exploit6 par 47 entreprises, 
chaque lot comprend un nombre variable de lignes, la 
gestion et la programmation se fait sous la 
responsabilitk de SPTrans. Le programme de qualitk 
de la municipalit6 dktermine le niveau de qualitk et 
son kvolution tout au long de l’avancement du 
concours, trois aspects ayant chacun la mEme valeur 
pour I’obtention du Prix sont retenus : 

- l’offre programmke en vkhicule-km 
effectivement rkalisee ; 

- 1’Ctat de la gestion de la qualitk rkaliske par 
I’exploitant, selon les critkres du Prix National de la 
Qualitk ; 

- la satisfaction des usagers. 
I1 y a de grandes variations entre les diffkrents lots 

quant au niveau de satisfaction, l’identification des 
points critiques est fondamentale pour amkliorer en 
priorit6 le service de ces lignes. Le Prix contribue a 
un environnement de compktitivitk inexistant 
antkrieurement, qui a pour conskquence une 
amklioration de la gestion et des services offerts a la 
population de la ville de Siio Paulo. 

Des mesures d’amklioration de la qualitk de 
service qui font leur preuve dans les pays du Nord 
pourraient &re mises en oeuvre en prioritk dans les 
pays kmergents comme la coniplkmentarite physique 
entre les modes de transport : 

- concevoir des infrastructures nouvelles de 
transport collectif en site propre et les 
restructurations de rkseaux qui en decoulent, dans le 
sens d’un maillage general du territoire a desservir, 
minimisant les temps de dkplacement pour 
I’ensemble des voyageurs ; 

- dans le cas de rkseaux en site propre dkji 
rkalises, remkdier aux maillons manquants en 
minimisant les ruptures de charge ; 

- en zones pkriphkriques, systematiser 
l’organisation de rabattement sur les gares de 
chemins de fer et les lignes interurbaines ou urbaines 
: c’est sans doute 18 que devrait Etre organise le 
transport alternatif par minibus, vans, combis, etc. 

D’autres actions comme la qualitk des points 
d’kchange, l’harmonisation des horaires, les 
tarifications integrees mais aussi des vkhicules bien 
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adapt& et confortables et des infrastructures 
entretenues sont tout aussi prioritaires de faqon a 
rkagir devant l’envahissement de l’automobile. 

7 CONCLUSION 

La limitation de l’usage de la voiture particulikre en 
ville au nord c o m e  au sud devient une nCcessit6 
incontournable. L’alternative est un transport public 
de qualite. Ainsi, si le niveau de performance des 
principaux critkres que sont la disponibilitk, 
l’accessibilitk, l’intermodalite, le confort, la regularit6 
et la securitk, reste devC, la qualite de service devrait 
satisfaire les clients. Les mesures tendant a modifier 
directement le niveau de service des TC ont des 
effets positifs sur leur frequentation, surtout 
lorsqu’elles ameliorent leur rkgularitk, leur vitesse 
comrnerciale et leur frequence. En Suisse oh la 
population a et6 consultee pour tous les grands 
investissements de TC, les autorites ont applique 
sans hesiter une politique restrictive a 1’Cgard des 
automobilistes et se sont donnees les moyens 
d’offrir des transports de surface de qualitk dks le 
dCbut des annkes 70 avec la priorite aux carrefours a 
feux, un suivi en temps reel a l’aide de SAE et 
l’intkgration tarifaire pour tous les modes de 
transport public dans le perimetre des transports 
urbains ou la region. 

Les systkmes de TCU des pays kmergents se 
distinguent des systkmes de transport des pays 
dkveloppks par les conditions dans lesquelles se 
dkroule l’exploitation, la charge des vkhicules et des 
stations, le respect ou non de la separation des sites 
utilises par la circulation genkrale et le systkme de 
transport, la prise en compte ou non des vehicules 
aux few, etc. Ces systkmes demandent a avoir un 
suivi de la qualite du service offert. Diffkrents outils 
et methodologies existent a travers le monde pour 
suivre et amkliorer cette qualitk. Les autorites 
doivent avant tout decider de donner ou renforcer la 
prioritk aux TC sur la circulation gknerale et financer 
des infrastructures en site propre pour resoudre les 
problkmes urgents de capacitk de transport. Tout 
retard dans l’obtention de ces financements favorise 
la place de l’automobile dans la ville. La 
complementaritk physique entre les modes de 
transport, la qualitk des points d’kchange, 
l’harmonisation des horaires, les tarifications 
intkgrkes se regleront normalement ensuite entre 
gestionnaires et exploitants des transports publics 
car ces partenaires ont des inter& convergents. 
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ABSTRACT : We present some possible improvements of Urban Public Transport (UPT) about congestion 
management, UPT priority, traffic calming, using of new intermediate system technology, use of park and 
ride, information given before, during and after journeys, integration of public transport services, promotion 
and marketing of UPT and generally service quality. The objective being pursued of course being to satisfy 
and retain the existing clientele as well as attracting non-users who would opt for UPT, thus becoming a 
serious alternative to the use of private car in town. 

R6SUME : Nous prCsentons quelques amCliorations possible des Transports Collectifs Urbains (TCU) 
relatives B la gestion des encombrements, la priorit6 aux TCU, la modCration de la circulation, l'utilisation de la 
nouvelle technologie des systkmes intermkdiaires, I'usage des parkings de dissuasion, I'information avant, 
pendant et aprks les voyages, I'intCgration des services de TCU, la promotion et le marketing des TCU et en 
gkntral la qualitC de service. L'objectif poursuivi bien sQr est de satisfaire et de retenir la clientde actuelle et 
aussi attirer d'autres utilisateurs qui choisiraient les TCU, devenant ainsi une alternative sirieuse B l'usage de 
l'automobile en ville. 

RESUMEN : Presentamos algunas mejoras posibles de 10s Transportes Urbanos (TU) relativos a la gesti6n de 
la congestidn, la prioridad a 10s TU, la moderaci6n de la circulaci6n, la utilizaci6n de la nueva tecnologia de 10s 
sistemas intermediarios, el us0 del estacionamento disuasivo, la informaci6n antes, durante y despuCs de 10s 
viajes, la integraci6n de 10s servicios de TU, la promoci6n y el marketing de TU y en general la calidad del 
servicio. El objetivo buscado es la satisfacci6n y atracci6n de la clientela actual y tambikn atraer nuevos 
usuarios a1 TU, convirtikndose asi en una alternativa a1 us0 del autom6vil en la ciudad. 

1 INTRODUCTION 

(< Nous ne pouvons plus nous permettre de laisser 
entrer de plus en plus d'automobiles dans les centre- 
villes (...). Nous devons accepter de larges 
interdictions de la voiture particulike dans les 
centre-villes. )) Ainsi s'exprimait il y a 10 ans le 
President de Volvo dans une interview au magazine 
Der Spiegel, Quidort (1 99 1). Les constructeurs 
d'automobiles ont bien compris que l'usage 
inconsidirk de celles-ci crke plus d'inconvknients 
que d'avantages. Pourtant de nombreux schkmas et 
actions vis Q vis de la circulation urbaine ont ktk 
conqus et adoptks pour rkagir contre la congestion de 
la circulation urbaine depuis les annkes 1960. 

Apres une pkriode de construction de grandes 
infrastructures qui a permis d'accroitre la possession 
et l'utilisation des automobiles, il semble maintenant 
qu'il y ait un consensus pour lutter contre la 
congestion en dkfinissant et en mettant en oeuvre 
des politiques gknkrales de dkplacement : 84% des 
citoyens interviewks dans 13 pays d'Europe 

estiment que la prkfkrence devrait &re donnie aux 
transports publics plut8t qu'Q l'automobile dans les 
espaces encombrks. En Allemagne et en Suisse par 
exemple, I'accroissement du PNB et du parc 
automobile n'ont pas entrain6 le dkclin du transport 
public mais ont au contraire favorisk son 
developpement en parallde avec l'utilisation 
d'autres modes de transport, Laconte (1996). 

Les transports collectifs urbains (TCU) ont 
benkficie d' innovations technologiques considkrables 
ces vingt dernihes annkes. Les rkseaux se sont 
dkveloppks et modernisks, de nouvelles garnmes de 
matkriels et de systemes sont aujourd'hui en service. 

La qualitk et 1' attractivitk du service public se 
sont renforckes. Les conditions d' exploitation se 
sont transformkes. Davantage de skcuritk, de 
souplesse et d' adaptation aux besoins sont assurkes 
grice aux possibilitks offertes par l'automatisation. 
L' kvolution des TCU a ktk marquke par I'apparition 
de systkmes dits "intermkdiaires" entre d'une part les 
systemes "lourds'' de type mktro conventionnel ou 
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rkgional et d’autre part, les rkseaux d’autobus ou de 
trolleybus circulant au sol en site plus ou moins 
protkgk, Kuhn (1 997). 

La qualitk de vie des citadins peut aujourd’hui 
etre amkliorke griice a de nouveaux concepts et de 
nouvelles technologies offrant plus d’information, de 
souplesse, de confort, de fiabilite, de skcuritk et de 
vitesse, etc. Les nouvelles technologies 
d’exploitation permettent au transport public de 
satisfaire les attentes de la population et par 
conskquent d’augmenter le nombre d’usagers. 

Les rkcents progrks rkalisks dans l’information en 
temps rkel des passagers (horaires et disponibilitk) 
permettent un meilleur kquilibre entre l’utilisation 
des diffkrents modes de transport et facilitent 
l’intermodalitk. Ainsi a Karlsruhe, des vkhicules 
roulant sur les voies du tramway et du chemin de fer 
ont ktk mis en service : ce systkme tram-train kvite 
les ruptures dans la continuitk des trajets et les 
problkmes qui en rksultent, ce qui a quadruplk la 
demande. 

2 L’ESPACE PUBLIC 

2.1 Le partage inkgal de l’espace public 

L’environnement de I’homme en ce dkbut de XXIi‘me 
sikcle est surtout urbain : l’organisation des 
dkplacements est un des enjeux essentiels pour la 
qualitk de la vie et le dCveloppement kconomique. 
L’automobile s’est approprike la plus grande partie 
de l’espace viaire. Les systkmes de TCU sont 
beaucoup mieux adaptks que l’automobile pour 
assurer la majeure partie des dkplacements urbains, 
en particulier ceux A destination des centres villes car 
ils n’utilisent qu’un espace au sol tris rtduit pour le 
stationnement et rentabilisent au mieux la capacitk 
d’kcoulement des voies de circulation : la 
consommation d’espace et les nuisances diminuent. 

Aprks avoir dkfini le r61e et le statut de l’espace, 
il est nkcessaire de rkaffecter une part plus 
importante de cet espace a l’usage du transport 
urbain ; non seulement les TCU ont besoin de sites 
propres pour concurrencer valablement 
l’automobile, mais en outre cette appropriation 
d’espace urbain s’avkre parfaitement lkgitime au 
regard de l’efficacitk relative des modes de 
dkplacement par rapport a leur consommation 
d’espace. Ainsi, l’autobus assure a Paris et l’fle de 
France 30 % des dkplacements en TC malgrk une 
vitesse commerciale peu attractive, n’occupant 
qu’environ 3 % de la voirie. 

2.2 Les dkskquilibres centre - pkriphkrie 

Au modkle simple de liaisons quasi-exclusives entre 
centre et banlieues, il faut aujourd’hui substituer un 

schkma multi-directionnel, ou s’interpknktrent le 
monde rural et le monde urbain. Ainsi en fle de 
France la mobilitk (en terme de migrations 
alternantes selon l’horaire de pointe) en TCU dkcroit 
au fur et a mesure que l’on s’kloigne du centre de 
Paris : les dkplacements en automobile de banlieue- 
banlieue ont augmente d’annkes en annees depuis 
1970 reprksentant en 1991-92 68,9 % de la part 
modale en fle de France. Ces trajets pkriphkriques en 
TCU reprksentent 24,4 % de part modale alors que 
pour les liaisons Paris-banlieue et Paris-Paris cette 
part reprksente respectivement 70’2 % et 75’4 % 
des dkplacements en 1991-92, Merlin (1997). Les 
analyses de la demande et de l’offre de transport 
montrent que seuls les TCU peuvent assurer les 
trafics les plus intenses dans le centre de 
l’agglomkration et sur les axes radiaux aux heures de 
pointe. L’automobile assure I’essentiel des trajets 
banlieue-banlieue et pour tous motifs atteind 65’6 % 
de part modale, tandis que les TCU atteignent 
28,1% de la part modale. La politique de transports 
selon P.Merlin ne peut etre en fle de France 
(( qu’une recherche de la meilleure complkmentaritk 
possible entre l’automobile et les transports en 
commun. C’est la voie choisie par le Schkma 
Directeur de la Rkgion fle de France (SDRIF))). 

2.3 Une politique globale des dkplacements 

Le service qu’attend le voyageur est de pouvoir aller 
aiskment d’un point un autre quelque soit le mode 
ou l’opkrateur concernk. Les plans de circulation et 
de stationnement sont insuffisants pour traiter avec 
pertinence des problkmes de dkplacements. 

Le dkplacement est un concept plus global qui 
part des besoins de l’usager puis essaie de structurer 
l’organisation des diffkrents modes y compris la 
marche a pied et des diffkrents services, en tentant 
de tirer profit des potentialitis de chacun tout en 
prenant en compte l’intkret gknkral. Le choix de 
l’usager doit pouvoir s’exercer dans un cadre mieux 
dkfini : le plan de dkplacement urbain (PDU) qui est 
le lieu d’analyse et d’organisation des flux, un outil 
de planification. Dans ce PDU tous les modes et 
toutes les techniques doivent etre cernkes : 
l’automobile, les TCU, les taxis, les deux-roues, les 
transports de marchandises, etc. 

2.4 La gestion de la circulation 

Cette gestion peut s’amkliorer en rkduisant si 
possible le nombre de vkhicules en circulation, en 
supprimant la circulation de transfert par le centre- 
ville, en mettant des voiries pkriphkriques a 
disposition et un plan de circulation dissuasif, en 
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limitant les places de parkings au centre et les 
reportant a la pkripherie a proximite d’un systkme 
de TCU. La limitation de la circulation peut aussi se 
faire par des programmes de gestion du trafic par 
(( cellules de circulation )) instituees dans plusieurs 
zones du centre d’Athknes par exemple, en creant 
des sas oh sont retenus les vehicules aux heures de 
pointe afin de les dissuader de s’approcher du centre 
(syst&me Gertrude a Bordeaux). La restriction 
d’accks au centre historique de villes italiennes 
validee par referendum municipal s’impose dans 45 
villes : seuls les vkhicules de services autorises 
munis de vignette penktrent dans la zone centrale. 
Les vehicules du systkme TCU circulant mieux 
attirent naturellement les automobilistes ce qui doit 
aussi alleger la congestion de la circulation. 

2.5 Le pCage urbain 

Le peage urbain adopt6 en Norvkge (Oslo, Bergen et 
Trondheim) permet aux municipalitCs de dkgager des 
ressources pour investir dans les TCU et la voirie : 
on constate aussi une reduction sensible de la 
circulation. Ce systkme est aussi a 1’Ctude dans 
d’autres villes europkennes et a travers le monde, 
Kiihn & Hayat (1999). Plusieurs etudes ont montre 
que le transfert de l’automobile vers les TCU 
n’augmenterait que si les services d’autobus et 
chemins de fer sont ameliores et leurs tarifs reduits 
en meme temps que le peage urbain est applique. 

3. L’EXPLOITATION DES TRANSPORTS 
COLLECTIFS 

3.1 La priorite aux transports publics 

Dkgages des aleas de la circulation, les TCU sont 
theoriquement susceptibles d’assurer une vitesse 
commerciale supkrieure a 20 km/h et une rttgularite 
convenable : les seules perturbations proviennent des 
echanges en station et de la gene mutuelle des 
vthicules. L’amenagement de sites propres au sol 
prockde donc d’une volontk d’ameliorer l’effcacitk de 
la voirie existante en accordant aux TCU un domaine 
reserve et une certaine priorite au franchissement des 
carre fours. 

Le niveau de service offert aux voyageurs et la 
capacite maximale de transport des systkmes de 
Transport en Commun en Site Propre (TCSP) au sol 
varient considerablement selon le vkhicule utilise et 
selon que le site propre est implant6 hors voirie, sur 
autoroute ou sur voirie urbaine et, dans ce dernier 
cas, selon le niveau de protection, necessairement 
imparfait dans les centres des villes. 

L’amklioration de la priorite aux TCU peut etre 
effective lorsque il y a une redistribution des 
emprises routikres disponibles pour accorder plus 
d’espace aux TCU et aux piktons : parallklement un 
espace moindre est concede aux vehicules a usage 
prive. Ainsi le concept du ((modkle de Ziirich)) 
s’applique au reseau routier de la cite historique de 
Zurich et definit l’aptitude de cette ville a integrer un 
systkme de TCU a la fois moderne, rapide et fiable : 
L’un de ses principaux objectifs vise a garantir la 
commodite d’accks du centre-ville en recourant a un 
systkme de TC attrayant et peu cofiteux, Joos 
(1990). Par ailleurs la priorite de passage aux TCU 
s’effectue avec la maitrise parallkle des conditions de 
circulation et de stationnement des automobiles : les 
axes utiles pour les TCU sont degages de tout 
obstacle engendre par la presence d’automobiles et 
de vkhicules de livraison a l’arret. Ainsi, les sites 
proteges par de la signalisation mais non skpares par 
des cl6tures ou il6ts sont respectes en Suisse mais 
ne le sont pas necessairement ailleurs. 

3.2 Les systkmes de priorit6 

La mise en oeuvre de mesures de priorit6 pour les 
TCU n’est pas un concept nouveau ni 
revolutionnaire. Elle varie de mesures simples, 
comme les feux altemes aux intersections critiques, a 
l’implantation de voies aeriennes en site &park pour 
autobus. De nouvelles dimensions ont ete reunies a 
la notion de prioritt pour les TCU sur pneus : le 
concept adopte n’est plus limite aux mesures 
physiques et d’exploitation locale pour favoriser le 
mouvement de vkhicules individuels ou en convois. 
Ainsi, autrefois la decision de prolonger la duree de 
temps de vert des feux pour un autobus Ctait prise 
individuellement par le detecteur le plus proche des 
feux, les systkmes ITS (Intelligent Transport 
System) permettent maintenant au poste central de 
contr6le de geer la circulation de la ville en tenant 
compte du retard de chaque autobus qui 
s ’approchent d’une intersection, avec d’eventuels 
prejudices a la progression des vehicules non 
prioritaires. La notion de priorit6 aux TCU s’est 
Clargie a un ensemble de mesures physiques et 
d’exploitation locales et globales qui offrent des 
reductions de coGts generalises aux usagers des TCU 
et qui contribue a la reduction des externalitis 
negatives engendrkes par la circulation sur la voirie 
urbaine, Lindau & Kuhn (1 999). 

3.3 La moderation de la circulation 

Des mesures de moderation de la circulation (traffic 
calming) ont Cte introduites avec succks dans un 
certain nombre de villes du Danemark, des Pays Bas 
et d’Allemagne ou elles sont le plus largement 
appliquees ; ces mesures ont pour objectif de reduire 
les vitesses et le nombre de victimes et de rendre les 
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quartiers plus plaisants et mieux adaptks aux besoins 
des piktons et des cyclistes. Ces mesures ne sont 
vkritablement efficaces que si elles sont appliqukes 
sur l’ensemble d’une zone ou meme d’une ville avec 
des prioritks clairement dkfinies en matikre de 
transport. Ces mesures sont complkmentaires de 
celles qui donnent la prioritk aux TCU. 

3.4 L’organisation des transports urbains 

L’organisation du transport akrien et du transport de 
marchandises a traverse une phase de rupture avec 
l’introduction du principe de tt hub and spokes )) ou 
plaque tournante d’akroport et lignes akriennes. 
Ainsi ce type d’organisation est utilise dans la 
messagerie express ou les colis expkdies de toutes les 
villes des USA sont regroupks par avion dans la nuit 
sur un akroport localisk au centre du pays, Nikrat 
(1998). La prise en compte du dkplacement global 
du passager et souvent des consommations en amont 
et en aval avec des numkros de vols uniques pour un 
dkplacement faisant appel a plusieurs appareils 
successifs et une maitrise complkte des 
correspondances est rkgulikrement effectuke par les 
compagnies akriennes. 

Pour relever le defi des TCU avec succks ne 
pourrait on pas examiner ce que ce type 
d’organisation pourrait apporter a l’amklioration de 
l’efficacitk et donc de la frkquentation des TCU ? 

L’automobile a des contraintes comme les 
embarras de la circulation, les feux, des plans de 
circulation dissuasifs, etc. mais elle roule directement 
vers son but final. Les vkhicules de TCU sont 
omnibus, ces systkmes perdent leur attractivitk dans 
les zones de faible densitk et en dehors des heures de 
pointe, la voiture circulant alors aisement. 

Le schkma traditionnel de dkplacement marche a 
pied - liaison TC - marche a pied pourrait etre 
amkliore par un schema automobile/deux-roues - 
liaison TC - marche a pied etlou vkhicule en self 
service, ce dernier schkma s’ inspirant du rkseau 
t( hub and spokes )), le hub ktant la station d’kchange 
TC/automobile a c6tk de laquelle on trouve un 
parking de dissuasion pour automobiles, un parking 
A vklos, une gare routikre ou arrivent d’autres lignes 
de TC en rabattement. La liaison continue TC 
(spoke) pourrait Etre exploitee selon le site 
gkographique, selon l’histoire des transports de la 
ville, selon la demande a court et moyen terme, par 
les chemins de fer (RER, train de banlieue), le 
tramwaylmktro Ikger, le mktroNa1, des systkmes 
intermkdiaires tels que tramways sur pneus, 
trolleybus ou bus articulks en site propre, Lauer 
(1994). Cette liaison doit Etre prolongke jusqu’au 
centre car d’importantes augmentations de 
frkquentation ont ktk constatkes partout oh les lignes 
suburbaines ont ktk prolongkes jusqu’ au centre-villes 
( E R  a Paris, S-Bahn a Munich, liaisons Cologne- 
Bonn, etc.). A Berne, sur le rkseau RBS entre 1973 

et 1975 il y a eu 35 % d’augmentation de la 
frkquentation, Biile 20 % sur le rkseau BLT entre 
1985 et 1987. 

3.5 Les nouvelles technologies au service de 
1 ’exploitation 

De nouveaux kquipements tels que les systkmes 
d’aide a l’exploitation (SAE) ont ktk mis en place sur 
les rkseaux de TCU (autobus, tramways, mktros) 
pour augmenter d’abord leur productivitk. Ces 
systkmes de rkgulation informatisks permettent de 
dkcaler les departs pour respecter les intervalles et 
de donner aux conducteurs les indications 
necessaires pour rkgler leur allure par rapport a une 
marche-type. Le PCC ayant une vision de la 
position des rames par rapport a la position 
thkorique communique un ordre d’accklkrer ou de 
ralentir, il agit de plus sur le fonctionnement des feux 
de circulation en accordant a la rame une prioritk 
proportionnelle au retard. Les SAE facilitent une 
meilleure adaptation de l’offre de transport aux 
conditions de circulation. 11s sont de vkritables outils 
de rkgulation du trafic et sont utilisks cqmme 
support d’information du public. Les donnkes 
transmises par le SAJ3 permettent d’alimenter un 
systkme d’information dynamique des voyageurs 
qui transmet sur les quais et dans les zones d’accks 
toutes les informations en temps rkel sur les 
services. Criice aux informations communiqukes, le 
voyageur est en mesure d’adapter son 
comportement en consequence et de mettre a profit 
le temps d’attente. 

De la meme faqon, l’application de l’automatisme 
intkgral de conduite aux nouveaux systkmes de 
transport a permis d’obtenir des performances 
techniques (vitesses klevkes, rkduction des 
intervalles entre rames, accroissement de la skcuritk) 
que la conduite humaine ne permettait pas d’obtenir. 
En effet aux heures de pointe sur le rkseau de mktro 
urbain de Paris et d’autres rkseaux a travers le 
monde, la plupart des lignes fonctionnent depuis une 
vingtaine d’annkes dkja en automatique au moins aux 
heures de pointe, c’est a dire a celles ou la conduite 
doit Etre la plus performante et oh l’attention des 
conducteurs risquerait d’etre sollicitke au-dela de ce 
qui est humainement possible. L’automatisation 
intkgrale et la haute frkquence de passage permet 
une rkduction de la capacitk unitaire des vkhicules (la 
productivitk de l’exploitation n’est alors pas mise en 
cause par l’accroissement du nombre de vkhicules 
automatiques en circulation). La rkduction de la taille 
des vkhicules permet d’allkger le systkme de 
roulement, on peut adopter par exemple l’essieu de 
camion a la place du boogie a deux essieux, l’insertion 
de petit vkhicule est plus facile dans les traces 
sinueux, outre les dimensions, le poids global est 
diminuk ce qui permet de rkduire les dimensions des 
ouvrages de genie civil et la voie. 

300 



Llessor trks rapide des technologies likes a 
l’klectronique et a l’informatique annonce des gains 
de productivitk accrus imposant aux rkseaux de 
transport collectif une kvolution croissante vers 
l’automatisation. 

3.6 Les systkmes intermkdiaires 

Le systkme de transport intermkdiaire en surface 
permet d’exploiter un plus grand nombre de lignes y 
compris en banlieue dans des zones de densitk 
moyenne. D’ou l’idke du maillage qui est aussi le 
moyen d’adapter la structure traditionnelle 
radioconcentrique du rkseau a l’kvolution de la 
demande en instaurant des lignes de rocade 
connectkes aux axes radiaux. Un des atouts du 
systGme intermkdiaire est sa souplesse qui lui 
permet de quitter le site propre pour aller sur la 
route en site banal desservir la banlieue, par exemple. 
Mais cette souplesse peut etre aussi un inconvknient 
c’est a dire que le make  d’ouvrage ne rkalise pas le 
site propre 1a oh c’est le plus contraignant et donc E 
oh il est le plus nkcessaire. La desserte fine des 
zones a faibles densites ne doit pas augmenter les 
coQts d’exploitation du tramway sur pneus, son taux 
de remplissage devenant trop faible, Kiihn (1998). 
Le trolleybus guidk ou le tramway sur pneus, le 
tramway lkger et le tramway hybride ce demier 
utilisant a la fois les chemins de fer existants et de 
nouvelles infrastructures dans des centres urbains, 
sont les vkhicules adaptes aux systkmes de transport 
urbain intermkdiaires. 

3.7 Les parkings de dissuasion 

Faciliter l’utilisation des parcs de stationnement en 
pkriphkrie, inciter les automobilistes a se rabattre sur 
les axes lourds en amont des zones encombrkes 
conduit a une tarification intkgrke offrant pour un 
titre unique le stationnement et l’accks aux TC. 
Accroitre l’utilisation de parkings de dissuasion 
conduit a amkliorer la part modale des TC si la 
correspondance est optimisee du point de w e  
confort et temps de dkplacement. 

3.8 De nouvelles liaisons 

La ville n’est plus le seul lieu d’habitation, les 
citadins s’ktendent de plus en plus loin en 
pkriphkrie. Le rkseau de TC seul ne peut plus 
rkpondre a tous les besoins, il faut ktablir ou 
renforcer de nouvelles liaisons directes et efficaces 
entre la ville et sa rkgion. 
Au centre, l’accks et la desserte des zones 
piktonniires, la desserte des centres commerciaux et 
d’activitks continuent etre effectuks par les TC. 
En pkriphkrie, le rabattement de chemins 
piktonniers, de voirie secondaire s’effectuent sur les 
axes de TC, des parcs de stationnement pour les 

voitures et les deux-roues sont installks a proximitk 
des gares ou des stations de TC. 

Les lignes principales d’autobus doivent etre 
renforckes pour reduire le temps de dkplacement. 
Pour des raisons de coQt d’exploitation les 
exploitants utilisent de plus en plus sur les lignes 
principales des autobus de grande capacitk articulks 
ou bi-articulks (Bordeaux, Curitiba) qui circulent a 
intervalles assez courts en heure de pointe puis plus 
longs aux heures creuses dissuadant ainsi les clients 
potentiels. On peut imaginer l’introduction de bus 
express aux heures de pointe, de minibus (coletivos 
de Buenos aires qui concurrence le mktro) ou 
midibus en Angleterre qui exploit6 avec une bonne 
.Frkquence a Leeds, Swansea, Newbury ont amkliork 
la frkquentation des TC passant a court intervalle 
tout au long du jour avec un taux de remplissage 
maximum, Watts & al. (1990). De nouvelles lignes 
de TC desservant des zones universitaires comme a 
Lausanne et a Amsterdam ont vu leur demande en 
augmentation significative. 

3.9 L’information 

L’accks a une information intermodale permet au 
voyageur de choisir avant son dkpart voire, a terme, 
en temps rkel la meilleure combinaison de modes 
pour atteindre sa destination. Les informations 
dklivrkes avant le dkplacement (a la maison, aux 
arrets), pendant (a bord des vkhicules) et aprks le 
dkplacement peuvent s’amkliorer par l’utilisation 
des moyens modemes de distribution de 
l’information - tklktexte TV, Intemet, Minitel -, etc, 
de sorte que l’information puisse etre obtenue 
facilement. Foumir ces renseignements a l’arret ou a 
la gare est souvent trop tard car une partie des 
clients potentiels a dkja choisi l’automobile. La 
technologie GPS (Global Positioning System), est de 
plus en plus utiliske pour foumir la position prkcise 
du vkhicule. Le transfert de donnkes mobiles va 
permettre de transmettre l’information a d’autres 
systkmes et enfin a l’usager chez lui qui connaitra 
ainsi l’heure a laquelle le vkhicule passe a l’arret 
s i tuk  a proximite, d’ou une rkduction du temps 
d’attente et de l’incertitude d’obtenir un vkhicule de 
TCU : le transport public devient ainsi plus 
attrayant et la solution de facilitk qui ktait seulement 
rkservke a l’automobile s’klargit aux TCU. 

3.10 La qualite du service 

Les TCU urbains assurent en France en moyenne 
autour de 20 % des dkplacements. A Siio Paulo, par 
exemple, les TCU assurent un tiers des 
dkplacements de la Region Mktropolitaine de Siio 
Paulo. I1 est vraisemblable que l’automobile 
conservera encore une part modale importante dans 
les dkplacements des grandes agglomkrations A 
travers le monde. Pour que les diffkrents systkmes 
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de TCU soient prkfkres a l’automobile, il faut que 
chacun de ces systkmes apportent des gains sur les 
temps de dkplacements, sur le confort, sur la 
skcuritk, sur l’accueil et l’information : il est donc 
primordial d’amkliorer leur qualitC de service. 

Dans le domaine des temps de dtplacements c’est 
la priorite aux TCU qui fait ses preuves : de 
veritables sites propres doivent Etre mis en place 
pour assurer le gain de temps sur les parcours en 
centre-ville a l’heure de pointe par rapport a 
l’automobile, Lefevre & Offner (1990). 

L’amklioration du confort de l’usager passe par 
l’accessibilitk du systeme et des vihicules et une 
meilleure information : sur le temps reel d’attente a 
l’arrst, la connaissance continue de la situation du 
trafic, l’intkgration des services, l’exploitation, les 
tableaux horaires, la capacitk d’offre, la billeterie, les 
fonctionnalitks des arrets et des stations d’kchange, 
les conditions d’attente et le confort des vkhicules, 
etc. 

La billeterie doit &re simple, le prix et la facilitk 
d’acces au systeme de TCU sont deux des facteurs 
essentiels determinants pour le choix entre 
l’automobile ou les TCU. Des technologies rkcentes 
offrent une vaste gamme de moyens de paiement 
ainsi que des politiques de tarification individuelles : 
des rkseaux de TCU a travers le monde ont introduit 
des systkmes de perception pour lesquels les 
voyageurs doivent prksenter leur billet a l’entree et a 
la sortie ce qui permet de calculer le prix du trajet sur 
la base de la distance reellement parcourue. 
L’utilisation de la carte Smartcard sans contact 
c o m e  titre de transport va faire disparaitre les 
temps d’attente aux barrieres d’entree-sortie des 
systemes de TCU, cette technologie va s’ktendre a 
l’ensemble des systemes de transport de l’autobus 
aux metros ainsi qu’a d’autres services comme le 
tklephone, parlung, etc. Les rCseaux d’autobus de 
SCoul (8.700 bus kquipes en 1996) et de S5o Paulo 
debut 2000 (12.000 bus) sont actuellement les dew 
plus grands rkseaux du monde a kitre kquipes en 
valideurs sans contact. 

L’usager est sensible a une haute fiequence de 
passage qu’apporte l’automatisme integral, en 
supprimant toute longue attente en station. Cette 
qualitk redonne de l’attrait au transport public. De 
plus, cette haute frkquence peut etre aussi obtenue 
en heures creuses en fractionnant les rames entre 
heures de pointe et heures creuses ce qui apporte une 
souplesse supplkmentaire d’exploitation. 

4. CONCLUSION 

La circulation automobile excessive, particulierement 
dans le centre des agglomkrations, est un facteur de 
dktkrioration de la qualitk de la vie urbaine. 
L’expkrience de certaines villes nouvelles montre que 
la circulation automobile peut kitre maitrisee. Le 
dkveloppement des zones piktonnes parfois 

couplkes avec la circulation exclusive des 
autobus/tramways (par exemple, la Fupgiinger Zone 
de la Bahnhofstrape a Zurich) dans de nombreuses 
agglomhrations europkennes indique des solutions 
possibles. L’augmentation de la mobilite urbaine like 
aux mutations de l’environnement kconomique et 
social appelle une croissance nouvelle des TCU. 
La nouvelle gknkration de TCU baske sur les 
techniques numkriques apporte des ameliorations 
importantes au transport urbain a des coQts 
raisonnables. Cette nouvelle generation de TCU se 
traduit par exemple, par le passe sans contact ou le 
pCage de l’an 2000 a Paris, S5o Paulo et Seoul, la 
radiolocalisation des mobiles qui permet une gestion 
centraliske de la skcuritk des autobus et fournit aux 
arrEts les temps d’attente des dew prochains bus et 
a bord les temps de trajet, une information intCgrke 
et performante sur l’offre de transport et les rames 
de mktro a grande fikquence. Les citadins souhaitent 
de plus en plus de mobilite avec facilitk, agrkment et 
en toute skcuritk, la mise en service de nouvelles 
generations de TCU va klargir leurs possibilitks de 
deplacement et sans doute arreter l’expansion de 
l’automobile dans la cite. 
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ABSTRACT: The objective of this document is to describe the application of logistics in the services indus- 
tries, specially, in urban transportation firms, as a mechanism for increase their competitiveness and decrease 
their impact on the environment. 

RkWME: L’objectif de cet document est decrire l’application de la logistique dans les entreprises de services 
de transport urbain, comment une forme d’augmenter sa compktitivite et la diminution de l’impact sur 
l’environnement. 

RESUMEN: El objetivo de este documento es describir la aplicacion de la logistica en las empresas de servi- 
cios, particularmente, en las empresas de transporte urbano, como un niecanismo para aumentar su competi- 
tividad y disminuir su impacto negativo sobre el medio ambiente. 

1 INTRODUCCION 

En la ultima decada la logistica se ha convertido en 
una herramienta estrategica que permite a las empre- 
sas competir de manera activa en un ambiente in- 
ternacional mas competitivo. Sin embargo, la de- 
finicion tradicional de la logistica orientada a la 
produccion y distribucion de bienes es demasiado 
estrecha para reflejar su posible aplicacion en las or- 
ganizaciones de servicio. Una definicion mas amplia 
que involucra tanto la cadena de abastecimiento 
como la respuesta de servicio : “La logistica es el 
proceso de anticiparse U Ias necesidades y deseos de 
Ios clientes, aplicando capital, materiules, personal, 
tecnologias y Ia informacidn necesuria para satis- 
facer estas necesidades y deseos, optimizando la red 
de produccidn de bienes o sewicios para satisfacer 
10s requerimientos del cliente de manera oportuna ”, 
Little (1991), tiene la ventaja de reconocer que 10s 
clientes quieren beneficios, 10s cuales pueden ser 
bienes, servicios o ambos. 

Por otro lado, el transporte es un factor impor- 
tante en la logistica tanto de empresas de produccion 
como en organizaciones de servicio, mas aun, las 
empresas de transporte pueden clasificarse dentro de 
&as ultimas, de ahi, que resulte casi natural la apli- 
cacion de la logistica hacia el interior de las propias 
empresas de transporte, no solo como un element0 
componente de la cadena de abastecimiento o de la 
logistica de servicio de otras empresas, sino como 

una empresa de servicio que requiere mejorar su 
competitividad. 

Particularmente, la aplicacion de la logistica en 
las empresas de transporte urbano redundara tanto 
en beneficios economicos como en un menor im- 
pacto a1 ambiente, mediante la mejor utilizacion de 
su flota vehicular, un mejor calculo de su capacidad, 
un conocimiento mas real de su estructura de costos, 
una mayor preferencia por parte de 10s usuarios, 
como consecuencia de un nivel mas alto de servicio, 
una mejor programacion de corridas (rutas y ho- 
rarios), mantenimiento de vehiculos y la utilizacion 
de tecnologias alternativas favorables a1 medio am- 
biente. 

Este documento tiene por 10 tanto, el proposito de 
describir la aplicacion de la logistica en las empresas 
de transporte urbano, como un mecanismo para au- 
mentar su competititividad y disminuir su iinpacto 
negativo sobre el medio ambiente. 

2 LA LOGiSTICA EN LAS EMPRESAS DE 
SERVICIOS 

La logistica de la cadena de abastecimiento es el 
manejo de materias primas, materiales en proceso e 
inventarios de productos terminados desde su punto 
de origen hasta su punto de consumo; y es el proceso 
tradicional asociado con la produccion y distribucion 
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de bienes. La logistica de la cadena de abasteci- 
miento tambikn existe en las organizaciones de 
servicios, sin embargo, tiene un papel secundario 
para la administracion, programacion y soporte de la 
capacidad de la red para servir. La logistica de 
respuesta de servicio, es el proceso de coordinar to- 
das las actividades necesarias para proporcionar el 
servicio a un costo y de una manera efectivos. Fre- 
cuentemente, la logistica de respuesta de servicio es 
el nucleo de las operaciones de las organizaciones 
que proveen servicios. Un element0 critic0 de la 
logistica de respuesta de servicio, es la provision de 
entradas en el punto de entrega del servicio (por 
ejemplo: una maquina contestadora, un m6dulo o 
un telkfono de informacion). Incluye actividades 
para anticipar las necesidades, programar la capaci- 
dad de la red para servir y brindar 10s canales nece- 
sarios para satisfacer 10s requerimientos de 10s 
clientes. 
La logistica de respuesta de servicio tambikn existe 
en las organizaciones que producen bienes per0 es 
relativamente una funcion menor y tiene un impact0 
limitado sobre las utilidades y la ventaja competitiva 
de la organizacion. La fig.1 muestra la diferencia en 
importancia de la logistica de la cadena de abasteci- 
miento y la logistica de la respuesta de servicio en 
las empresas productoras de bienes y las productoras 
de servicios. 

Tanto las organizaciones que producen bienes 
como las de servicios deben realizar las mismas fun- 
ciones basicas en sus negocios, por ejemplo, ambas 
deben: 

Crear o identificar necesidad 
Pronosticar y planear la respuesta 
Construir capacidad y/o inventario 
Aceptar pedidos y autorizar su cumplimiento 
Asignar capacidad y/o inventario para cumplir con 
un pedido 
Usar optimamente la red para responder a un 
pedido 
Entregar beneficio a travks del canal de distribu- 
ci6n 
Dependiendo de la forma en que las organizacio- 

lies satisfacen 10s requerimientos del cliente, se pre- 
sentan variaciones en estas funciones bhsicas. Clasi- 
ficar a las organizaciones por la forma en que ellas 
satisfacen las necesidades de 10s clientes es 6til para 
estudiar 10s procesos logisticos, ya que la satisfac- 
cion del cliente es precisamente el papel fundamen- 
tal de la logistica. Existen tres ambientes: 

a) En un ambiente exclusivo, las organizaciones 
son de manera natural o regulada, monopolios. Los 
ejemplos incluyen compafiias locales de telkfonos, el 
servicio postal, 10s sistemas de transporte public0 y 
10s hospitales rurales. Para estas organizaciones, 10s 
procesos logisticos que son requeridos para satis- 
facer 10s pedidos de 10s clientes tienden a ser sim- 
ples y estandarizados y estan orientados hacia la 
mejor utilization de 10s recursos de la compafiia mas 

que hacia la maximizacion de la satisfaccion del 
cliente. 

b) En una ambiente predeterminado, las organi- 
zaciones anticipan 10s requerimientos del cliente y 
construyen capacidad y/o inventario para satis- 
facerlos, 10s ejemplos incluyen bancos, hospitales y 
hoteles. Lo adecuado del pronostico y la habilidad 
para vender la capacidad determina el kxito de la or- 
ganizacion. Los procesos logisticos son mediana- 
mente sofisticados e impactan tanto la eficiencia de 
las operaciones como la ventaja competitiva. Los 
estandares de servicio tienden a ser altos. 

c) En un ambiente post-detenninado, las organi- 
zaciones esencialmente reaccionan a 10s pedidos del 
cliente. Los ejemplos incluyen 10s restaurantes. La 
logistica dentro de estas organizaciones tiende a ser 
un factor de kxito clave e impacta enormemente 10s 
costos de operacion y la ventaja competitiva. Los 
deseos y necesidades de 10s clientes son mas impor- 
tantes. 

Para todos estos tipos de organizaciones 10s as- 
pectos clasicos logisticos se aplican, sin embargo, 
existen varias diferencias entre la naturaleza de la 
produccion de bienes y la de servicios, las cuales son 
importantes cuando se comparan 10s procesos 
logisticos entre 10s dos grupos de industrias. Estas 
diferencias son descritas abajo: 

El papel de la capacidad, las consideraciones de 
capacidad juegan un papel importante en las organi- 
zaciones de bienes como en las de servicios, sin em- 
bargo, existen tres diferencias importantes: 

Primero, 10s inventarios de bienes act6an como un 
resguardo, permitiendo a la firma brindar productos 
durante periodos de demanda pico dentro de sus 
parimetros de servicio usuales y sin esfuerzo ex- 
traordinario, las organizaciones de servicios no dan 
este lujo, sin embargo, si ellas no tienen la capacidad 
en el lugar durante la demanda pico, deben renunciar 
a1 negocio, bajar el nivel de servicio o invertir costos 
y esfuerzo. Por ejemplo, 10s hospitales no aceptan 
pacientes cuando ellos estan llenos o 10s colocan en 
lugares inapropiados en casos extremos (como des- 
puks de un desastre), en algunos dias festivos el 
servicio de telkfono se ve enormemente afectado, 
debido a la saturation de la capacidad de la red. 

Una segunda diferencia en la administracion de la 
capacidad para las organizaciones de servicios es 
que usualmente la capacidad puede solamente ser 
cambiada en cantidades fijas. Por ejemplo un avion 
completo y una tripulacion debe ser programada en- 
tre dos ciudades, o un hospital debe agregar capaci- 
dad de camas completas. En comparacion las or- 
ganizaciones que producen bienes pueden 
usualmente producir unos pocos items mas sin in- 
currir en una gran cantidad de cambios. Ellos 
pueden tambikn frecuentemente expandir su capaci- 
dad. 
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Empresas de bienes 

)Y 

Empresas de servicios 

La tercera diferencia es la relativa a la inflexibili- 
dad de la capacidad en una organizacion que pro- 
duce servicios. Por ejemplo, la seccion de un hospi- 
tal no puede ser utilizada para otros propositos si la 
demanda de camas en esta no se da. Las opciones 
para el exceso de capacidad en un ambiente de 
bienes, tienden a ser mas numerosas, debido par- 
cialmente a que la ubicacion o usos de la capacidad 
es menos critica. Por ejemplo, la ubicacion de un 
almacen o planta puede ser desafortunada, per0 tal 
desventaja no es visible para el cliente. 

Desde una perspectiva logistica, la importancia de 
la administracion de la capacidad para una organi- 
zacion que produce servicios es similar a la impor- 
tancia de la administracion del inventario en una or- 
ganizacibn que produce bienes. 

La estructura de costos, la mayoria de 10s costos 
en el sector servicios son fijos. La man0 de obra y el 
capital representan mas del 75% de 10s costos de 
operacih total en la mayoria de las organizaciones 
de servicios. Asi, la contribution marginal de volu- 
men agregado es relativamente insignificante,. Por 
ejemplo un pasajero adicional en un avion tiene bajo 
costo marginal (y un alto ingreso marginal). Esto es 
totalmente opuesto en el caso de las organizaciones 
que producen bienes. Los costos fijos, incluyendo la 
man0 de obra y las inversiones de capital, tipica- 
mente suman menos del 20% de 10s costos de opera- 
cion. Los principales costos estan en materiales e in- 
ventarios. El valor marginal de las ventas adicio- 
nales en las organizaciones de bienes, por 10 tanto, 
no es tan grande como en las organizaciones de 
servicios, y 10s costos marginales son mucho may- 
ores. 

Debido a1 bajo costo marginal de servir a un 
cliente individual, la perdida de ingresos debido a la 
perdida de un cliente es mucho mayor que en un 
ambiente de bienes, enfatizando enormemente el pa- 
pel del servicio a1 cliente en las organizaciones de 
servicios. 

3 LA LOGISTICA EN LAS EMPRESAS DE 
TRANSPORTE URBAN0 

Para analizar la logistica de las empresas de trans- 
porte urbano es importante considerar tanto su 
logistica de la cadena de abastecimiento como su 
logistica de respuesta a1 cliente. 

Los varios elementos de la logistica de la cadena 
de abastecimiento (transporte, almacenamiento, 
control de inventarios, compras y servicio a1 cliente) 
estan presentes en las empresas de transporte ur- 
bano, ellas necesitan comprar, transportar, almace- 
nar y controlar una serie de insumos, partes de re- 
puesto, harramientas, papeleria de oficina, boletos, 
tarjetas de checado etc. El administrar correctamente 
estas funciones permitira a 10s transportistas reducir 
costos y aprovechar mejor sus recursos. 

Por otro lado, la logistica de la respuesta de servi- 
cio se enfoca principalmente en las tres siguientes 
areas: 

a) Minimizacion de tiempos de espera; 
b) Administration de la capacidad de servicio; y 
c) Entrega de servicio a travCs de 10s canales de 

distribucion. 

Los tiempos de espera ocurren en muchos lugares 
del servicio de transporte publico (espera de Ile- 
gada del autobus, ascenso, compra de boletos, 
transferencia) y juegan un papel determinante en 
la calidad del servicio. 
Las organizaciones de transporte urbano pueden 
trabajar en la reduccion de tiempos de espera, 
utilizando tecnicas tales como: 
0 Simplificacion de procedimientos 
8 Sistemas de informacion que guien a1 cliente 

sobre horarios, rutas etc. 
e Programas de calidad total 

El 6rea mas importante para el exit0 en la opera- 
cion de una empresa de transporte publico de 
pasajeros y en general de las empresas de servi- 
cios, es la administracion de su capacidad (tamaiio 
y configuracion de la flota vehicular, numero de 
choferes, numero y configuracion de rutas, ho- 
rarios, etc.). Poca capacidad resulta en perdida de 
ventas, mientras que demasiada capacidad sig- 
nifica operaciones excesivamente costosas. 
Algunas de las herramientas que las empresas de 
transporte publico pueden utilizar para mejorar la 
administracion de su capacidad son: 

Programacion proactiva: las empresas de 
transporte publico de pasajeros tienen deman- 
das pico bien definidas, por 10 que deben estar 
completamente preparadas para responder efi- 
cientemente a tstas. Por otro lado, durante 10s 
periodos de baja demanda pueden planearse 
programas de mantenimiento preventivo de la 
flota vehicular. 
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Entrenamiento del personal: el personal puede 
ser capacitado en areas diferentes a su funcion 
principal, y entonces puede realizar diversas 
tareas, con 10 que se expande la capacidad, 
mientras se mantiene una fuerza laboral esta- 
ble. Los choferes pueden ser capacitados en 
reparation de vehiculos, en la reglamentacion 
vial, el trato a1 usuario, etc. 
Sistemas de programacion: la habilidad para 
predecir y/o localizar exceso de capacidad, 
puede tener un impacto significativo sobre las 
operaciones. Se han desarrollado tkcnicas de 
modelado para predecir flujos de vehiculos y 
volumen de usuarios. Lo adecuado de estas 
predicciones impacta enormemente sobre la 
eficiencia de las organizaciones de transporte 
urbano. 

8 

La logistica de la respuesta de servicio incluye 10s 
diferentes canales de distribucion que una organi- 
zacion usa para entregar sus productos (bienes y/o 
servicios) a sus clientes. Algunos de 10s diferentes 
canales que las industrias de servicio utilizan son: 
correo tradicional y electronico, telkfono, intemet, 
intercambio electronico de datos(EDI), en el sitio. 

Para el caso de las empresas de transporte publico 
de pasajeros, el canal de distribucion natural es en el 
sitio, esto es, a1 abordar el usuario el vehiculo, sin 
embargo, 10s canales de distribucion pueden am- 
pliarse mediante: 

o La venta automatica de boletos 
La venta de tarjetas con un numero de viajes 
predeterminado etc. 

4 CONCLUSIONES 

A pesar de que el camp0 de la logistica en las em- 
presas de servicio aun es casi inexplorado, basta con 
revisar algunos de 10s conceptos relevantes de la 
logistica de la cadena de abastecimiento como de la 
respuesta de servicio para identificar 10s beneficios 
potenciales en costo y efectividad, que las organi- 
zaciones de servicio pueden alcanzar. 

Para el caso de las empresas de transporte publico de 
pasajeros se han mencionado solo algunos aspectos 
generales sobre la logistica de estas empresas, mis- 
mos que es necesario reconocer, ampliar y desarro- 
llar en investigaciones futuras, ya que representan 
una oportunidad para ahorrar costos, mejorar el 
servicio y disminuir el impacto ambiental, tanto a 
corto como a largo plazo. 
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ABSTRACT: This paper reports on a pilot study into the performance of the Nairobi public transport system. 
This system is h l l y  privately operated and largely deregulated. It consists of two sub-systems competing on 
the same routes: traditional buses operated by Kenya Bus on the one hand, and a host of minibuses (matatu’s) 
on the other. The main findings of the pilot study are that: (i) the traditional bus subsystem is outperformed, 
on average, by the minibuses at all times of the day as regards both time and monetary costs to the user, and 
(ii) the absence of competition from the traditional bus sub-system on a minibus-only route has not resulted in 
lower frequencies or higher occupancy rates or fares. The paper concludes that competition in the market in 
Nairobi between two different subsystem may eventually result in the demise of what is in theory the most ef- 
ficient of the two: the traditional bus system. However, in view of competition which exists between mini 
buses operating on the same route, this may not necessarily result in the negative consequences for the user 
associated with ‘normal’ monopolies. 

&SIm&: Une etude pilote est presente sur la performance du transport publique a Nairobi. Le systeme est 
gere par des entreprises privees et largement deregle. I1 s’agit de deux systemes en competition, les autobus 
traditionnels, gerees par Kenya Bus, et le flotte des minibus (matatu’s). Les resultats de l’etude montrent que 
(I) le systeme traditionel est moins effectif que les minibus point de vue financiel et duree de voyage pendent 
toutes les heures de la journee et (ii) les trajects qui ne sont pas servis par le systeme traditionel ne montrent 
pas une frequence moins elevee ou des tarifs plus chers. La conclusion de l’etude est que meme en etant le 
systeme le plus effectif, le systeme minibus risque de disparaitre a cause de la competition entre les deux 
sytemes de transport. Pourtant, en tenant compte de la competition entre les minibus, qui traversent le mEme 
parcours, il n’est pas necessaire que les voyageurs seront exposes aux consequences relatees normalement a 
une monopole. 

RESUMEN: Este document0 reporta en un estudio piloto el funcionamiento del Sistema de Transporte Pub- 
lico en Nairobi. Este sistema es operado completamente privatizado y sin regular en su mayor parte. Este con- 
sta de dos subsistemas compitiendo en la misma ruta: Buses tradicionales operados por Kenya Bus de un lado 
y por el otro minibuses (Matatu’s). Lo mas importante encontrado en este estudio h e  que: (1) el subsistema 
de bus tradicional esta fbera de hncionamiento como promedio, mediante 10s minibuses en cuanto a tiempo y 
costo monetario para el usuario y (2) la esencia de la competencie del subsistema de bus tradicional con el 
minibus de una ruta no ha resultado en bajas frecuencias o mayor rango de ocupacion o pasaje. El trabayo 
concluye que la competencia en el mercado en Nairobi entre dos subsistemas diferentes puede resultar even- 
tualmente en fallecimiento de cual es en teoria el mas eficiente de 10s dos: el subsistema tradicional. Sin em- 
bargo desde el punto de vista de competencia la cual existe entre las operaciones del minibus en la misma 
mta, esta puede no necesariamente resultar en consecuencias negativas para 10s usuarios asociados con 10s 
monopolios normales. 

1 INTRODUCTION 

Within the framework of the Urban Transport Com- 
ponent of the World BanMUNECA Sub-Saharan Af- 
rica Transport Programme, studies have been un- 

dertaken in Kenya and Tanzania into the mobility of 
the urban population. Although this Urban Mobility 
and Non-Motorised Transport Pilot Project, as the 
name implies, focusses on walking and cycling, a 
pilot study was also undertaken within this project 
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into the performance of the public transport system 3 STRUCTURE OF THIS PAPER 
of Nairobi, being the only motorised means of irans- 
port available to the majority of the population. This 
paper describes the reasons for undertaking the pilot 
study, its objectives and the initial results. 

2 BACKGROUND 

In the fall of 1998, Stagecoach Ltd. of Scotland sold 
its 75% share ownership in Kenya Bus (that it ob- 
tained in 1992) to an unknown group of Kenyan in- 
vestors. This event marks the end of a six year pe- 
riod during which the company has attempted to 
provide, on a profitable basis, public transport serv- 
ices in Nairobi. This decision of Stagecoach Ltd. to 
end its involvement in a traditional bus company 
facing fierce competition in the entirely privatised 
and deregulated public transport environment in 
Nairobi undoubtedly reflects the company’s inability 
to continue to compete with the minibus system and 
at the same time provide reasonable returns to its 
shareholders. 1 

This paper reports on the results of a study into the 
performance of the Nairobi public transport system, 
which was conducted in the Spring of 1998, i.e. 
prior to the withdrawal of Stagecoach Ltd. The ob- 
jective of this study was to obtain an insight into the 
performance from the user perspective (focussing on 
frequencies, travel times and fares), and on the dif- 
ferences in performance between the traditional bus 
company. (Stagecoach Kenya Bus, hereafter called 
‘Kenya Bus’), and the minibus system (hereafter 
called, by its local name, ‘matatu’s). 

The results of this survey indicate that Stagecoach 
lLtd.’s decision to withdraw from the Nairobi scene 
is quite understandable. What is less understable is 
the Nairobi City Government’s laisser faire policy, 
which has allowed the continuing demise of tradi- 
tional bus services, to the detriment of not only 
shareholders, but, more importantly, the users. In 
this sense, Professor White - one of the UK’s lead- 
ing authorities on public transport -, may well have 
had Nairobi in mind when he wrote, on the subject 
of competition in public transport: ‘At times, one 
gets the impression that the government is more 
concerned with the freedom of individual companies 
and managers rather than the users as such ’. [Wi te  
19951. 

1 It is germane to note that Stagecoach have been highly suc- 
cessful in the Inore regulated UK market 

The next section of this paper provides a brief ac- 
count of urbanisation trends in Sub-Saharan Africa, 
and the importance of public transport in providing 
mobility for large segments of the population of the 
rapidly growing cities. This is followed by a brief 
description of the Nairobi public transport system in 
section 5. The objectives and methodology of the 
Nairobi public transport performance pilot study are 
described in section 6, while section 7 presents the 
first results. Finally, section 8 lists the provisional 
conclusions. 

4 URBANISATION AND PUBLIC TRANSPORT 
IN SUB SAHARAN AFRICA 

4.1 [JRBANISA TION 

As is the case for other regions in the world, Africa 
is urbanising rapidly. In fact, the continent currently 
has the fastest urbanisation rate in the world: some 
4.5% annually [United Nations, 19951. In Eastern 
Africa, the level of urbanisation (being the percent- 
age of the population living in urban areas) has in- 
creased to some 20% currently and is set to continue 
to increase over the years to come. For individual 
countries, growth rates in the period 1980-1992 con- 
siderably exceeded the average: Kenya 7.7%, Tan- 
zania 6.6% and Zimbabwe 5.9% [World Bank 
19941. Nairobi confirms this overall picture. Be- 
tween 1979 and 1989, the Nairobi population in- 
creased by an average of 6% per year, and is cur- 
rently (1999) estimated at some 2.5-3 million. 

4.2. Public transport 

This rapid and continuing population growth is 
accompanied by an equally rapid growth in the de- 
mand for public transport, not only because of the 
increase in the number of (potential) users, but also 
because the increasing commuting distances, which 
result from physical expansion of the cities, make 
other modes of transport (walking, cycling) less at- 
tractive. As a result, it is recognised more and more 
that the availability of viable bus services is vitally 
important to the efficiency of cities and the well be- 
ing of their citizens [Armstrong-Wright & Thiriez 
19871. 

While deregulation and privatisation of public 
transport in the Western world is, in many cases, just 
starting, in many African countries, especially in 
Sub-Saharan Africa, these processes have already 
gone to the extreme. Government budget deficits 
and related pressure from such organisations as the 
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International Monetary Fund and the World Bank, 
have in many instances resulted in (urban) public 
transport provision with little or no government in- 
volvement or control. This is all the more interesting 
in a situation where, in distinction to many cities in 
the West, public transport is not just a social good or 
an alternative to car travel, but the only motorised 
mode available (albeit not always affordable) to the 
vast majority of the urban population, providing 70- 
85% of all motorised trips [Armstrong-Wright 
19931. With the continuing rapid growth of these 
cities and the prevailing land-use patterns (concen- 
trated employment, the low-income population con- 
centrated on the urban fringes, resulting in long 
commuting distances), the importance of public 
transport can only increase further. 

In this connection it is striking to see that very little 
is known about the performance of public transport 
systems in these cities, while even less is being done 
to improve this performance. The reduction of gov- 
ernment involvement and control seems to have 
been accompanied by a decrease in interest in the 
performance of a system, which provides the major- 
ity of motorised trips. Most importantly, questions 
about crucial demand-related performance parame- 
ters -like accessibility, frequencies, and monetary 
and time costs to the users- usually go unanswered, 
especially in relation to the important informal (= 
undocumented) part of the system. In addition, as in 
the West, many studies evaluating the deregulation 
and privatisation of public transport, tend to con- 
centrate on the influences of these changes on the 
supply side: reductions in government spending, fi- 
nancial performance of the operator, etc. Strangely 
enough, the effects on the user seem to be of lesser 
importance. 

5 NAIROBI PUBLIC TRANSPORT SYSTEM 

This paper does not attempt to provide a detailed 
description of the Nairobi public transport system 
(which, apart from some limited commuter rail op- 
erations, consists entirely of bus services). Readers 
interested in such detail are referred to other docu- 
ments [e.g. Armstrong-Wright 1993, Post Buckley 
International 1998, Kapila et al 19811. The descrip- 
tion of the system below is restricted to its main 
features and those which have a direct relevance to 
the performance of the system from the user per- 
spective, and on the differences in performance be- 
tween the two sub-systems (Kenya Bus and ma- 
tatu’s). 

The Nairobi public transport system is fully pri- 
vate, and operates without any government subsi- 
dies. In addition, the system operates in a largely de- 

regulated environment: there is little or no 
government control of, or even influence on, such 
crucial elements as route structure, operational prac- 
tises, timetables or fares. The system consists of two 
entirely different sub-systems, which compete on the 
same routes. 

Kenya Bus is a private company operating some 
370 large buses (1 10 pass.) on fixed routes and 
schedules. Most routes are radial routes, passing 
through the city centre. This reduces the need for 
passenger transfers and provides a competitive ad- 
vantage over the matatu’s, which are not permitted 
to enter the city centre. The market share currently 
stands at some 30%. This share has declined con- 
tinuously since the legalisation of matatu operations 
in the mid-Seventies. The company now transports 
some 300,000 passengers per day, while the number 
of passengers transported per bus per day has been 
steadily declining over the past years: from a high of 
1,500 pass/bus/day in the mid 80’s to less than 1,000 
in 1997. The network has been gradually reduced 
over time, as routes have been abandoned and taken 
over by matatu’s [Post Buckley International 19981. 

The second sub-system consists of privately 
owned minibuses (matatu’s), mostly operating on 
the same routes as Kenya Bus, but without timeta- 
bles. Kenya Bus recently estimated the number of 
matatu’s operating in Nairobi at 6,500, out of which 
2,500 are 25-seaters and 4,000 are 12-seaters 2. 
Matatu’s largely ignore official bus stops and, espe- 
cially in peak hours, depart only when fi~lly occu- 
pied, and generally drive non-stop to the final desti- 
nation. In off-peak periods, drivers try to pick-up as 
many passengers as possible on the way, which 
leads to erratic driving and stopping behaviour. 
During congested periods, traffic rules are often ig- 
nored (e.g. using the road shoulders to by-pass traf- 
fic jams). It is estimated that the matatu sub-system 
currently captures some 70% of the public transport 
market, or 700,000 passengers per day. This market 
share was estimated at some 50% in 1993/94, and 
has grown substantially over the years [Omwenga et 
a1 19941. 

Although formal route associations were banned 
some years ago for political reasons, such associa- 
tions do exist informally. Operators pay a fee to the 
route association before being permitted to operate 
on the route. Although this might in theory lead to 
an oversupply (maximising the income from entry 
fees), there appears to be a counterbalance in that 
minibus operators (who compete with each other on 
the route), and thereby the route association, have a 
commercial interest in keeping the number of op- 
erators within reasonable limits. 

2 In view of the numbers of matatu’s operating on indwidual 
routes investigated in this pilot study, the total number is in re- 
ality probably closer to 4000-5000 
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Matatu owners reportedly do not pay taxes and fees, 
whereas Kenya Bus does. This fact, combined with 
the differences in operating practises and in degrees 
of adherence to traffic rules, gives matatu’s a com- 
petitive advantage which at least partly counterbal- 
ances the disadvantage of not being allowed to oper- 
ate within the CBD. Buses and matatu’s share the 
regularly congested carriageway with other road us- 
ers: dedicated infrastructure such as bus lanes, is ab- 
sent, as is e.g. preferential treatment at controlled 
intersections. The most interesting feature about the 
system is that competition takes place on the same 
routes, in a deregulated environment, between two 
very different sub-systems. The question arises as to 
whether this has resulted in public transport provi- 
sion, which is beneficial to the users. 

6 OBJECTIVES AND METHODOLOGY OF THE 
PILOT STUDY 

In view of the importance of (i) the Nairobi public 
transport system to the city at large and to the indi- 
vidual users; (ii) the absence of information on the 
performance of the system from the user perspec- 
tive; and (iii) the rather unusual situation of two dif- 
ferent sub-systems competing on the same routes in 
a privatised and deregulated environment, it was de- 
cided to conduct a pilot study into the performance 
of the public transport system from the user per- 
spective. The pilot study was conducted at network 
level and at route level. 

The objectives of the pilot study were to: 
obtain, for a sample of origiddestination links 
and a number of individual routes, information 
on travel times, fares and frequencies; 
assess the differences in performance as regards 
these parameters, between the (formal) tradi- 
tional bus system and the (informal) minibus 
system; 
assess whether the absence of competition from 
Kenya Bus has influenced the performance of 
matatu’s on matatu-only routes; 
obtain experience in data collection in the ab- 
sence of written information on fare structures 
and timetables for the informal system. 

0 

Q 

0 

* 

Network level: on-vehicle survey 
Data were collected by research assistants who made 
a total of about 430 trips between two large, low- 
income residential areas and nine different destina- 
tion (employment) zones, using both the formal and 
the informal systems. More than 50% of the entire 
route system was covered in this way. Each assistant 
made four trips per day, as follows: 
trip 1 morning peak, from origin to destination; 
trip 2 off-peaklmorning, from destination to origin; 

trip 3 off-peaklafternoon, from origin to destina- 
tion; 

trip 4 evening peak, fiom destination to origin. 
For each trip, waiting times, trip times and fares 
were recorded. In addition, off-peak Erequencies 
were recorded during one-hour periods. Data col- 
lected during the study were subsequently analysed 
at the system level. 

Route level: off-vehicle survey 
In addition, off-vehicle data were collected for three 
different routes: two routes on which Kenya Bus and 
matatu’s compete (routes 32/42: CBD-Dandora and 
46: CBD-Kawangware), and one matatu-only route 
(Ford route: CBD-industrial area). Data were col- 
lected at terminals at both ends of the routes for two 
full day periods (the results presented in this paper 
are based on the analysis of data for one day only). 
Data collected were time of arrivaUdeparture of the 
vehicle at the terminal, its registration number and 
the number of passengers on board. 

7 RESULTS 

7.1 Validity 

A word of caution is warranted about the results 
presented below. All data have been obtained on a 
terminal- to-terminal basis. Therefor, the results are 
only valid for such trips. In view of matatu operating 
practises (depart when full), for peak period trips 
were the vehicle is boarded somewhere along the 
route, performance as regards waiting times may be 
lower (vehicles will not stop because they are full), 
and performance differences between buses and 
matatu’s less pronounced. Alternatively, for such 
trips users will first walk to the terminal, resulting in 
longer access times. 

7.2 Results at network level (on-vehicle survey) 

From the data collected at network level, avarage 
waiting times, trip times, travel times, fares/km, trip 
speeds and travel speeds have been calculated. In ta- 
ble 1 below, the results are given for morning peak, 
evening peak and off-peak periods. It should be 
noted that the average distance for all trips was 12.7 
kilometres. 

From these results it is apparent that the: 
Overall system performance is low as regards 
travel time, for a city with the size of Nairobi. 
Adding some 15 minutes for access and egress, 
average total travel time in the morning and eve- 
ning peak amounts to some 1 hour and 50 min- 
utes for bus passengers, or more than 3.5 hours 
per day for work-related trips. The average ma- 
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Table 1: performance comparison KBS - matatu’s at network 
level 

~~ ~~ ~ 

Morning peak bus matatu difference (%) 

Average waiting time 
(minutes) 0126 0116 -38% 
Average trip time * 1:09 014.5 -35% 
Average travel time ** 1:35 1102 -35% 
Average farekm (US$/km) 0.035 0.027 -26% 
Average trip speed (kmhr) 11.9 14.9 +25% 
Average travel speed (km/hr) 8.6 10.8 +26% 

Evening peak bus matatu difference (%) 

Average waiting time 0125 0114 -44% 
Average trip time 1:11 0137 -48% 
Average travel time 1:36 0152 -46% 
Average farekm 0.035 0.024 -31% 
Average trip speed 11.5 18.0 +57% 
Average travel speed 8.5 12.8 +51% 

Off-peak bus matatu difference (%) 

Average waiting time 0:22 0111 -50% 
Average trip time 0156 0:32 -43% 
Average travel time 1:19 0:44 -44% 
Average farekm 0.026 0.018 -28% 
Average trip speed 14.6 21.0 +44% 
Average travel speed 10.4 15.2 +46% 

* time taken from moment of vehicle departure to moment of 

**waiting time at bus stop plus trip time 
arrival 

tatu user spends some 2.5 hours commuting. It 
should be kept in mind that these are averages, 
and that these figures can be much higher for the 
longer commuting trips: some 25% of bus trips 
in Nairobi exceed 25 km in length [Post Buckley 
International, 19981. 
Average trip- and travel speeds are low, drop- 
ping to as low as 11.5 and 8.5 km/hr respectively 
for buses in evening peak conditions. In effect, if 
traffic safety allowed the use of bicycles in Nai- 
robi, the bicycle would easily outperform the 
public transport system. 
Matatu sub-system easily outperforms the bus 
sub-system in every respect during all times of 
the day: waiting times, trip times and travel 
times are substantially lower as a result of higher 
frequencies and trip speeds, while fares are sub- 
stantially lower. 

matatu’s, waiting times (and, as a result, travel 
times) for passengers wanting to board at locations 
other than the terminals at the end of the routes, may 
be longer. 

7.3 Results at route level (off-vehicle survey) 
Analysis of the data collected on the two routes 

on which KBS and matatu’s compete (routes 32/42 
and 46) gave the following results (table 2): 

Table 2: Performance comparison KBS - matatu’s at route 
level 

bus matatu 
Vehicles serving route 20 - 30 160 - 200 
Interval (minutes) 9.5 - 14 1.25 - 2.25 
Occupancy (% of no. of seats) 75 - 150 60 - 120 
Market share (%) 28-33 67-72 

A number of observations can be made on the basis 
of these results: 
@ The differences in numbers of vehicles serving 

the routes, in combination with the respective 
market shares, illustrates the inefficiency, from a 
traffic management perspective, of the matatu 
sub-system: some four times more vehicles are 
on the road to transport the same number of peo- 
ple as buses do. On the positive side, the matatu 
sub-system is, in view of the large numbers of 
vehicles, a major employer. 
The matatu sub-system offers much higher fre- 
quencies than KBS does. This results in the con- 
siderably lower waiting times reported above 
(even though, in view of the differences between 
the average intervals and the waiting times, pas- 
sengers usually cannot board the first vehicle 
that departs). To this should be added that the 
differences in irregularities in the intervals be- 
tween departures (standard deviation for KBS in 
the order of 8 minutes; for matatu‘s 1.5 minutes) 
result in a lower reliability of the KBS service. 
Matatu’s do not appear to be more overloaded 
than KBS buses, although standing in buses is 
less uncomfortable than in matatu’s. 

0 

@ 

Finally, a comparison is made (table 3) between 
the performance of matatu’s on the two routes were 
they compete with KBS on the one hand, and on the 
CBD-industrial area route, where they enjoy a ‘mo- 
nopoly’, on the other. . -  

It is stressed again that for the time being the ob- 
servation regarding waiting and travel times is only 
valid for the origiddestination relations included in 
the pilot study. In view of the operating practises of 

It is evident from these figures that the absence of 
KBS competition on this route has not resulted in 
any significant differences in performance of ma- 
tatu’s on this route compared with the routes on 
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Table 3 : Performance comparison matatu's witldwithout KBS 
competition 

competition monopoly 

Interval (minutes) 1 25 - 2 25 1 5 - 2 7  
Occupancy (%) 62 - 117 66 - 95 
Fare(US$ikm) 0 0 1 8 - 0 0 2 7  0012-0028  

which there is competition. The small difference in 
intervals is probably explained by the fact that on 
this route not all matatu's run from terminal to ter- 
minal on each trip: some instances occur where the 
vehicle turns around before reaching the terminal. 
This results in slightly longer average intervals. AI- 
though evidence is limited, as only one matatu-only 
route has been analysed, it is possible that a matatu 
monopoly on routes does not necessarily lead to the 
adverse effects on the users usually associated with 
monopolies. In view of the competition which exists 
between matatu operators operating on the same 
route, there may be sufficient reason to provide suf- 
ficient supply and high frequencies, and to keep 
fares down. More data are currently being collected 
and analysed to support this. 

8 CONCLUSIONS 

Public transport in Nairobi has always been pro- 
vided by private operators (with a varying govern- 
ment minority shareholdership in Kenya Bus Serv- 
ices, but without operational involvement or 
subsidies). Deregulation has taken place over the last 
decade, mainly by not enforcing existing regula- 
tions, rather than changing or abandoning them. This 
means that the influence of a privatisation and de- 
regulation process as such cannot be studied in Nai- 
robi. 

What is clear, however, is that this h l l y  priva- 
tised and largely deregulated public transport system 
does not perform well from the user perspective, and 
results in major losses to the economy. This malper- 
formance mainly concerns the low operating speeds 
and, for buses, the long waiting times. These pa- 
rameters are obviously interrelated: lower speeds re- 
sult in lower frequencies and longer waiting times if 
the number of vehicles serving a route remains con- 
stant. As a result of an increasing number of private 
cars and the total lack of traffic management meas- 
ures, congestion has increased over the years and 
operating speeds have declined (e.g. by 40 9'0 on 
Stagecoach route 28 since 1993). The conclusion is 
inevitable that traffic management measures are now 
urgently required, including specific measures such 
as bus lanes. Such measures might result in lower 
travel times, increased frequencies, increased pa- 

tronage, lower fares, or a combination of these. Re- 
cent studies into the effects of a possible bus lane on 
Jogoo Road3, one of the major corridors in Nairobi, 
suggest a benefit/cost ratio in the order of 3 ,  mainly 
as the result of time gains for both budmatatu op- 
erators and users, and other road users. With a price 
elasticity of 1 .O for routes serving low-income areas 
[Post Buckley International 19981 lower fares would 
also be beneficial to those who currently cannot af- 
ford public transport, as well as to the operators who 
would see increased patronage. 

Equally inevitable is the conclusion that competi- 
tion on the same routes between two entirely differ- 
ent sub-systems with different operational practises 
and degrees of conformity to tax laws and traffic 
rules, has created a situation where, what should in 
principle be the most efficient sub-system, is outper- 
formed. The sale by Stagecoach Ltd. of its shares is 
a logical consequence of this, and there is no reason 
to assume that their successors will do any better, 
unless they adopt the matatu operating practises. It is 
unfortunate, from the perspective of economic eMi- 
ciency and efficient use of scarce road space, that a 
continuation of the current situation may eventually 
result in the traditional bus company terminating its 
operations in Nairobi altogether, leaving the matatu 
sub-system a virtual monopoly. There is however no 
evidence to suggest that such a monopoly would 
necessarily result in reduced performance of the 
matatu sub-system from the user perspective. 
A side conclusion to be drawn is that the methodol- 
ogy used for data collection in this pilot study is 
highly appropriate for informal public transport 
systems and can yield high quality information at 
very limited costs (in the order of US$ 2,000 for this 
study). Further studies into the Nairobi public trans- 
port system are ongoing. 
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ABSTRACT: Public (bus) transport forms the backbone of motorised passenger transport in the city of Nai- 
robi, Kenya. The system consists of two privately owned subsystems: standard type buses and a host of mini- 
buses, competing on the same routes in a largely deregulated environment. From the user perspective, system 
performance is low as regards travel times. Low average speeds are mainly caused by congestion and the ab- 
sence of busways and public transport priority measures. This study estimated the economic effects of a pro- 
posed busway on Jogoo Road, a major corridor in Nairobi, with the use of the ‘Integration’ model. It con- 
cludes that such a busway is an economically attractive option as a result of considerable speed increases for 
both public transport vehicles and general motorised traffic. It also makes the case that restricted use of this 
busway (prohibiting the use by smaller minibuses) can be an instrument to promote the use of larger, more ef- 
ficient minibuses. 

&SUME : C’est le transport par autobus qui forme le pivot des transports automobiles urbains a Nairobi, au 
Kenya. Dans ce systeme on distingue deux sous-systbmes gerks par des particuliers: le service rkgulier 
d’autobus standard et l’utilization d’innombrables minibus, qui lui font concurrence sur les memes itinkraires 
dans un environment non-rkglk. Du point de w e  des utilisateurs, l’efficacitk de ce systeme est tres reduite. Ce 
qui concerne la duree des voyages. Les vitksses moyennes rkduite sont causks principallement par la 
congestion de la circulation en l’absence de couloirs d’autobus et le manque de mesures de prioritk pour les 
transports en commun. La presente ktude suppose qu’on pourrait augmenter les effets kconomiques d’un 
couloir d’autobus telle qu’on le propose pour l’artaire Jogoo, l’axe principal de Nairobi, en appliquant le 
modele “d’intkgration”. Or, on peut concluire que l’amknagement d’un telle couloir d’autobus serait un choix 
kconomiquement interesant A cause de I’accroissement considkrable des vitbsses pour les vkhicules des 
transports en commun, aussi bien que les transports automobiles en gCn6ral. On stipule egalement que l’usage 
limitke de ce couloir d’autobus, interdissant l’accbs en plus petit minubus, permettra de promovoir I’emploit 
de minibus plus longs, et par consequent plus kfficace. 

RESUMEN :En la ciudad de Kenia, Nairobi el transporte publico (en omnibus) forma el espinazo del pasajero 
motirizado. Existen dos sistemas de omnibus privados: un rnodelo corriente y una cantidad de minibuses, 10s 
dos tipos compiten en 10s mismos trajectos que se encuentran dentro de un area ampliamente desregulado. 
Desde el punto de vista del usuario el rendimiento del sistema es bajo considerando el tiempo de viaje. Princi- 
palmente el bajo promedio de la velocidad es debido a la congestion del trafico y la ausencia de trajectos para 
omnibus exclusivamente, ademas de medidas de prioridad para el transporte publico. Este estudio evaluo 10s 
efectos econ6micos de una propuesta para una via de omnibus en Jogoo Road, la arteria de mayor transit0 en 
Nairobi, usando el rnodelo “Integration”. Concluye que una via especial para omnibus es una opci6n atractiva 
economicamente hablando, permitiendo aumentos considerables de velocidad tanto para vehiculos de trans- 
porte publico como transporte motorizado en general. Tambien demuestra que el us0 restringido de esta via 
para omnibus solamente (vedado para minibuses mas chicos) pudiera ser el instrument0 para promover el us0 
de minibuses mas grandes y mis eficaces. 
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1 INTRODUCTION 

1.1 Background 
Public transport (PT) is the major motorised mode of 
transport in Nairobi, the capital of Kenya. The public 
transport system consists of two sub-systems: stan- 
dard European type busses operated by Stagecoach 
Kenya Bus and mini-busses (matatus) owned by 
(small) private investors. The system is fully priva- 
tised and there is no government control, except for 
the provision of bus-terminals and the licensing of 
public transport. Public transport performance in 
Nairobi in terms of travel and trip speeds, is already 
low and deteriorating further, due to increasing con- 
gestion, the lack of bus-priority measures and the 
absence of enforcement of traffic regulations. These 
low trip speeds result in daily trip times of over 3 
hours for commuting distances of up to 12-13 kilo- 
metres. 

The deterioration of the PT-system leads to in- 
creasing operating costs for operators and may result 
in reduced levels of service andor fare-increases, 
which could have serious effects on the access to 
mobility for the urban poor. 

In a recently produced report on transport strategies 
for Nairobi (Post Buckley Consultants, 1998) the im- 
portance of a well functioning public transport sys- 
tem was stressed once again.. A network of busways 
is proposed to form the backbone of this PT-system. 
One of the pilot projects proposed is a busway on 
Jogoo road, the case study for this research. 

1.2 Purpose of the research. 
The objective of the research was to make an eco- 
nomic appraisal of the busway on Jogoo road. This 
appraisal required the estimation of the busway ef- 
fects, i.e. travel time changes for the PT as well as 
the general traffic. As regards the use of the busway, 
particular attention was paid to the different charac- 
teristics of the prospective users of the busway: tra- 
ditional busses as well as small and large matatus. 

1.3 Research description 
The first step in the research consisted of literature 
study on the traffic situation in Nairobi. This litera- 
ture study was followed up by data collection on the 
characteristics of the traffic flow on Jogoo road 
(January-April 1999). 

The data served as input for the calculation of 
future travel times on Jogoo road. For this purpose 
the traffic simulation model Integration was used. 
The calculated future travel times formed the input 
for the economic appraisal of the Jogoo Road 
busway. The economic effects taken into account 

were limited to time benefits for PT-operators and - 
users, as well as those for the general traffic. Besides 
the fact that the latter category is a “real” economic 
benefit it is also crucial for the public and political 
acceptance of a busway, which will use existing road 
space. (Cornwell & Cracknell, 1990). The costs 
taken into consideration are the direct costs of the 
busway i.e. construction and maintenance costs. 

2 THE NAIROBI PUBLIC TRANSPORT- 
SYSTEM: STAGECOACH AND MATATU’S 

The characteristics of the Nairobi public transport 
system are quite unique. The system consists of two 
‘subsystems’. On the one hand there is the classical 
type bus system (operated by Stagecoach Kenya 
Bus), which operates with standard busses along 
fixed routes with more or less fixed timetables. On 
the other hand there is the matatu system: privately 
owned and operated mini busses, using the same 
routes as Stagecoach, but without timetables and 
largely ignoring official bus stops. The confrontation 
between these two concepts is not very unique, as it 
can be found in most capitals in developing cities. 
What makes the Nairobi situation interesting is that 
both concepts are operated by the private sector al- 
most without government control (Koster, 1998). 

Due to its limited passenger capacity and its popu- 
larity among the population there is an enormous 
growth in the number of matatus in Nairobi. There is 
no exact data available on the number of matatus op- 
erating in the city, but estimates vary between 3000 
and 6500 vehicles. However, recent research on the 
main trunk roads in Nairobi (Koster, 1999) indicates 
that the likely number of matatus is somewhere in 
the region of 4000-5000. 
From an environmental- and road utilisation per- 
spective matatus are an inefficient PT-form. Matatus 
are very dominant in traffic. On most of the main 
trunk roads they form 10-20% of the total traffic 
flow, often causing congestion due to their chaotic 
driving and stopping behaviour. 

There is a large variety in the type of vehicles op- 
erating as matatus, but the most common types are 
the Nissan “homy” with a capacity of 18 seated pas- 
sengers and the Isuzu “NKR” with a capacity of 25 
seated passengers. Stagecoach operates about 400 
standard size busses, with an official capacity of 80 
to 90 people. Of the 1 million Nairobi public trans- 
port passengers daily, about 30% are transported by 
Stagecoach, while the matatus account for the other 

Figures for the two year period from 1994 to 
1996 show a drop in ridership for Stagecoach of 3%, 
while production (no. of vehicle km.) increased with 
10%. This means Stagecoach is transporting fewer 

70%. 
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passengers but is making more vehicle kilometres. 
Even though actual figures are not available yet, it is 
very plausible that this downward trend has contin- 
ued during recent years. 

3 THE CASE STUDY: JOG00 ROAD 

Jogoo Road it is one of the main radial trunk roads 
linking the outskirts of Nairobi with the central city. 
Jogoo road is a major public transport travel corridor 
and PT-vehicles form a big part of the total traffic 
flow. The problems with respect to the disturbed 
traffic flow in Nairobi i.e. congestion and low aver- 
age travel speeds are present on Jogoo Road and thus 
a busway seems to be a potentially successful meas- 
ure to improve public transport performance. Fur- 
thermore, on Jogoo Road the physical conditions 
exist to allow the creation of a busway, without 
drastic changes to the surroundings or extensive in- 
vestments. Jogoo Road stretches from Outer Ring 
Road in the east to the junction Landhies Road near 
the city centre (5.1 km) and can be divided into three 
different parts with corresponding 
characteristics. 

road- 

Figure 1 : Schematic representation of Jogoo Road 

On the first part, between Outer Ring Road and 
Rabai Road, road conditions are very poor. In the 
morning peak these road-conditions and high traffic 
intensities lead to severe congestion and abuse of the 
sidewalk by motorists. 

The second part is the part between Rabai Road 
and the roundabout with Likoni Road. On this part 
road conditions improve. The road consists of 2x2 
lanes with a width up to 7 meters. The carriageways 
are segregated by physical means. 

On the last part between Likoni- and Landhies 
Road, road conditions are relatively good. Road 
width increases to 9-10 metres per direction, corre- 
sponding with triple lanes. 

Especially on the last part near Lusaka road the 
busway could easily be realised on existing road 
space, reducing the width of the carriageway for 
general traffic to two lanes. However it is uncertain 
if this re-division of road space is feasible without 
negative effects on travel times of the general traffic. 

As the morning peak is the most congested period 
on Jogoo road, the decision was made to analyse the 
implementation of a “town bound busway”. In the 
morning peak the intensity of the town bound traffic 
is relatively high, with a maximum of about 2.500 
vehicles per hour between First Avenue and Lusaka 
Road. Matatus form a big part of the total traffic 
flow. In the peak period as well as in the off-peak 
period matatus account for about 25% (566 and 376 
vehicles/hour) of the total traffic flow on the main 
carriageway. Busses only have a share of 1% (32 
vehicleshour) respectively 2% (26 vehicles/hour) 
for the peak and the off- peak period. 

From the recorded trip speeds in the morning peak, 
an average trip speed for the whole of Jogoo road 
could be computed. This speed is 14.7 km/h for ma- 
tatus, 13.1 km/h for Stagecoach buses and 15.7 km/h 
for the general traffic. Although these speeds are 
low, hey are still higher than the trip speeds for bus- 
ses and matatus (8.6 and 10.8 k d h )  that Koster 
found in his research on public transport speeds. 
This difference can be explained by the inclusion of 
severely congested, inner-city routes in the Koster 
research. Although the traffic flow on Jogoo road is 
problematic and worsens in time, the situation is still 
better than on the totally jammed routes in the city- 
centre of Nairobi. 

Every day some 21.000 passengers per hour are 
transported in the morning peak period on the busi- 
est section of Jogoo road. In the off- peak period this 
number drops to some 10.000.The biggest share of 
passengers is transported by matatus. For the peak 
period as well for the off-peak period, they account 
for 84% (17.500 passengers) of the total number of 
passengers. 

In the morning peak the biggest share is trans- 
ported by 25-seaters, while in the off peak period 18- 
seaters transport more passengers. The larger market 
share of the 18-seaters in the off-peak period is ex- 
plained by their constant number and their constant 
average passenger load during the day, while the 
number of 25-seaters and their average occupancy 
decreases after the peak period. The market share of 
Stagecoach is small. In the morning peak the com- 
pany transports about 3.300 passengers on Jogoo 
road. 

4 THEORETICAL FRAMEWORK TO 
ESTIMATE BUS WAY EFFECTS 

4.1 Estimation techniques used 

After the data-collection the next step in the research 
was the modelling of the traffic flow on Jogoo road. 
For this purpose the traffic simulation model Inte- 
gration was used to model the effects of the busway 
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on the travel times of the general traffic and public 
transport vehicles. 

Integration was chosen because this model is pre- 
eminently suitable to model traffic flows in urban 
areas. The model is based on individual driver be- 
haviour (microscopic traffic flow relationships) but 
has been calibrated with data on traffic flows as a 
whole, in order to capture the characteristics of traf- 
fic flow behaviour (macroscopic traffic flow theory). 
Another advantage of Integration is that it gives an 
on-screen representation of individual vehicles 
within the traffic flow. This enables the user to com- 
pare the model outcomes with the real traffic situa- 
tion. 

The second “tool” used to estimate the effects of the 
busway on trip and travel times a formula developed 
in the Transport Research Laboratory study “The 
performance of busway transit in developing coun- 
tries” (Gardner & Cornwell, 1991 ). In this study 
about forty operational busways were identified in 
Africa, Asia, Australia, Europe, Latin America, the 
Middle East and North America in order to obtain 
reliable information on performance and likely per- 
formance of other specified schemes. The TRL- 
study was used as a directive for the calibration of 
the Integration-model. 

4.2 Assumptions underlying the modelling of the 

The time horizon for the research was five year (i.e. 
until 2004). This horizon was chosen because devel- 
opments in Nairobi follow each other rapidly and are 
relatively uncertain. 

trafJic flow 

For small private operators it is financially less risky 
to operate a small vehicle. That is why privatisation 
of the PT system often leads to an increase in the use 
of small PT-vehicles. Most of the time this results in 
a less efficient PT-system because there are more 
PT-vehicles, transporting the same amount of pas- 
sengers as before. Especially, on a busway where 
capacity should be used as efficiently as possible, 
the use of small PT vehicles is undesirable. 

Therefore it is assumed that 18-seat matatus will 
not be permitted to use the Jogoo Road busway. As a 
result, operators of 18-seaters will be stimulated to 
opt for larger vehicles, which would have access to 
the busway. In this manner the busway as a ‘carrot’, 
in an attempt to create a more efficient PT system 
that puts less pressure on the environment and road 
capacity. Especially, with a continuing regime of 
regulation necessary for the implementation of a 
busway, there is no inherent reason why private op- 
erators could not be required to use larger vehicles 
(Gomez-Ibanez, Meyer, 1993). 

In order to evaluate the effectiveness of the busway 
under different growth circumstances, three sce- 
nario’s for traffic and public transport growth were 
introduced. These scenarios consist of a low grow- 
scenario of 2.4%, a middle grow-scenario of 3.6% 
and a high grow-scenario of 4.8% (Transurb Con- 
sult, Otieno Odongo & Partners, 1992 and Post 
Buckley Consultants, 1998). 

Modal split changes due to changes in tripkravel 
times of public transport were not addressed in this 
research, both because of a lack of relevant data and 
as it is questionable whether improvement of public 
transport performance would persuade motorists to 
shift to public transport. In the year 2000 the stretch 
of road between Outer Ring- and Rabai road will be 
reconstructed. The road will be upgraded to 2x2 
lanes and will be re-paved. This reconstruction was 
implemented in the model as well. 
It is impossible to model the “bus stop behaviour” of 
public transport vehicles in Integration. That is why 
it has been assumed that the time spent at bus stops 
remains constant in the future. This assumption is 
more reasonable if bus stops are designed and con- 
structed with overtaking facilities. This means that 
the bus stops are separated from the busway and 
busses have to leave the busway to pick up passen- 
gers. 

5 CHANGING TRAVEL TIMES DUE TO THE 
BUSWAY 

5.1 Calibration of the model 
In order to determine whether Integration is a suit- 
able tool, a model has been built covering the pres- 
ent traffic flow situation on Jogoo road. 

Table 1. Outcomes calibration 
Comparison actual speeds and model outcomes 

Actual speed 
from surveys 

Model speed 
from Integration 

Difference YO 

( k d )  

(M) 

Matatus 
15.7 

15.2 

3.2% 

Busses 
16.3 

15.3 

6.1% 

Cars 
14.4 

14.6 

2.8% 

The results of this calibration are displayed in table 
1. As can be seen from this table the maximum dif- 
ference between the actual speed and the model out- 
comes is 6.1%. This difference is mainly caused by 
the chaotic driving behaviour of the matatus which is 
difficult to incorporated in a traffic model. However 
the maximum difference of 6.1% together with the 
on-screen representation which gave a true image of 
the actual traffic flow on Jogoo road, were convinc- 
ing enough to consider the use of Integration justi- 

31 8 



fied. Another check to determine the suitability of 
Integration was the comparison of the model out- 
comes and the outcomes of the TRL-equation. Ac- 
cording to the TRL-equation the average travel 
speed on the busway will be 25.4 km/h. The Inte- 
gration outcomes showed an average busway travel 
speed of 23.4 km/h. Considering the fact that both of 
the estimation techniques are subject to uncertainty, 
the difference (7.8%) between these outcomes was 
considered small enough to accept Integration as a 
tool to model the future situation and to use the Inte- 
gration outcomes as input for the financial appraisal 
of the busway. 

5.2 Travel time changes for  difjerent busway 
designs 

Integration was used to model the traffic flow in four 
different situations: 

The situation in 1999-2004 without a busway: 
The O-scenario. 
The situation in 2000-2004 with a busway utilis- 
ing existing road-space between Nile- and Lusaka 
road: The integrated busway design. 
The situation in 2000-2004 with a newly con- 
structed busway between Nile- and Likoni road 
and utilising existing road-space between Likoni- 
and Lusaka road: The half-free busway design. 
The situation in 2000-2004 with a newly con- 
structed busway between Nile- and Lusaka road: 
The free busway design. 

5.2.1 O-scenario 

Figure 2: Matatu speeds for different growth scenario’s 

Figure 2 shows the Integration outcomes for the 
matatu speeds in the O-scenario (the outcomes for 
car- and bus speeds are largely similar). Due to the 
capacity increase resulting from the reconstruction 
between Outer Ring- and Rabai Road, travel speeds 
between 1999 and 2000 increase substantially for all 
transport modes. However, the reconstruction does 
not seem to be a structural solution for the traffic 
problems on Jogoo road, as travel speeds show a 

steady drop in the period after the reconstruction 
(2001-2004). 

An interesting feature of the O-scenario outcomes, is 
that in some cases travel speeds for the middle 
growth scenario are higher then those for the low 
growth scenario. For example, average car speed in 
the year 2000 is 20.0 km/h in the middle growth 
scenario, compared to 19.9 km/h in the low growth 
scenario.This apparent inconsistency can be ex- 
plained by looking at traffic flow behaviour. 

Normally, traffic growth results in a decrease of 
travel speed. There is a greater demand for road ca- 
pacity, leading to irregularities in traffic flow and a 
decrease in travel speeds. However, in case of the 
density-speed curve in this situation a small traffic 
growth can lead to a more steady traffic flow. 

Figure 3: Density-speed relationship in the Jogoo Road model 

Faced with a smaller headway (i.e. the distance be- 
tween two vehicles) road-users are forced to adapt to 
the speed of the vehicle in front of them, leading to a 
smaller variability in speeds, a more steady traffic 
flow and higher average speeds. 

5.2.2 Integrated busway design 
The model-runs of the integrated busway-scenario 
showed that the integrated busway design (allocating 
existing road space to exclusive PT use) leads to 
considerable speed reductions for the general traffic. 
For this reason, the integrated busway design was 
not considered to be a viable option. 

5.2.3 Half-free busway design 
The half-free busway will have a positive effect on 
travel speeds. Both PT and general traffic will expe- 
rience substantial time benefits, varying from 2.7 up 
to 12.8 minutes over the length of Jogoo road (5.1 

The calculated travel speed increases of matatus 
and busses are more or less the same under the dif- 
ferent growth scenario’s. This corresponds with the 
outcomes of the TRL-study which confirms that the 
average bus-occupancy is of more influence on the 
busway speed than the number of busses on the 
busway. 

km). 
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As speeds are more or less constant for the veri- 
ous growth scenario’s, it was decided to calculate 
and apply a single average speed for matatus as well 
as busses for all growth-scenarios. T h s  resulted in 
an average matatu travel speed of 23.4 km/h and an 
average bus speed of 22.8 kmk for the years 2000- 
2004. 

5.2.4 Free busway design 
The comments made about the half- free busway 
scenario hold for the free busway scenario as well. 
The only difference is that in the free busway sce- 
nario the time benefits with respect to the 0-scenario 
are even higher. The average matatu- and bus travel 
speed computed for this scenario are respectively 
23.5 and 23.2 km/h 

The most important conclusion is that both the half- 
free as the free busway have a positive impact on 
travel times, for all motorised modes of transport. 
Travel time benefits vary from 2.7 to 13.0 minutes. 
The travel time benefits are slightly higher in case of 
the free busway scenario. 

The integrated busway, which makes use of existing 
road-space, was rejected as possible busway-design, 
as it caused substantial congestion for the general 
traffic. 

6 THE ECONOMIC APPRAISAL OF THE 
BUSWAY 

6.1 Introduction 
The economic appraisal of the busway required an 
economic valuation of travel time changes for public 
transport operators and -users, the general traffic as 
well as the costs of construction and maintenance for 
the free and half-free busway design. 

6.2 Operational benefits for  PT-operators 
The implementation of a busway will cause opera- 
tion benefits for the vehicles using it. Vehicles using 
the busway may drive a longer distance and trans- 
port more passengers in the same amount of time. 
However, as no data were available on time- 
schedules, number of passengers transported and the 
costs and revenue per individual vehicle, it was not 
possible to compute the operational benefits per in- 
dividual vehicle. That is why the following method 
was used. 
The time savings due to the busway are multiplied 
by the average speed of the public transport vehicles 
before realisation of the busway. The outcome of 
this multiplication represents the number of potential 
extra kilometres each vehicle can drive per day. To 
deduct the operational benefits these potential extra 

kilometres have been multiplied with the net income 
per kilometre driven. The net income per kilometre 
driven was deduced from World Bank and Sub Sa- 
hara Transport Policy Program (SSATP) research. 

Time benefits for bus- and matatu conduc- 
torddrivers are also been included in the operation 
albenefits. The methodology for valuation of these 
time benefits is discussed in the next paragraph. 

6.3 Time valuation for  PT-users and the general 
traffic 

For PT users and the general traffic, only working- 
time was taken into consideration. It was assumed 
that the people working are not only those that are 
actually “in business” when travelling ( e.g. bus 
drivers, -conductors, goods-vehicle drivers and busi- 
nessmen), but also people travelling to work. The 
decision to take only working-time into considera- 
tion is made because no information was available 
on the people that travel with another trip-motive. 
The working time was valued as the average wage 
rate, which differs for bus- and car passengers, car- 
drivers and bus- and matatu drivers. Since there is no 
accurate data on goods-vehicle occupancy (some 
goods-vehicles are used to transport employees to 
work), goods-vehicles have been considered as nor- 
mal passenger cars. 

6.4 Construction- and maintenance costs 

The busway was designed according to the guide- 
lines of the Road Design Manual of the Ministry of 
Transport in Kenya. The cost of construction was 
computed with unit rates derived from recent tender 
documents and price lists of various manufacturers. 
Maintenance costs were assumed to be 1% of the 
construction costs. 

Table 3:  construction- and maintenance costs 

Half-free busway 425.000 
Costs of maintenance for 7.250 

6.5 Total costs and benefts for  the free and hav- 
free busway design 

The data in tables 4 and 5 show that the construction 
of the busway is a profitable investment. The bene- 
fits derived from travel time changes exceed the 
costs of construction and maintenance by far. Al- 
ready in the first year after construction the busway 
generates substantial benefits. These benefits grow 
in time as the amount of traffic on Jogoo road in- 
creases. 
Even in the least profitable scenario, the net profit 
still comes to US$ 836.000 over the period 1999- 
2004. 
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Table 4: benefits and costs, half-fi-ee busway under different 

1999 --- _-- --- I 425.000 
2000 276.000 286.000 3 16.000 7.250 

372.000 381.000 376.000 7.250 
33 1.000 45 1 .OOO 499.000 7.250 1~~~~ 1 371.00 1 530.000 1 824.000 I 7.250 

* The net present value (NPV) represents the present value of 
future cos& and benefits. 

Table 5 :  benefits and costs, free busway under different growth 

2000 
200 1 
2002 
2003 

The half-free busway design is the most cost- 
effective design or in other words the busway design 
with the highest benefit-cost ratio. The lower bene- 
fits for the half-free busway compared to the free 
busway design, are compensated by the lower con- 
struction costs, which are about 60% of those for a 
free busway. 

The travel time benefits for public transport users 
form the biggest share of the total busway benefits 
(f50%). The operational benefits for matatu opera- 
tors form the second-biggest part (2=30%), followed 
by travel time benefits for the general traffic (*25%). 
The operational benefits for Stagecoach form the 
smallest part of the total benefits. 

7 CONCLUSIONS AND RECOMMENDATIONS 

This study has demonstrated that substantial eco- 
nomic benefits can be obtained from constructing a 
busway on Jogoo Road. The half-free busway is the 
recommended option from a benefivcost perspec- 
tive. Interestingly, the reallocation of road space un- 
der this option, which will reduce the road space al- 
located to the general traffic, results in a wirdwin 
situation: both public transport users and operators, 
as well as the general traffic stand to gain time and 
economic benefits under this option. There is no rea- 
son to assume that a similar reallocation of existing 
road space of the rest of the trunk road network in 
Nairobi would not also result in economic benefits. 

A second conclusion to be drawn is that is has ap- 
peared possible to calibrate and apply a simulation 
model (Integration) in traffic circumstances for 
which it was not originally designed. A final conclu- 
sion is that it may be possible, by using busways as a 
‘carrot’, to stimulate the use of larger PT vehicles by 
small operators, and thus to improve efficiency of 
the public transport system. 
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Urban public bus transport in India - Problems and prospects 
Le transport d'autobus public et urbain en Inde - Probl6mes et perspectives 
Transporte publico urban0 de autobuses en la India - Problemas y perspectivas 

M. Koteeswaran 
Association of State Road Transport Undertakings, New Delhi, India 

ABSTRACT: The proliferation of personalised transport in the Indian metro cities poses serious 
threat to the environment and safety. This paper discusses the state of the public transport in 
metro cities, the competition, modal shift, regulation, technology upgradation, public private 
partnershp, road safety, Intelligent Transport System applications and funding. It calls for policy 
interventions like the polluter pays and the beneficiary bears and regulatory mechanism to ensure 
that the public purpose and the public interest are sustained in the provision of public transport. 

&SLJME: La proliferation du transport personnel dans les villes metropolitaines indiennes 
constitue une menace l'environnement et la securil '. Ce document traite de l'etat du transport 
public dans les villes metropolitaines, la concurrence, la modification modale, la regulation, 
l'augmentation technologqpe, l'association public prire, la securil'e routiere, les applications du 
systeme du transport intelligent et le financement. I1 fair appel aux principes d'intervention tels 
que le paiement par celui responsable de la pollution et le beneficiaire soutenant ainsi que les 
mkcanismes regulateurs pour assurer que les buts publics et ler inter21 publics sout maintenus 
dans la provision du transport public. 

RESUMEN: La proliferation del transporte personalizado en las ciudades metropolitanas indias 
causa grave amenaza a1 medioambiente y Esta ponencia discute el estado del 
transporte del publico en las ciudades metro, la competencia, el cambio modal, reglas, 
mejoramiento de tecnologia, sociedad publica privada, seguridad de carretera, aplicaciones 
inteligentes del sistema de transporte y financiacion. Esto pile intervenciones politicas como 
pagador contaminante y cobrador beneficiario y mecanismos reguladores para asegurar que se 
sostengan el objetivo publico e interes publico en la disponibilidad del transporte publico. 

seguridad. 

1. Introduction 

The public transport scenario in India is 
kaleidoscopic, enormous and complex. The public 
transport system is on the threshold of collapse while 
the personalised transport has registered a 
phenomenal growth. This has resulted in unbearable 
levels of pollution, accidents and congestion in all 
the Indian cities. There is an urgent need to review 
the impact and the implications of this situation. Are 
the present developments conducive to promote 
public purpose and public interest? 

2. Population 

The population of India is said to have crossed 1 
billion in October 1999. 141 mil. people live in 301 
cities of more than 100,000 population. The intracity 
vehicular trips per day were estimated to be 126 mil. 
in 1994 of which the public transport share was 
36%. India has a road length of 2.4 mil. Km. of 
which 53% is paved. The urban roads accounted for 
8.76%. But they served 11.64 mil. vehicles 
constituting 31.3% of all the registered vehicles in 
India. The cost of improvement of the urban roads 
is estimated to be US $ 2.2 billion. 
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3. Automobile Policy 

During the 1 9 6 0 ~ ~  the foreign technical collaboration 
and financial participation for specified time was 
allowed, with regulated annual production. In 1978, 
to promote competition, capacity licensing was 
abolished. In 1982, foreign participation was 
opened up and 14 firms were allowed to 
manufacture two and four wheelers. The full 
liberalisation regime was brought in 1992. 

4. Growth of vehicles 

Of the 37.2 mil. registered motor vehicles in India, 
69% were two-wheelers, 12.5% 4-wheelers, 6% 
goods vehicles and 1.3% were buses. Delhi has 2.9 
mil. registered vehicles followed by Bangalore with 
0.97 rnil., Chennai -0. 89 rnil., Mumbai - 0.8 rnil., 
Hyderabad - 0.77 milion, Ahmedabad - 0.63 mil. and 
Calcutta with 0.59 mil.. The metro cities in India 
where the traffic and transportation measures 
followed the developments are facing acute 
congestion, pollution and accidents. Hence a 
considered public transport policy is required to 
contain these problems. 

80:20 in the early 60s has reversed to 13:87. Lack of 
flexibility and inadequate expansion of rail services 
coupled with wide spread expansion of cities have 
made the Indian cities bus dependant. 

The overcrowding in the buses and non 
availability of the buses at the required frequency, 
and the improved economic conditions, have 
steadily pushed the lower middle income group 
which has been totally bus dependant to two 
wheelers available on hire purchase across the 
counter. It can be safely said that with 25.7 mil. of 
two wheelers, nearly 100 mil. passenger trips per 
day are lost by this modal shift. The proliferation of 
the personalised transport system will create more 
congestion and pollution on the roads and accidents 
are likely to increase to dangerous proportion if 
adequate countermeasures are not taken. If the users 
of the personalised transport system could be 
persuaded to return to the public transport, then it 
should be more attractive, comfortable, easily 
accessible, more frequent and cheap. This requires 
bus technology upgradation and public transport 
friendly road infrastructure like bus only lanes and 
bus priority lanes etc. Such buses should have 
power steering, air suspension, automatic 
transmission, low floor and clear engine. 

5 .Competition 
7.Pollution 

With the liberalisation, the competition to bus 
transport has come in varied forms - the auto 
rickshaws, (3 wheeler and 2 seater) the maxi-cabs, 
the minibuses, the jeeps, the tum-tums(six seaters) of 
Pune and the omnibuses. These are growing at the 
rate of 0.3 mil. per year. They seem to be above 
law. They cause both air and noise pollution, 
accidents, reckless criss-cross and overloading and 
operate not as an intermediate public transport 
system but as regular stage carriage system. Thus, 
the liberalisation did not bring competition in market 
in classified segments but only chaos; the 
deregulation did not bring discipline but anarchy. 
The worst affected in the whole process are the 
public buses. 

6 .Modal Sh f t  

The 16.45 Km. partial underground and surface 
MRT in Calcutta was built at a cost of US $368 mil. 
in 11 years. Since inception in 1984-85, it has been 
consistently underutilised and losing. The Chennai 
MRT is partially operational and the project is yet to 
be completed. In Delhi MRT project has just 
commenced. Chennai and Mumbai have sub urban 
rail systems. The rail-road modal split which was 

Petroleum consumption has grown from 17.9 mil. 
tonnes in 1970 to 84.5 mil. tonnes in 1997. Of this, 
the diesel constituted 36.2 mil. tonnes in 1997. A 
study conducted in 1994-95, showed that all the 
gasoline operated vehicles in Delhi produced 
191,200 mt of pollutants by mass while the diesel 
vehicles produced 79,000 mt a year. 

The percentage of pollution caused by the 
vehicles had increased in Delhi from 21 in 1971 to 
63 in 1999 and is estimated to touch 72 in 2001. In 
spite of the fact that the road length in Delhi 
increased from 8,231 Km. in 1971 to 21,564 in 
199 1 , the vehicle density (no. of vehicle/km.) had 
increased from 24.78 to 84.08 during the period. 

The vehicle emission characteristics depend on 
the engine technology, the type of fuel, the usage 
and maintenance of vehicle and the operating 
conditions like the road surface, speed and 
congestion. 

The two wheelers accounted for 81.82% (8.7mil.) 
of all the vehicles registered (1 1.64mil.) in 23 cities 
in India in 1997. Of these 23 metro cities, 8 
accounted for 51% of all the two wheelers in the 
country. These 8 cities generated 3,282 mt of 
vehicular pollution load per day, Delhi accounting 
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for 1 ,046mt, Mumbai 660 mt, Bangalore, Calcutta 
and Ahmedabad each 300 mt per day. The cost of 
damages in Indian conditions per vehicle per year is 
estimated at Rs.43.40/kg or US$ lOOO/mt. 

8.Accidents 

Every year about 60,000 people are killed and more 
than 300,000 are injured on the Indian roads. 
Ignoring all the other costs, the cost of compensation 
as per no fault liability alone works out to US $ 250 
mil. a year. The share of the state bus companies 
against 5,700 deaths and 18,000 injuries, is US $17 
mil. per year. If a small portion of this amount is 
invested in driver training, they may be able to 
reduce the accidents and save many lives. The 
Central and State Governments should come forward 
to share the capital and the operational expenses to 
encourage setting up of modern driver training 
institutes. 

9. Public Private Partnership 

The key issue is whether the existing urban bus 
companies which are State owned (except Calcutta) 
can meet thee challenges. Perhaps not, in their 
present form. The major problems faced by the state 
owned transport companies(STCs) could be traced 
to the high cost of operation, uneconomic routes, 
high bus staff ratio, high taxes, competition and low 
fare structure and the delay in fare adjustments. 
51% of the cost was on labour. Unless this 
component was effectively tackled, the STCs would 
continue to incur losses. The various concessions 
thrust on the STCs and not reimbursed account for 
nearly US $ 100 mil. a year. 

Most of the States justify the fare increase citing 
the huge losses incurred by the STCs and their 
operational cost. The STCs were established to 
provide mobility in public interest. If fares are to be 
increased to maintain the high cost of labour and 
operation of STCs, it is both against public purpose 
and public interest. It is obvious that public is asked 
to pay much beyond what the reasonable user cost 
should be. Indiscriminate increase in bus fare 
without value addition in service would only 
escalate modal shift to the personalised transport 
system. Under the prevailing circumstances, the 
metro bus companies have almost reached the 
optimal physical performance levels in fleet 
utilisation, bus utilisation, engine and tyre life, fuel 
consumption etc. given the state of the technology. 
Only way to control costs is to move towards 
changes in the fare collection system and Public 

Private Partnership Programmes (PPP). PPP have 
been initiated in Delhi, Orissa, Andhra and 
Bangalore, Uttar Pradesh and Punjab. 

It may be noted that the strategies adopted in the 
PPP schemes by Orissa STC on one hand and 
Andhra Pradesh STC and Bangalore STC on the 
other, are diametrically opposite in approach, 
content and delivery. The former is concerned with 
its survival and sustenance. The latter's strategy is 
conservation of capital resources and cash flow and 
cutting costs on interest, labour and infrastructure in 
short term and consolidation and stability for 
sustained well being and preemption of competition 
in the long run. However, the success of both the 
PPP models which offer different solutions depends 
upon how meticulously the presently set norms for 
partnership are adhered to without internal and 
external interventions and how the obligations and 
rights are judiciously monitored. In short, 
transparency holds the key for the success. While 
the Orissa model is rightly a commercial exercise 
without assuring a long lasting partnership, the 
Bangalore and Andhra models, as they should be, 
are built on mutual faith and a hope for long lasting 
associateship. 

Another important issue is the attitude of the 
private partners. In Delhi, they have threatened to 
pull out if their demand f w  disproportionate 
increase in contract fee was not allowed. Should 
such indiscreminate increase be allowed, it would 
work against the interest of Delhi public, the hirer, 
Delhi Transport Corporation(DTC) and perhaps 
themselves and the entire concept of PPP in Public 
Transport would in jeopardy. 

1O.Automation 

The introduction of Automated Fare Collection 
System(AFC) and upgradation of technology with 
aggregates which could last the life time of the 
vehicle and the automated maintenance, have helped 
metro bus services world over to contain manpower 
cost and improve reliability and service levels and 
revenue. Yet, in India, this could be politically 
sensitive. The fitment of power steering, automatic 
transmission, modern seats and air suspension will 
hrther reduce downtime on the maintenance and the 
reconditioning fiequency with corresponding 
reduction in labour apart fiom reducing the driver 
fatigue and improving road safety and rider comfort. 
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1 1 .Automated Fare Collection System 

BEST in Mumbai has taken the bold initiative in 
introducing contactless smart card system in select 
routes in Mumbai. BMTC, Bangalore is also 
contemplating. AFC however should be introduced 
with great planning and preparation of the 
organisation, the commuter and the common man. 
The Contactless Smart card imposes several 
constraints in the Indian context - sizeable amount of 
prepayment could be burdensome to low income 
group and impossible for the economically weeker 
section which entirely depend on the bus mode. Nor 
is it necessary for the floating population and 

occasional travellers who constitute more than a 
third, unless affordable very low denomination 
throw away plastic cards are made available (say US 
$ 1 and without retention fee). The AFC as a dual 
mode on board equipment, which could accept 
plastic money and issue tickets against coin drop, 
would be more effective and acceptable. The Central 
and State Governments should encourage the metro 
bus companies to switch over to AFC within the 
next decade. Keeping this in view appropriate 
Human Resourse management measures and HRD 
efforts should be initiated immediately such that the 
bus system becomes one man operated within 10 
years of the introduction of AFC. 

13. The cost of technology upgrahtion 

Assuming that the State owned urban bus companies 
do not expand but modernise their present fleet 
evenly over the next 6 years, they would require US 
$100 mil. per year. The situation today is that these 
Urban companies together have incurred a cash loss 
of US $ 78 mil. during 1997-98. Hence 
technological upgradation would be impossible 
without external assistance. 

14.Road Safety 

Chennai developed an exclusive elevated bus only 
lane plan to ensure smooth, adequate fast and safe 
mobility for the metro masses. Bangalore has 
concluded a comprehensive traffic study with Bus 
System as core transport medium. It has identified 
the corridors for high density single and double 
articulated buses and standard buses. The plan 
proposes special elevated bus lanes, on surface 
priority lanes and bus only lanes etc. for the entire 
Bangalore metro, with adequate linkages with other 
intermediate modes. The hture driver, friendly with 
electronic gadgets, will have to be a able to read 
navigation map, listen and respond to all queries on 
line. Thus the driver training should undergo a sea 
change. Such infrastructure development and driver 
training would reduce the road accidents to a great 
extent. 

12. Alternative Fuel 
1 5.  ITS Application 

As a pollution counter measure, BEST has in fact 
commenced trials with CNG in 10 buses. In view 
of very high pollution levels in Delhi, the Supreme 
Court of India has ruled that the buses in Delhi 
should use only CNG. An investment of US $ 26 
mil. would be required for this conversion in DTC 
alone. 

Since CNG mode is for social good, the entire 
burden of such conversion should be borne by the 
society at large rather than the service provider. The 
investments and expenses should be specifically 
identified, and provided by the Central and State 
Governments. Such incentives for clean engines in 
USA, UK and Australia have indeed encouraged the 
bus operators mostly the State owned to switch over 
to CNG mode. Hence, pragmatic economic 
packages should be worked out and this should come 
out of a declared policy under environmental 
protection. So long as the technology, machines and 
fuel are made available at current costs, no bus 
company should hesitate to hlly gear up to the 
cause of keeping the environment clean and safe. 

GIS and GPS applications are in embryonic stages in 
BMTC. APSRTC has invited tender for Advance 
Vehicle Location and Passenger Information 
(AVLPI) System. It is an ambitious scheme which if 
implemented successhlly is bound to revolutionalise 
the transport system in the country. Beyond that, it 
may provide the vital clue to reorganise and 
restructure the bus company and its role. From the 
present status of a bus operator, the state owned bus 
company, with the use of GPS and AVLPI System , 
could emerge as a service provider and coordinator 
without owning buses, depots and maintenance shed, 
men and materials. Ultimately this has to happen. 

16. 'Polluter Pays' 

Suitable mechanism should be found to collect 
annual fees from each vehicle owner to pay for the 
share of pollution caused by his vehicle. The vehicle 
pollution load caused by each two wheeler, four 
wheeler, three wheeler and bus/truck has been 

326 



estimated to be in the ratio of 1:3:4.5:8.4 and the 
cost of pollution caused by one two wheeler is at US 
$ 57 per year. 

17. 'Beneficiary bears' Parhng 

In metros, nearly 30% of the paved roads are 
occupied by the 2 and 4 wheelers. The agencies 
controlling the parking lots fleece the customers. 
The shop owners occupy the road space for parking 
their vehicles and for their operations, in front of 
their shops. Along with it, the pedestrian walk way 
is also blocked by them. The parking lots should be 
automated and large infrastructure needs to be 
created. The beneficiary bears principle should be 
applied to regulate the parking part of the traffic 
management. But a regulatory mechanism should 
be in place before this activity is streamlined. 
Enormous revenue could accrue out of these in the 
metro cities which is largely drained off today by the 
various agencies at different levels. 

1 8. Policy Based Funding 

To promote public transport, a policy based funding 
should be in place. The Governments in Centre and 
States should apportion certain h n d  as in UK and 
USA to encourage public transport to improve its 
services. Funds should be made available to the bus 
and truck operators who satisfy prescribed norms 
and who replace their existing vehicles with 
upgraded technology and meet emission norms. 
Special assistance should be extended to those who 
opt for alternative he1 like CNG. 

19. Regulatory Authoriq 

A Regulatory Commission should be created 
without further delay to regulate, monitor, review 
and assist the road transport industry. in 
restructuring, financing, technology upgradation, 
automation and pricing all modes of public transport 
by road as in telecom and power sectors. It should 
bring order and peace on the chaotic Indian roads 
which today serve everything against public interest 
and public purpose. A comprehensive traffic and 
transportation system should be evolved for each 
metro city. 

20. Conclusion 

The absence of a transport policy is the root cause of 
the problems of vehicular pollution, congestion and 
accidents in India. With the rail based system not in 

sight for another decade or two in all the metro cities 
other than Calcutta, Chennai and Delhi, the bus 
transport holds the key to contain these socio- 
economic issues. But the bus requires new 
technology. 

Technology upgradation cannot come about 
without additional investments. Assistance is 
required as the urban bus companies are in financial 
ruins. But the assistance should be directly related 
to distinct objectives of pollution control, 
decongestion and road safety. 

Second, the quantum of assistance or agrant 
formula should be evolved so that the responsibility 
of the Centre, State, the bus companies, the vehicle 
manufacturers and the passengers is shared in 
equitable proportions. 

Third, the Central Government must amend the 
Motor Vehicles Act to incorporate establishment of 
an independent Road Transport Regulatory 
Commission at Centre and in eac.h State with 
defined objectives, roles, powers and obligations to 
ensure overall improvement in Traffic and 
Transportation Management and to fix equitable 
fares for the services rendered. 

Fourth, investments for automation of operations 
management like AFC, GIS/GPS and ITS 
application should be encouraged by the same 
formula or by long term soft loans. These projects 
though are capital intensive, would be bankable. 
What is required more is a policy framework to 
support the bus companies legally and politically to 
effect the schemes replacing the labour as painlessly 
as possible. 

Fifth, every concession granted by the State 
Governments to sections of the society should be 
accounted for and reimbursed from the respective 
department's budget. The bus companies should be 
encouraged to display by a separate schedule, the 
details of the heads of concessions, and amounts 
involved and reimbursed. 

Sixth, the State should encourage setting up of 
driver training institutes and accident research and 
automated vehicle inspection units to promote road 
safety. 

Lastly, in order to promote Public Transport as 
such excise and duty concessions should be allowed 
to facilitate import or encourage cheap availability 
of devices and aggregates which promote the 
objectives of pollution control, technological 
upgradation and safety. 

The ultimate test of an efficient transport 
system is not only whether it serves free mobility but 
in doing so whether it serves public purpose and 
public interest. 
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Alwt ix t :  ’Pile promotion of public transport directljz benefits the iirhan en\~iroiiiiient. ‘l’liis paper reports on the 
preparation of’ ( ’went  Public Transport Records (CPTRs) by Transport Aut1ioi.ities i i i  the I’ro\:ince of (;auteng, 
South Afi-ica. ‘l’lie integration of the various CP’I‘Rs into a prcwince-\vide passenger transport inlimiation system 
is discussed. The paper is concluded by a short description o f  a research project aiiiicd at cliiantif)’ing the impact of 
cstciml land-use. socio-economic and othei- factors oii public transport needs. 

liPsunil.: 1-21 proinition du transport public beneficie I ‘environment urbain dircctetiient. Ce closier rapportes sur la 
pi-eparation d‘uiie Sondage Actuel des conditions du Transport Public (SAC’IP) par les authorit& routieres dam la 
pi.o\.iiicc tie Gauteng en Afi-ique du Sud. L’iiitegration des divers SAC‘TP sur Ic transport des passagers dans la 
pix)\’ince est discutke. Ce dosier est conclut par LIII brc‘f description d‘un pro.jet de recherche fait dans le but de 
qi ini i t i  fici- Ies impact de I’utilisation exteriie de l’espaces. socio-econoiiiique et autrcs facteurs sur les besoins du 
t rii 11s po rt pii 171 i c. 

1 .  lN1’RODUCTION 

1 . I E‘COIIOMI~C coi;7siderations 
The Gauteng Province in South Africa is tlie economic 
hub of the country. Despite its area being only 1,4% or 
that  of the whole of South Africa, it is responsible for 
37% of‘the Gross Domestic Product, it has 38% of tlie 
6-6 million vehicles in South Africa and 30% of all fbel 
sold nationally is sold within Gauteng. Gauteng 
Provincc hosts the largest labour force of all the 
provinces. providing job opportunities for inore than a 
pi-ol-7ortionate number of worlters; namely for inore 
than 27%) o f  the total number of forinal employees in 
South Africa. The estimated population of Gauteng in 
1996 was approximately 7,7 inillion people of which 
inore than 99% is considered urban. By 2010 tlie 

population is expected to increase to about 15,3 inillion 
people. The population density in  Gauteng is 
compared in Figure I with that of other South African 
provinces and internationally. The urban character of 
tlie province is evident from this cornparison. 
On the other hand, the small overall size and highly 
urbanized character of Gauteng Province are evidenced 
by tlie sinall percentage, of the country’s 200 00 km of 
national and provincial roads within the Province. This 
figure is less tlian 3%. 

1 .2 7i~Lrre,],orr 
‘l‘lie transport modal choice of coininuters in  Gauteng 
( 1005) is shown i n  T d l e  1. 
Table 1 shows that: 
0 a large percentage of rural trips are made on foot 
0 the private vehicle accounts for 40% of urban 

coin in u t er trips 
0 public transport accounts for 42% of commuter 

trips in urban areas, but only 14% in rural areas. 
Ciauteiig has a relatively complex rail network serving 

commuters. local passengers, mainline passengers and 
freight. The area of Gauteng is served by over 330 
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Mode Total Urban 1 Rural 
NLlmbel- I Per- NuInber I Per- 1 Num- I Per- 

Sclioenian) freeway between Pretoria and 
Johannesburg wliicli carries more than 150 000 

(LOS) equal to or greater than E. The percentage 
column relates to the percentage of congested roads in 
relation to tlie total road length in tlie province. Tlie 
congestion during peak hours in tlie major urban areas 
of Pretoria. Johannesburg and Eastern Gauteng is 
evident. 

Train 
f3us 

active railway stations. However, based on the average 
density of cacli metropolitan area and a wallting 
distance of 1 km, it is roughly estimated that only 10% 
01‘ the population lives within wallting distance of tlie 
rai I ncti~orl<. This indicates a significant opportunity 
for dcnsification close to the rail stations. Large 
improvements in feeder and distribution services to and 
h n i  stations are also required to improve the 
utilisation and effectiveness of the rail mode. 
tip to present, road based public transport lias been 

unregulated and uncoordinated to a large extent. It  is 
only now that specific strategies are being iinpleinented 
to achieve discipline and order in the industry. In  
1990, the bus serviccs in Gauteng were provided by ail 
cstiiiiated 5200 buses; managed by eight municipal 
opcrators (1 200 buses), one semi-state operator (1 000 
buscs), oiic major private operator (2000 buses), and a 
number of smaller private operators ( 1000 buses). 
Since 1990, tlie number of buses lias declined, in 
particular due to a number of inunicipal operations 
wliich have been terminated. Tlie biggest proportion of 
commuter transport (in excess of 50% of all public 
transport trips) is by minibus-taxi. Minibus-taxi 
serviccs in South Africa are operated on an informal 
‘tjitiiey-type”basis i.e. unscheduled but on a fixed route. 
A number of operators, typically those operating a 
specific route or in  a specific area. would forin an 
association representing that specific group of 
operators. Sucli associations are now acluiowledged in 
more recent legislation dealing with tlie regulation and 
control of minibus-taxi services. An estimated 220 taxi 
associations are registered in Gauteng. They represent 
approximately 2 1300 members operating 
approximately 3 5000 minibus-taxis. Of tlie estimated 
total number of minibus-taxis in tlie province, 57% is 
considered illegal in that they are not operating in 
terms of tlie conditions of a valid permit. 

- 
veliicles a day with volumes growing constantly. cent cent ber cent 

118390 7 188316 7 74 1 
259743 254963 4879 TuhZe 2 shows tlie length and tlie percentage of roads 

1.3 Road congestion 
Many of our freeways and other major roads in 
Gauteng are facing severe congestion at peak periods 

Area LOS = E I LOS=.E 
klll I Y” I I<m I % 

2. NATIONAL AND PROVINCIAL POLICY AND 
LEGISLATION 

2.1 Policy sluteinenls 
It  i s  an adopted policy of national government to 
promote more energy efficient and less pollutant modes 
of transport, suggesting that preference should be given 
to public transport over private transport. Gauteng 
provincial policy is more specific by stating its 
intention to promote public transport in order to benefit 
tlie environment. Tlie use of higher occupancy 
vcliicles is also recognised as a transport demand 
inanagcineiit tool, to reduce congestion. 
Tlie implementation of this policy is however 

problematic due to tlie past unavailability of 
inf‘ormation about public transport (and tlie 
unreliability of tlie little information wliicli is 
available). Information about minibus-taxi services, 
m/liicli is the biggest component of public transport, lias 
been particularly poor. Very little information lias 
therefore been available about the availability of public 
transport capacities in relation to existing and potential 
demand for services. To be more precise: tlie 
inadequate information made it impossible to target 
available funding to areas and communities with tlie 
greatest need for public transport. 

2.2 Lcgul requireinents 
In  recognition of tlie identified need for appropriate 
public transport information, the national Department 
of Transport initiated a process of establishing records 
of’ public transport supply, and public transport 
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capacity utilisation, for all metropolitan transport areas 
in  tlie country. These current public transport records 
(CI’TRs) became a statutory requirement in t e r m  of. 
national legislation promulgated in 1998. 

In Gauteng, tlie process of preparing CPTRs started 
about mid- 1998 and was initially aimed to be 
completed by December 1998. Various practical 
problems however occurred and, perhaps, an under- 
estimation of tlie task, resulted in CPTRs only being 
completed as from May 1999, with that of 
.loliannesburg being fiiialised only by November 1999. 
’l‘lic total cost of this first round of CPTRs ainounted to 
niorc than R7 million (ie. inore than $1 million). It is a 
legal rcquirement that CPTRs be annually updated, 
where appropriate and practical. 

2.3 Trcnisporf plnnning process 
‘I’lie preparation of CPTRs is only one element of tlie 
total transport planiiing process as being practiced in 
South Africa. F~gzire 2 shows the inter-relationship of 
transport plans to be executed by each of tlie three 
sphcres of govcrnment - note that national aiid 
provincial government are only required to give 
guidance to inunicipal government, wliicli has to 
prepare the detailed transport plans, consisting of the 
following components: 
- Current public transport record (CPTR) 
- Permission strategy 
- Rationalisation plan 
- Public transport plan 

Transport Plan. 
All of the above are to be combined into an Integrated 

3. PREPARATION OF CPTRs 
At tlie municipal level, Gauteng can broadly be divided 
into six areas, each of which had to prepare a CPTR for 

Figure 2. Inter-relationshiy hetiseen Trans-wrt Plans 

its own area of jurisdiction. Due to its urban character, 
tlie whole of Gauteng is covered by the six areas. 
ranging from densely populated urban areas to fairly 
remote rural areas. 

A Co-ordination Committee consisting in essence of 
representatives of tlie Gauteng Province and each of 
the six municipalities, was established to co-ordinate 
tlie data collection and other tasks associated with the 
preparation of the CPTRs. Due to the national 
requirements not being very precise as to how, when 
and where data had to be collected, the Co-ordination 
Coiiiiiiittee’s task became very important in order to 
achieve some uniformity in procedures and 
deliverables. After tlie completion of this first round of 
CPTR preparation. the Co-ordination Coinniittee was 
then taslted to work towards the integration of the 
various information systems, with the eventual aim to 
establish a province-wide public transport information 
systeiii accessible to all its primary users. 

4. DATA STORAGE & DISSEMINATION 
The successful storage and dissemination of data from 
a project such as tlie one described above is one of the 
key indicators by which its’ success will be measured. 

I t  was found that the nature of the captured 
a1 plianunieric data was such that it was difficult to 
understand aiid interpret when presented in tabular 
format. Adding a few graphs and charts alleviated this 
problem to a certain extent, but spatial adjacency still 
remains a luxury which could not be obtained. What is 
iiieant by tlie term “Spatial Adjacency” in this context 
is tlie relative positioning of routes to other routes in 
the system, as well as the positioning of routes relative 
to areas of residence and work. 

Questions which cannot be answered easily by 
interrogating information about passengers in tabular 
data include ones such as: 
0 What are the total number of routes travelling 

across a single road link? 
0 What is tlie average walking distance from a 

boarding point? 
0 Which areas are not serviced by public transport 

within a maximum walking distance of 1 lun? 
What is the relationship between socio-economic 
cliaracteristics and public transport mobility? 

1 t is tlierefor imperative, that information for public 
transport be stored with a spatial dimension. In other 
words, tlie information need to be displayed on a map. 
Tlie CPTR information gathered in Gauteng was 

initially only stored in alphanumeric databases. The 
information was subsequently linked to a common GIS 
basemap. Linking the information to the basemap 
allowed the data tlie required additional spatial 
dimension. Spatial adjacency was now implied and all 
different types of queries previously not possible, can 
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i i w ~  be done. Spatial adjacency will also make it 
possible to coinpile and compare the different 
performance indicators for different areas in the study 
to quantify public transport levels of service (LOS). 
Information for land-use and demographics is also 
available in GIS and, therefor, the different sets of 
inlorniation can be layered on top of one another and 
analysed. The relative analysis of different parameters 
is one of. the key advantages of storing tlie information 
spatially. The following diagram indicates the high 

even allows for this information to be queried and 
accessed remotely via the internet. A typical interface 
for extracting information regarding public 
transportation routes via the internet is displayed on 
,figlire 4 .  

Providing effective and accurate information by using 
a GIS. enhances the decision makers ability to plan and 
thereby ensure services rendered will be focused on 
the clients' needs. 

level of information flow and storage of information 
that is possible in this manner. 
The dissemination of tlie information was also 
simplified by storing tlie information in a GIS. 
Planners can thereby be provided with information for 
certain areas by selecting it from a map. 'The added 
advantage of internet mapping technology is that it 

5 .  POTENTIAL USE OF CPTR INFORMATION 
'The potential use of CPTR information is shown 
diagramiiiatically/ on Figure 5. The original intention 
with thc preparation of CPTRs was to provide 
inl'orniation for planning, and for regulation and 
control purposes, as shown on Figure 5. The use of 
CP'I'R information for monitoring purposes has so far 
not been given sufficient attention. 

6. ANALYSIS 
The development of the GIS-based integrated 
provincial-wide information system creates a unique 
opportunity to. as part of the monitoring process. 
analyse tlie actual availability of public transport in 
tcrnis of the available levels of services (LOS). A 
research prqject initiated by tlie Gauteiig Province 
endeavors to compare levels of service between 
municipalities as well as with external variables sucli 

Figure 3. High level injormation flow 

Figure 4. Querying public iixmsport injormation via the 
Internet Figure 5. Poienliul use of CPTR information 
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Figure 6 Basis for analysing public trmsport levels 
o j  Service 

as land use characteristics, socio-economic 
characteristics, transport characteristics and funding. 

It was decided to analyse public transport levels of 
service at the micro-level i.e. between a selected major 
origin and a selected major destination - see Figure 6 
for a diagrammatic illustration of this principle. 
This approach a l low for a clearer indication of the 

impact of external factors on public transport levels of 
service. Tlie careful sclectioii aiid analysis of different 
ori6iii-destiiiatioii (0-D) pairs throughout the province 
iiialtes i t  also possiblc to coiiipare public transport 
levels of service in  different municipalities. 
Available information in a GIS format that will be 

used, in the research prqject include tlie following: 
- current public transport records (CPTRs) as 

previously discussed; 
land use informatjon available from 
municipalities; 

- All Media Products Survey (AMPS); and 
- Statistics SA (StatsSA) '96 census data 

From the above sources it will be possible to derive 
for each selected 0 - D  pair: 
- public transport availability and capacity 

utilisation: and 
- public transport levels of service e.g. walking 

d 1 stances , 
which will be compared to: 
- land use characteristics (type and density); and 

tlic socio-economic profile (income, car- 
ownership, etc.) 

I t  is intended to run the statistical data through the 

SPSS package to do a cluster analysis on the variables. 
The purpose will be to finally compare the geographic 
segmentation with the physical clustering results. 

'Fhe research pro-ject has now only started (November 
1099) and is expected to be completed by March 2000. 
Initial runs on a selected 0 - D  pair in Pretoria 

(Mamelodi to Pretoria CBD) indicated that tlie 
intended approach is realistic and proved the usefulness 
of utilising GIS as a tool to improve the understanding 
01' public transport in relation to various external 
factors. 

7. CONCLUSION 
?'lie promotion of public transport is an adopted 

policy of a11 spheres of government in South Africa. 
Tlie achievement of this policy will greatly benefit the 
urban-eiiviroiiineiit in Gauteng. However, very little 
Itnowledge exits about the effect of land use, socio- 
economic characteristics of the population, funding, 
and other external factors on public transport 
availability aiid levels of service, in the African 
context. This knowledge is considered essential to be 
able to target improvements in public transport services 
to those areas and communities where tlie greatest need 
csist. and hence to be successful in our endeavors to 
pi-omote public transport. The GIS is to be used 
extciisively in Gauteiig for the creation of a proviiice- 
wide passenger transport information system. In  
addition, it is also to be linked to various other 
available GIS-based information systems, which 
describes tlie passenger transport user and its 
environment. In  Gauteng, this opportunity was 
idcntilicd and a unique research pro-ject was launched 
in  ordcr to uiiderstand what deteriiiiiies public transport 
availability aiid levels of service. 
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Public transport system in Delhi - Some issues 

Taranjeet Singh Chopra 
India 

ABSTRACT : The promotion of public transport benefits the urban environment . This paper 
deals with mine issues of public transport system in Delhi 

1 .  URBAN TRANSPORT SCENARIO 

1.1 Public Transport policies in urban areas 
i n  India are yet to be spelt out rationally. 
While trying to place (( Public 
Transport )) in  some sort of a 
perspective in the context of two 
scenarios viz. Pre-independence era and 
the decline in  socialistic pattern of 
societies in the ~ O ’ S ,  in  the realm of 
debate associated with Liberalization, 
Privatisation and Globalization of the 
Indian economy, whatever clarity there 
once was with regard to public 
transport policies, has become blurred. 

1.2 Prior to Liberalization, there was a 
general acceptance that transport as a 
public utility carried sizeable amount of 
social costs. As a consequence, the 
pricing of public transport was 
deliberately pegged down to make it 
affordable to users and the gap between 
Expenditure and Income were covered 

1 .  

by the Government to compensate the 
social costs. 

3 There are several ways in  which social 
good has been compensated the world-over 
and one of the accepted method has been to 
provide capital as grant for rolling stock 
and infrastructure and to allow transport 
undertakings to charge only for the 
operating costs. Even this has not been 
possible and, in a large number of 
European and American cities, revenue 
expenditure is also subsidized to the extent 
ranging from 25 to 75 per cent. 

1.4 I n  the Indian context, no such delineation 
of Government grants for capital and 
revenue expenditure has been made. All 
funds received from Government are being 
treated as loan capital bearing interest. 
Thus, even the social costs borne by State 
Government Undertakings on behalf of the 
Government were covered by loans rather 
than by grants. 
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1.5 The decline of public transport which 
occurred essentially due to paucity of 
funds to maintain the desired' service 
levels, in turn, led to a large number of 
personalized vehicles invading the 
urban scene. The roads were not, even 
with marginal widening, planned for 
this enormous growth. The result was 
low speeds, congestion and traffic jams. 
Along came the pollution caused by 
auto i n  o t i ve em i s s i o 11s. 

2. TRANSPORTATION SYSTEM IN 
DELHI. 

2.1 Till the beginning of the 199Os, DTC 
has had a near monopoly of operating 
stage carriages in the entire 
metropolitan region of Delhi. During 
the late 1970s and in the 1980s, there 
has been a massive induction of 
personalised vehicles in all urban areas 
in tlie country. Delhi, however, 
absorbed more vehicles than other cities 
with the result that today Delhi has 
inore number of automobiles than 
Bombay, Calcutta and Madras put 
together . 

2.2 The policy should have been to 
iinprove the adequacy and quality of 
public transport systems in order to save 
Delhi from the ill-effects of a large 
number of personalized vehicles. 
UnfortLinately, however, this was not to 
be. At exactly the same time, DTC was 
plagued with inability to replace its 
worn-out buses and a financial crisis 
was brewing. 

2.3 In  an effort to improve availability of 
transport, the Government took a 
decision f '0 1 1 o w i n g amend meii t s to the 
Motor Vehicles Act i n  1988 to 
introduce private buses. This was in 
keeping with tlie mind-set that 
privatization was a cure-all for public 

sector inadequacies or inefficiency. 
Public utilities, and particularly public 
transport, have certain indivisibilities and 
adhoc injection of private sector 
complicates and even worsens matters 
further. This was precisely what happened 
in Delhi. 

2.4 It may be pertinent to quote here the 
observations of the Balakrishnan 
Committee which was set up as a follow up 
of the recommendations of the Sarkaria 
Commission to look into the status of 
Delhi : 

(( The question whether the transport services 
in the inetropolitan city should be operated by 
private agencies or by governmental agencies 
is one on which there has been a lively debate 
for quite some time. 
Everyone is familar with the arguments 
advanced in support of these Differing points 
of view. However, for very valid reasons, our 
government has long since adopted the policy 
of a nationalized transport system on the 
ground that i t  is the best course in the interests 
of the people at large. 
There are, however, still some persons who 
are strong advocates of a privately operated 
transport system. But it is in Delhi that we see 
the phenomenon of the public transport 
system being siinultaneously operated by both 
a government undertaking and private 
operators. We are not clear as to how and 
why this system has come into vogue, but 
what is quite clear to every one by now is that 
the system has been a failure from the point of 
view of the public of Delhi. In the view of 
quite a few, this arrangement has been 
responsible for many of the present problems 
faced in regard to urban transport as well as 
for the heavy loss of revenue to the exchequer. 
I t  is also common knowledge that the private 
buses are, more often than not, responsible for 
complaints like wrong parking, overspeeding, 
rash driving, etc. as also for most of the traffic 
accidents. )) 
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3.  NEW ECONOMIC POLICY 

3.1 The 1990s began with a new economic 
policy which was designed to encourage 
private entrepreneurship wherever 
possible and the withdrawal of 
Government and Government aided 
enterprises from several sectors of the 
economy. It  was obvious that the 
financial losses incurred by DTC and 
the funds that were needed annually to 
cover its deficits became the obvious 
target of economics reforms. Although, 
there is an increasing realization that 
sectors such as transportation, which 
have traditionally borne the brunt of 
social cost, should have been treated 
inore selectively ; the overall thrust of 
privatization seems to have engulfed 
DTC too. 

3.2 The policy issues which enamate from 
the liberalization reforms being talked 
of can broadly be summarized as 
fo 1 10 ws . 

i) Resource mobilisation for development 
and operation ; 

ii) Restructuring of DTC to enable it to 
operate on business-led principle ; 

iii) Forniulation of a suitable regulatory 
framework to ensure fair competition 
between its own buses and the private 
buses - safeguarding inter-alia the 
consumer interests, p U b 1 i c safety and 
the environment itself ; 

iv) Suitable policy frame for re- 
development of surplus man power. 

3.3 While considering the above policy 
issues, a clear cut decision would need 
to be taken by the Government as to 
what extent the development and 
operation of public transport could be 
left to the market forces and to what 
extent it would have to be financed by 
the Government from the exchequer 
resources, because transport is 

considered as a (( public good )) or 
because of the (( external )) effects of 
transport such as air pollution, urban 
co ng es t i o n et c . 

3.4 Considering that the Government 
continues to be the owner of the 
organization, it needs to be sorted out as to 
what sort of relationship there should be 
between the Government and the 
management. Commercialisation of DTC 
will imply that it must enjoy more powers 
in its pricing, investment and operational 
matters. Another related issue with regard 
to commercialisation of DTC would entail 
fixing responsibility for the costs of social 
obligations carried by i t  in the form of 
various c o nc e s s i o na 1 passes , provision of 
an-economic services, provision of special 
services like U-Specials, office-goers 
specials etc. Such social obligations would 
need to be quantified and the issue with 
regard to pricing/subsidy resolved there of. 

3.5 To recapitulate, given that the thrust of the 
new policy is to withdraw budgetary 
support to DTC to enable it to operate on 
business lines, the decision on following 
would need to be taken without further 
delay : 

a) The extent to which DTC is permitted to 
set the prices of its products ; 

b) The extent to which it is left free to 
determine its investment after provision of 
desirable equity base ; 

c) The extent to which it is forced to carry 
social obligations ; and 

d) The extent to which it is allowed autonomy 
and freedom Governmental intervention in 
carrying out its day to day functions. 

I t  may be relevant to mention here that during 
the last 40 years or so, DTC has hardly 
enjoyed any power or freedom to make 
decisions on any of these matters in its 
interests. The crucial decisions taken in the 
past were in favour of its social or political 
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considerations than corporate interest of the 
organisation. If all these policies are to be 
reversed in  the changing environment, i t  
must not be done half-heartedly. 

4. EXECUTION OF URBAN 
TRANSPORT POLICY - SOME 
IMPLICATIONS. 

4.1 The question arises as to why did it 
happen the way it did ? We had allowed 
the cities to grow in a way that transport 
needs transport needs always 
outstripped an affordable transport 
supply. India's transportation plans had 
opted for capital intensive solutions and 
even our industrial policy has favoured 
inanufacture of personalized modes of 
transport rather than of buses. 

4.2 Added to the above scenario was the 
fact that the growth in volume of traffic 
has not been matched by an increase in 
road capacity. 

4.3 Incidentally, from the point of view of 
quality of urban life, the percentage of 
Urban Space used for Transportation to 
Total Urban Space in major urban 
centres in India is of the order of 1 1  to 15 
% as against an average of 30 'XO and above 
in Western Cities. In Chicago and Los 
Angeles, this percentage is as high as 40 % 
and 60 YO respectively. 

5. CORRECTIVE ACTION IN THE SHORT 
RUN. 

5.1 In order that the situation doesn't go out of 
hand, the plans encompassing the following 
would need to be prepared : 

c) Reducing travel demand by locating work 
places near residential areas. 

5.2 The above plans would need to be 
dovetailed into environmentally free 
Sustainable Transport System Networks. 

5.3 Pending execution of plans pertaining to 
Mass Rapid Transit System, the case for 
strengthening the Bus Transit System in the 
next 5 to 10 years cannot be over-emphasized. 

a) Facilitating movement of pedestrian, 

b) Preferential treatment of buses and 
cyclists and public transport vehicles ; 

reservation of lanes for them ; and 
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1.6 Pedestrians, two wheels 
Pietons, deux roues 
Peatones, dos ruedas 
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ABSTRACT: In many Asian and African cities, motorcycles constitute a significant proportion of trafic on 
many roads. Unfortunately, in spite of this situation and the increasing importance of motorcycles in the eco- 
nomic and social conditions in the cities, there is little or no understanding by traffic engineers and managers 
of the current and likely future effects of motorcycle traffic on the quality of traffic movement and the urban 
environment in the cities. In addition, in many countries, motorcycles characteristics and behavior have not 
been internalized in urban traffic engineering and environmental pollution analysis. 
This paper describes a technique which can be used for two main functions. First, it can be used to determine 
the likely impacts of the quantity and operational characteristics of motorcycle traffic on the quality of air 
near urban roads. Secondly, it can be used to develop appropriate trafic management strategies in cities with 
significant proportions of motorcycles in the traffic streams. 
The paper also describes the results of a simulation study of the implications of the typical situations in Ha- 
noi, Vietnam and Bangkok, Thailand and the likely future situation in some African cities. 

&SUMk: Les deux-roues representent une grande part du trafic routier dans les villes asiatiques et afri- 
caines. Malheureusement, en depit de l’importance croissante prise par les deux-roues dans la vie economique 
et sociale, les consequences futures du trafic motocycliste sur la qualite des mouvements du trafic et sur 
l’environnement urbain est a l’heure actuelle mal ou pas comprise des ingenieurs en charge du trafic et des 
gestionnaires. En outre, dans de nombreux pays, les characteristiques et le comportement des deux-roues ne 
sont pas prises en compte dans l’analyse du trafic et de la pollution de l’environnement. Le present article de- 
crit une technique ayant deux fonctions principales. La premiere est la determination des impacts probable des 
quantites et des caracteristiques du trafic motocycliste sur la qualite de l’air au voisinage dex axes urbains. 
Elle peut egalement Ztre utilisee pour le developpement de strategies adequates dans les villes ou les deux- 
roues representent une proportion elevee du trafic. 
La presente contribution decrit egalement les resultats d’une simulation sur les implications des situations 
types a Hanoi au Vietnam et a Bangkok en Thailande et les situation susceptibles de se developper a l’avenir 
dans un certain nombre de villes africaines. 

RESUMEN: En muchas ciudades de Asia y Africa, las motocicletas constituyen una significante parte del tra- 
fico en muchas vias. Desafortunadamente a pesar de esta situacion y del increment0 de la importancia de la 
motocicleta en las condiciones economicas y sociales en las ciudades, hay poca o ninguna compresion por 
parte de 10s ingenieros de trafico y managers del efecto existente y futuro de la motocicleta en el movimiento 
del trafico y en el medio ambiente en las ciudades. 
Ademas en muchos paises la caracteristicas y comportamiento de la motocicleta no han sido interiorizadas en 
analisis de la contanimacion del medio ambiente y la ingenieria de trafico urbano. 
Este documento describe una tecnica que puede ser usada por dos hnciones fundamentales. Primero puede 
ser usada para determinar 10s probables impactos de la cantidad y caracteristica operacional del trafico de 
motocicletas en la calidad del aire en vias urbanas. Segundo, puede ser usado para desarollar apropiades es- 
trategias para administrar el trafico en ciudades con proporciones significantes de motocicletas en la corriente 
de trafico. 
El documento tambien describe 10s resultados de un estudio simulado de las implicaciones de una situacion 
tipica en Hanoi, Vietnam y Bangkok, Thailandia y la posible futura situacion en algunas ciudades de Africa. 
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1 INTRODUCTION 

1.1 It is internationally known for decades that 
high proportions of motorcycles have characterized 
traffic streams in many Asian cities such as Banga- 
lore (India), Bangkok (Thailand), Hanoi (Vietnam), 
Taipei (Taiwan) and Surabaya (Indonesia). How- 
ever, in the last two decades a number of African 
cities, for instance Coutonou (Benin) and Lagos 
(Nigeria) have started to experience the same phe- 
nomenon. The rate of growth of motorcycles has 
been higher than expected in some Asian and Afri- 
can countries. For instance, in Bangalore (India) the 
number of motorcycles increased from around 
50,000 in 1977 to over 500,000 in 1992 (Heierli, 
1993), and in Nigeria motorcycle imports increased 
from 5,000 units in 1991 to 30,000 units in 1994 
(Howe and Oni, 1996). The increasing use of motor- 
cycles is believed to be related to the following: 

The increasing level of poverty in several de- 
veloping countries. For example, in Nigeria a 
medium sized car that used to cost 1.5-2 years 
average salary of a middle class earner in the 
1970s costs 20-25 years salary in 1996 (Howe 
and Oni, 1996). 
The increased congestion in cities of relatively 
poor developing as well as those in relatively 
rich countries. Bangalore is a good example of 
the former and Taipei is a good example of the 
latter. 
The travel flexibility offered by motorcycles re- 
duces travel time and cost. 
The deterioration of the condition of the public 
transport encourages the use of motorcycles as 
a, door to door, means of transport. 
The increased acceptance of this mode by the 
middle class. 

1.2 Unfortunately, motorcycles are hardly men- 
tioned in most of traffic engineering textbooks. 
Many traffic engineers seemingly think that motor- 
cycles have no significant effect on the quality of 
traffic movement on urban roads. As a result, motor- 
cycles are often discarded in trafic counts, and even 
traffic detection equipment often fails to incorporate 
detection of motorcycles (Powell, 1997). Research 
by May and Montgomery (1986) showed that while 
motorcycles crossing the stopline in the first six sec- 
onds of effective green time imposed little imped- 
ance on traffic and therefore had a passenger car 
equivalent (pce) of zero, motorcycles crossing the 
stop-line later in the cycle had a pce of 0.53 to 0.65 
depending on the lateral position that the motorcycle 
adopted to undertake its movement.. 

1.3 Very little attention has been paid to motor- 
cycles as a serious source of air pollution in most 
countries, perhaps with the exception of Taiwan, 

which seems to be the only country with a policy of 
encouraging the use of specific types of motorcy- 
cles. Motorcycles, especially the two-stroke engine 
type, have a considerable contribution to air pollu- 
tion. In particular, hydrocarbons (HC) and organic 
particulate (SPM). This is because of the high emis- 
sion rates, due to the absence, in most cases, of 
catalytic converters and use of motor oil and he1 
mixtures. According to Tzeng and Chen (1998), the 
HC and CO emissions of motorcycles occupy the 
first and second places among all transportation 
means in Taipei. In addition, review of results from 
Asian case studies shows that in some cities, motor- 
cycles may be contributing up to 92 YO to 100% of 
SPM pollutant emissions and 78 % to 100% of HC 
pollutant emissions. 

1.4 The preceding analysis indicates that motor- 
cycle characteristics and behavior need to be inter- 
nalized in urban traffic engineering and air pollution 
analysis. Internalization and better understanding of 
motorcycle characteristics and behavior will ensure: 

* better estimation of motorcycle contributions to 
exhaust emissions. 

optimal design of traffic control signals 

* better geometric design of urban segments used 
by motorcycles. 

0 more efficient allocation of lanes for different 
types of vehicles. 

1.5 Consequently, a research project has been 
initiated to develop appropriate tools for analysis of 
the effects of motorcycles in mixed traffic on urban 
roads. This paper describes one of such tools. It 
deals with a simulation model of motorcycle behav- 
ior at signalized road intersection approach sections. 
The rest of the paper is organized into four sections. 
Section 2 describes a theoretical model simulating 
maneuvering characteristics of motorcycles. In sec- 
tion 3, an application of the model for estimation of 
air pollution is presented. Discussion of the results is 
presented in section 4, and section 5 presents the 
conclusions and notes the practical benefits of the 
research. 

2 THEORETICAL MODEL SIMULATING 
MOTORCYCLE MANEUVRES ON URBAN 
ROADS 

2.1 In his pioneering work, Powell (1997) de- 
scribed the behavior of motorcycles. He stated that 
their behavior is hndamentally different from that of 
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Figure 1.a:Desired behavior 

four-wheeled vehicles in that they travel at a cruise 
speed along a link until encountering queuing 
four-wheelers and then travel at a reduced (percola- 
tion) speed within the queue. According to him, a 
proportion of the motorcycles is able to percolate 
unrestricted, whilst others get blocked by other vehi- 
cles within the queue. This behavior is illustrated in 
Fig. 1 
The shock wave analysis was used to model traffic 
behavior at signals. The following mathematical re- 
lationships were derived using simple geometry to 
allow the calculation of four points in time, cut-off 
point 1 (COP I), cut-off point 2 (COP 2), cut-off 
point 3 (COP 3) and cut-off point 4 (COP 4). These 
cut-off points define time windows within the cycle. 
Motorcycles arrive in a time between COP 1 and 
COP 2 at a distance D downstream will be queuing 
at the signal line. Those who will arrive in a time 
between COP 2 and COP 3 will be percolating 
within the queue, while those who will arrive be- 
tween COP3 and COP4 will cruise. 

2.2 Based on the assumption of this behavior, the 
theory of shock wave analysis (Edie, 1974) and sim- 
ple geometry, a number of mathematical relation- 
ships have been derived. The relationships involve 
the calculation of four points which define time 
windows within a cycle. 

The four cut-off points are defined as COP 1; 
COP 2, COP 3 and COP 4 respectively in Figure 2. 

The derived relationships are as follows: 

(1) 
3 .60  

VC 
t ,  =- 

Figure 1 .b: Realistic behavior 

s, tr 
I, =- 

s, + vp 

f ,vp + v c ( I r  - t , ) -  3.60  

V C  

f ,  = (3 1 

(4) 

where: 

.SI= speed of stopping wave 

s2= speed of starting wave 

lip= average percolating speed of motorcycles 

v,= average cursing speed of motorcycles 

tr= effective red time 

- The total length of the queue Lqlte , can also shown 

to be 

Lque = 1 3.6(s2 s1s2tr -sl) I 
From shock-wave analysis the speeds of stop- 
ping wave s~ and speed of starting wave s2 can 
be expressed to be: 

Q s, = 
~- ' KJAM 
RS 

(7) 
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Fibwre 2: Time distance diagram showing cut-off points within 
cycle 

SA TFLO W 
s2 = 

KCAP - KJAM 

where: 

Q = vehicles (four-wheelers) flow rate, (vph) 

Iz/AM = jam density, (veNkm) 

SATFLOW = saturated flow rate,(vph) 

KCAP =density at capacity,(veNkm) 

Furthermore, if n 

Then it can be shown that: 

n 

nl 

= number of motorcycles arriving in a traffic 
cycle 
= number of motorcycles arriving in time 
between COP1 and COP2, at a distance d 
downstream which are likely to queue at the 
signal line 
= number of motorcycles arriving in time 
between COP2 and COP3, at a distance d 
downstream which are likely to percolate 
within the queue 
= number of motorcycles arriving in time 
between COP3 and COP4, at a distance d 
downstream which are likely to continue 
cruising 

n2 

n3 

Then it can be shown that: 

(9) 

Where: 
= cycle length (sec.) and other variables are as 

previously defined. 

For the above equations to hold, the following as- 
sumptions were made: 

8 

8 

the arrival rate of motorcycles is uniform. 
motorcyclists are free to achieve their desired 
behavior. 

In reality the last assumption does not hold, as 
only part of nl will be queuing at the front of the 
queue and the remaining part will be trapped in the 
queue. Similarly, only part of n2 will continue per- 
colating within the queue, whilst the remaining will 
be blocked in the queue. If we assume the proportion 
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of motorcycles' queuing at the front of queue is a, 
and the proportion of motorcycles percolating within 
the queue is a, then 

nl(mre) = a,', (12) 

where: 

n l ( t n r c )  
front of the queue 

lating within the queue 

= True number of motorcycles queuing at 

= True number of motorcycles perco- n,(,rue.) 

a , ,  a,  =Calibration factors 

Data collected from the city of Hanoi and from 
Bangkok was used to estimate the calibration factors 
a, anda, . Using simple statistics it was found that: 

2.3 Based on data collected from the cities of 
Hanoi (Vietnam) and Jakarta (Indonesia) it was 
found that the values of a, and a2 depend mainly on 
width of lanes, number of lanes, number of 
buses/trucks and lane usage. 

In addition, it was found that the best estimates of 
a, and a2 are: 

a, = 0.81-tO. 10 

a2= 0.84k0.07 

3 APPLICATION OF THE MODEL FOR AlR 
POLLUTION ANALYSIS 

3.1 In order to illustrate the applicability of the 
model, it was combined with a vehicular traffic 
emissions model (Akinyemi and Medani, 1999) to 
investigate the effects of the quantity and behavior 
of motorcycles on air pollution. The following sce- 
narios were analyzed: 

1. Increasing proportion of motorcycles in a con- 
gested vehicular -traffic stream. This is a sce- 
nario that exists in many developing cities such 
as Bangkok. 

2. Increasing proportion of motorcycles in a traffic 
stream congested with motorcycles. This sce- 
nario exists in developing cities such as Hanoi. 

3. Increasing proportion of motorcycles in a 
non-congested traffic stream. 

3.2 The results obtained for both two-stroke and 
four-stroke motorcycles are shown in Figures 3, 4, 5 ,  
6, 7 and 8. In addition, regression analysis of the re- 
sults showed that the data fitted well an exponential 
model in the form of 
Y = B,,.EXP(Bi X) 

where: 
y = pollutant concentration (g/m, 
X = proportion of motorcycles in traffic stream N 

BO, B, = regression constants 
The values of Bo, B, and the adjusted R- are 

shown in Table I and 2. 

4 DISCUSSIONS OF THE RESULTS 

4.1 As expected, the results indicate that the ef- 
fect of motorcycles on air pollution is dependent on 
the prevailing condition of traffic and the character- 
istics of the motorcycles. In addition, a detailed 
analysis of the results gives the following findings. 

4.2 Under congested vehicular traffic conditions, 
a 10% increase in the number of 2-stroke motorcy- 
cles is likely to result in an increase of 1-5% of CO, 
2-8% of SPM and 9-28% of HC pollutants concen- 
tration. A similar increase in the number of 4-stroke 
motorcycles is likely to result in an increase of 2-7% 
of CO, 0- 1 % of SPM and 1-8% of HC pollutant con- 
centration. These imply that under congested traffic 
conditions the effect of 2-stroke motorcycles on CO 
concentration is similar to that of 4-stroke motorcy- 
cles. They also reveal that 4-stroke motorcycles have 
less contribution to SPM as well as HC concentra- 
tion. The most significant adverse contribution to air 
quality under congested vehicular conditions is that 
of 2-stroke motorcycles on HC. 

4.3 The effect of increasing the number of motor- 
cycles on air pollution is much more significant un- 
der conditions in which traffic is already congested 
with motorcycles. In general, a 10% increase in the 
number of 2-stroke motorcycles is likely to result in 
an increase of 20-55% of CO, 3242% of SPM and 
73-160% of HC pollutant concentration. 

A similar increase of 4-stroke motorcycles is 
likely to result in an increase of 11-47% of CO, 
2-10% of SPM and 15-60% of HC concentration. 
Similar to scenario 1, the most significant adverse 
contribution to air quality is that of 2-stroke motor- 
cycles on HC. 

4.4 In non-congested traffic conditions, the effect 
of motorcycles is moderate as a 10% increase in the 
number of 2-stroke motorcycles is likely to result in 
an increase of 2-1 1% of CO, 3-1 5% of SPM and 
16-40% of HC pollutant concentration. Also, an in- 
crease of 4-stroke motorcycles is likely to result in 
an increase of 2-9% of CO, 0-2% of SPM and 
3-12% of HC pollutant concentration. Similar to 
scenarios I and 2, the most significant contribution 
to air quality is that of 2-stroke motorcycles on HC. 
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5 SUMMARY AND CONCLUSIONS with data collected from Jakarta and Hanoi. The 
model allows the estimation of the number of mo- 
torcycles, which are likely to queue at the signal 
line, percolate within the queue and cruise on inter- 
section approach sections. 

5 .1  A model that describes the maneuvering of 
motorcycles at signalized intersection approach sec- 
tions has been derived. The theoretical model is 
based on an assumed behavior of motorcyclists and 
on the shock-wave theory and has been calibrated 
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5.2 The results of an example application of the 
model for estimating motorcycles' contribution to 
exhaust emissions show that both 2 and 4-stroke 
motorcycles have a significant contribution to air 
pollution, especially in traffic streams which are al- 
ready congested with high proportion of motorcy- 
cles. However, 2-stroke motorcycles have a much 
higher contribution, especially for HC and SPM 
pollutants. 

5.3 The model can be used for the assessment of 
the effects of motorcycles in mixed traffic condi- 
tions. It can also be used for the development of 
management strategies for signalized intersections. 

5.4 Finally, the results of this research show that 
more attention needs to be paid to the adverse effects 
of motorcycles on air quality. They also show that 
factors such as overloading and different operating 
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modes of motorcycles which have effects on emis- 
sion rates and have not been investigated in this re- 
search, may be significant contributors to air pollu- 
tion in many cities. 
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ABSTRACT: Quality of life improvement, sustainable development and transportation are today main targets 
in european policies. In large cities, to improve the environmental quality of urban spaces, shifting, as much 
as possible, from the use of personal vehicles to the use of public transport, improving intermodality, also 
with non motorized travel modes, interchange points and pedestrian itineraries seem to be the keys to success. 
The “environmental island”, defined using a methodology of integrated design, becomes the occasion for 
urban upgrading: on one side traffic control, through traffic calming techniques, and enhancement of 
alternative transport modes, on the other side an intermediate spaces configuration, able to satisfy the users 
exigences on their whole, material and immaterial, and able to be globally perceived and to induce 
appropriate behaviours. 

&SUME: L’amklioration de la qualitk de la vie, le dkveloppement et les moyens de transport durables sont 
les grands objectives.de les politiques europtnnes d’aujourd’hui. Pour amkliorer la qualitk des espaces urbains 
dans les grandes villes, il faudrait remplacer, autant que possible, les moyens de transport privts par des 
moyens de transport public. Amkliorer I’intermodalitC en utilisant aussi des moyens non motoriskes, les 
noeuds de correspondance et les itinkraires piktonniers, semblent donc Etre la clk du succts. L’ ‘Ye de 
environnkment”, ainsi dkfinie, grace d une mkthodologie de planification integrkk est l’occasion d’une remise 
en valeur urbaine. D’un cotk avec le c6ntrole de la circulation par des tkchniques de “traffic calming”, la 
promotion des moyens de transport alternatifs, et de l’autre cot2 avec une configuration des espaces 
intermediaires en mesure de satisfaire le exigences gknkrales materielles et immaterielles des usagers et 
capable d’etre perGue globalement et de susciter des comportements appropriks. 

RESUMEN: Mejoramiento de la calidad de vida, desarrollo y medios de transporte sostenible son, 
actualmente, 10s objetivos mas importantes de la politica europea. En las grandes ciudades, el mejoramiento 
de la calidad de 10s espacios urbanos, se concentra, sobretodo, aumentando la utilizacion del transport0 
public0 en relacion al automovil privado, mejorando la intermodalidad, tambien con 10s medios no 
motorizados, puntos de intercambio y itinerarios peatonales parecen ser 10s puntos claves del suceso. La “Isla 
Ambiental”, definida utilizando una metodologia de diseiio integrado, representa una ocasibn para mejorar el 
ambiente urbano: por una parte el control del trafico a travCs de tecnicas de “traffic calming”, y el increment0 
de medios de transporte alternativos; por la otra parte configurando una serie de espacios intermedios con el 
fin de satisfacer las exigencias de 10s ususarios completamente, en sentido material e inmaterial, y en grado de 
ser percibidos globalmente e inducir a comportamientos apropiados. 

1 THE TOPIC ISSUES parking, to safety and security, to noise and air 
pollution, to physical and functional decay, and to 
the architectural and environmental quality lack, are 1.1 Urban upgrading 
common to all large urban areas, even if they differ 
under many aspects, and are particularly heavy in 

In european policies, quality of life improvement pericentral or peripherical residential districts; 
and sustainable urban development are nowadays thence the rehabilitation process must be 
two main goals; the rehabilitation of the urban characterized by a comprehensive and integrative 
structure seems to be the aptest procedure to achieve approach. 
them. Problems related to mobility, to traffic and 
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1.2 The role of urban mobility 2 THE RESEARCH GOAL 

Since mobility, as currently structured, plays one 
of the main roles in this urban environment de- 
qualification process, its reorganization, becomes a 
major social and political issue. The experiences 
already achieved within cities in various European 
Countries, take to set that this must be based on 
some fixed points: improvement of urban and 
suburban transportation and of intermodality, also 
with non motorized travel modes; reduction of 
personal vehicles use; promotion of collective and 
public transport use for the longest routes, and of 
non motorized travel modes for the shortest ones. 

The concomitance of such actions has manifold 
positive consequences; some direct ones, as traffic 
reduction and congestion fluidification, air and noise 
pollution decrease, accessibility and safety increase; 
and some indirect ones, as improvement of health 
conditions and decrease of traffic accidents for the 
most vulnerable users, and thence social costs 
reduction. 

Indeed for people living in large urban areas and 
spending a great length of time in everyday O D  
movements, travel conditions, for any kind of travel 
mode, walking included, become an essential factor 
to define their life quality. 

1.3 The role of public urban spaces 

The urban environment quality depends from a 
complex interlacing of functional, spatial, social and 
cultural aspects; in particular the quality of the 
intermediate spaces in the residential districts is 
tightly connected to the mobility and exchange 
possibilities. Walking is an integrant part of the 
european cultural tradition; in the past urban spaces 
were shaped according to such aim and, offering 
varied and comfortable walking and rest places, 
favoured social relations. In modern cities, mainly 
planned in order to meet vehicular mobility 
requirements, pedestrian mobility has been pushed 
to minor spaces that, lacking any safety, comfort and 
attractiveness, have lost completely their function of 
spaces for gathering and have become mere 
clearances of hurried passing. 

Since life quality thence is strictly related to the 
performances offered by public spaces, it is 
necessary not only to regain them controlling car 
mobility, but also to upgrade them. A good 
integration among all modes of transport, well 
organized interchange points, comfortable and 
attractive pedestrian itineraries seem to be the keys 
to success; their planning must be then made with a 
holistic approach. 

2.1 The european research 

The EC, in the IV Framework Program, has financed 
researches in order to identify and coordinate 
innovative strategies and measures to develop a 
sustainable urban mobility; some of these researches 
have been directed towards the promotion of travel 
modes that are alternative to personal cars traffic, 
and in particular to non motorized travel modes. 

The. V Framework Program maintains this goal in 
the key action “The city of tomorrow and cultural 
heritage”, drawing scenarios that integrate urban 
planning and sustainable mobility, with attention to 
energy and social aspects, for improving both the 
life and the urban environment quality. 

2.2 The national research 

The research in the field of Technology of 
Architecture has dealt since long with these topics, 
in particular the group I coordinate has faced them 
setting up analysis and planning methodologies, and 
experimental applications aimed at evaluating the 
potentialities inherent the promotion of pedestrian 
mobility as a way to upgrade residential districts in 
modern cities. Just in these days the italian Ministry 
of Scientific and Technological Research has funded 
a national research, for which the author is one of 
the responsibles: “Safety and quality in urban areas: 
strategies, tools and techniques to promote 
pedestrian mobility”. 

These short notes result from a research: “Urban 
rehabilitation and pedestrian mobility”, that has been 
carried out since 1996 by an interdisciplinary 
university group coordinated by the author, within 
the EC - COST Programme - Action C6: “Town and 
infrastructure planning for safety and urban quality 
for pedestrians”. 

2.3 The study articulation 

The study, run both at national and european level, 
in its first phase, has defined the state of the art 
regarding political and legislative, strategic and 
technical aspects, and best practices, about the topics 
related to safety, to mobility management, to 
infrastructure and intermediate spaces re-design, and 
about those related to urban quality, and so to its 
meaning and to the related requested performances. 

The second phase has dealt with case study 
applications in some cities of the 12 participating 
Countries; the third phase, still in progress, basing 
itself on the shared knowledges acquired in the two 
preceding phases, gives suggestions on what to 
deepen and on how to plan both urban environment 
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and mobility to enhance walking, making it safer, 
more attractive and easier. 

3 THE EXPERIMENTAL APPLICATION 

3.1 The integrated design 

The collaboration with Rome Town Municipality 
has allowed to run a pilot project; as case study, has 
been chosen a residential district in Rome, 
representative of the suburban areas typical negative 
features: Pietra Papa, at Viale Marconi (Fig. 1). 

The intervention proposal has taken advantage of 
the research results; thence, the elaboration has 
started from the assumption that, to re-create livable 
districts, is necessary to manage, in a synergetic 
way, the aspects related to the reorganization of 
mobility, and those related to the improvement of 
the intermediate spaces quality on its whole, 
individuating the relations between the specific 
techniques individually used for their planning. This 
holistic criterion has characterized the whole project; 
during the work various strategies and innovative 
tools, aimed at different objectives, have been used. 

3.2 People partecipation and consensus 

Change is never easily accepted; so it is necessary to 
consider not only its practical aspect, but also its 
cultural one; to reduce the level of resistance to it, it 
is necessary to let new cultural value ripen, to induce 
awareness and therefore consensus. In this district, 
this has not had enough time and possibility to 
happen yet; so some problems have arisen anyway at 
implementation local level. How to open the users- 
residents participation in the decision process in a 
positive, and not only demagogic way, remains a 
delicate aspect of the planning process. Trying to 
keep in consideration both the above mentioned 
aspects, it has been used a planning process that, on 
one side, using an anthropocentric methodology 

Figure 1. Negative effects of the vehicular presence in the 
school area of Pietra Papa District. 

focused on the requirements/performances meeting, 
involved the residents in the transformation process, 
and on the other side, creating a more appropriate 
urban environment, were able to foster the choice of 
new behaviours, alternative to the use of the 
personal car. 

3.3 High quality design 

If the upgrading process must be successful from the 
environmental, social and economical point of view, 
it is basic to obtain a product of high qualitative 
level; the use of an innovative integrated planning 
methodology, that defines appropriate and congruent 
criteria, codes, methods and techniques, lets reach a 
level of accuracy and detail in design apt to manage 
the complexity of the urban public spaces devoted to 
mobility and rest. 

3.4 The implementation 

Since the implementation aspects play a main role, 
the work has been based on the prescriptive concept 
of “Environmental Island”, as mentioned in the 
Italian Law on Urban Traffic Plans; the contents of 
this direction are in the lead: micro urban 
environments as a whole, which the pedestrian 
dimension is privileged in, practicable in areas, that 
are mainly residential, to manage urban mobility at 
local level. 

May be because its innovative purport has not 
been yet caught, or may be because it is not backed 
by proper implementation codes and techniques, it is 
not yet implemented in a diffusive way. In an 
english report, lately published, it is suggested the 
investigation of a similar approach, to face in a 
comprehensive way the rehabilitation of urban 
residential areas, naming it “Home Zones”. 

4 THE ENVIRONMENTAL ISLAND 

4.1 The innovative purport 

The study has thence tried to individuate which are 
the problems, the limits and the potentialities of the 
“Environmental Island”, applying the types of 
intervention it foresees or it adumbrates, widening in 
this case their purport; thank also to the indications 
given by the study run by arch. Maria Vittoria 
Corazza for her Doctoral Thesis, of which the author 
has been tutor, it has been possible to define guide 
lines for the implementation process (Fig. 2). 

The Environmental Island is thence interpreted 
and perceived as a chance for urban residential areas 
rehabilitation and, being aimed both at the required 
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urban space quality and mobility control, is defined 
and implemented with an integrated planning, that 
organizes and shapes, in a synergic and innovative 
way, continuous pedestrian networks and vehicular 
roads, with the aim of upgrading their performance 
levels for pedestrians. 

Figure 2. The “Environmental Island”: Gathering poles and 
vehicular and pedestrian mobility at “Pietra Papa” in Rome * 
* Proposal by Prof.arch. L.Martincigh, Work Coordinator. 
Working Group: Prof.arch.L.Martincigh, arch.s M.V.Corazza, 
A.Tosone. Collaborators: arch.s U.Bevilacqua, A.Marino, 
L.Feliciani. Consultants: Pr0f.s arch.s G.Boaga, F.Bianchi, 
ing.S.Gori; arch.s O.Santilli, P.Ferro, ing. S.Carrese, dr.R. 
Squarcia. Participants: arch.s F.Fabrizi, M.Canciani, ing.C. 
Napoleoni, L.Urbani, dr.C.Villani. 

4.2 The sustainable mobility 

On one side, through the traffic control, the relation 
between the vehicular and pedestrian andor cycling 
areas, and their size, have been rebalanced, with the 
aim to improve their accessibility and safety, and to 
reduce the air and noise pollution. 

To achieve safer and healthier outdoor pedestrian 
networks and spaces, it is important to eliminate the 
through traffic, to limit the speed at 30km/h, and 
thence to re-design the local road infrastructure 
using prescriptive rules and innovative traffic 
calming devices, since long already in use in other 
european Countries, such as gates, raised 
crosswalks, chockers, narrowed carriageways, 
chicanes, roundabouts etc. 

Also in the application of such techniques, the 
approach must be holistic; therefore all the involved 
aspects must be studied, as the road geometric 
characteristics, the building techniques, the 
materials, the colors, the lighting, the environmental 
setting and the sign system, so to decrease the 
driving speed and, at the same time, to increase the 
driver’s state of attention, thanks to the use of 

characterizing urban “signs”, that create stimulating 
visual images. 

4.3 The coexistence space 

On the other side, regarding the urban quality, it has 
been made a functional and environmental 
transformation of the city “ground” that, creating a 
plurality of events and of qualified spaces, heralding 
various different uses, fosters again the social and 
cultural relations and promotes the process of re- 
appropriation also from the most vulnerable users 
categories, which are the most conditioned ones by 
the outdoor urban spaces configuration; it has been 
hypothesized an itinerary mainly pedestrian, 
consisting of routes and rest places located in the 
reconquered spaces, that links facilities and 
residences, and that plays the role of connective 
tissue supporting some urban functions. 

Following to the most recent formulation of some 
european researches, it has been deepened the 
concept of “intermediate space” and, overcoming the 
concept of “pedestrian island”, nothing else but a 
new urban zoning, in favour of a life in common for 
vehicular and pedestrian mobility, it has been 
developed the concept of “coexistence space”. 

The rights of the pedestrian and those of the 
driver are studied at the same time, so to make them 
live together without disadvantaging only the 
pedestrian any more. 

Figure 3. The various paths classification: nuances of vehicular 
and pedestrian coexistence, besides “Islands”. 

In this sense it has been made a definition and 
classification of the pedestrian spaces in relation to 
the vehicular ones; in this way five categories of 
spaces have been identified, that allow, depending 
on their geometric and morphologic characteristics, 
and environmental performances, different way of 
using them (Fig. 3). 
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4.4 The methodology 

In the used planning methodology, two are the 
basic steps: the “a priori” analysis and the “a 
posteriori” validation. The opportunity of the 
informing principles, of the strategies and of the 
intervention criteria has been confirmed by the users 
exigential requirements come out of the 
investigations, analyses and “local” experiences; 
besides accessibility and fruibility, are reckoned to 
be fundamental and widely shared: safety from 
traffic accidents and of use, security, physical and 
psychological comfort, and “attractiveness” of the 
urban space, due both to its inner values and to the 
ones related to its perception. For these latter 
aspects, that cannot be easily quantified, it is 
advisable to integrate the current indexes, 
objectively measurable, with specifically 
individuated quality indicators (Fig. 4). 

The monitoring, subsequent to the intervention, 
allows to evaluate the effects induced by the re- 
design of the urban “voids”, by the improvement of 
safety and comfort, by the structuring of appropriate 
intermodal exchange points, and the impact on the 
reduction of the air and noise pollution, besides the 
effects on the maintenance. 

A district more answering to the people 
expectations arouses in the residents the feeling of 
belonging to the place, and awakens the civic proud 
that induces them to maintain it. This should make 
the Local Administrations think over the opportunity 
of facing the interventions considering their 
complete life cycle: programme, management, 
upkeep and funding. 

5.THE QUALITY OF THE URBAN SPACE 

5.1 The various techniques 

To fulfil1 the prefixed goals, the interventions have 
been aimed at making the pedestrian spaces not only 

usable but also desirable by the diversified users 
categories. Through the ergonomic configuration, 
have been defined the required activities, the related 
performances and equipments, to be grouped in 
single environmental units; the units themselves 
have been then located in the aptest spaces at 
disposal, already classified following the identified 
five space typologies, and depending on the 
performances actually offered (Fig. 5) .  

The configuration of such spaces has been 
designed to satisfy the different requirements; as for 
comfort, particular attention has been paid to the 
microclimate for locating the various activities in the 
intermediate spaces, and different strategies have 
been used to improve it in the different situations 
and seasons: besides appropriate green and water 
systems, also other types of vegetation and of 
“natural” elements have been inserted, both as 
acustic and polluted air filters, and for satisfyng a 
much felt lust of “green”. As for attractiveness, 
keeping in mind the visual perception of the users- 
pedestrians, and thence the meaning and the value 
given to the parts, the intermediate spaces have been 
re-designed, individuating as priority fields of 
intervention the basal parts of the built environment 
and the details, and using a set of “signs” apt to 
strenghten the place identity and to create a 
continuity with the traditions that are still 
meaningful. Also lighting has been studied from the 
pedestrian point of view, keeping in consideration 
both its capability of preventing traffic accidents and 
assaults, and the one of enhancing the values and 
hiding the faults of the environment. 
The chosen solutions are to be related to the various 
existing typologies of spaces, to the satisfaction of 
the performances required to the whole section of 
the space, but also to the desire to let people free of 
interpreting, and ideating, its possible uses (Fig. 6). 

Figure 4. The requirements meeting. 
Figure 5. Activities and Enviromental Units: their location in 
the intermediate spaces. 
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Pedestrian accepting gap in Jakarta 

Endang Widjajanti 
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ABSTRACT: Providing adequate facilities for pedestrian should be an important factor in deciding the 
location of highways, particularly for highways in urban areas. Special attention must be given to the 
provision of adequate pedestrian facilities in planning and designing urban highways. Road crossing behavior 
study is very important in the design of road crossing facility. This paper discussed about the distribution of 
pedestrians accepting gap in Jakarta, Indonesia. The results of study give the value of threshold gap for the 
33.32 km/hour t r f l ic  in Jakarta is 25 meter, and there is a significant relationship between the pedestrians 
accepting gap and the speed of anticipated car 

1 INTRODUCTION 

Providing adequate facilities for pedestrian should 
be an important factor in deciding the location of 
highways, particularly for highways in urban areas. 
Special attention must be given to the provision of 
adequate pedestrian facilities in planning and 
designing urban highways. 

Planning for pedestrian ways should consider all 
aspects of the pedestrian’s environment. This 
environment includes elements such as vehicles, 
buildings, streets, curbs, sidewalks, overpasses, 
underpasses, signs, signals, street furniture, trees, 
noise, air, odor, the elements of weather and other 
people. Pedestrian characteristics relevant to traffic 
and highway engineering practice include those of 
the driver characteristics. The characteristics consist 
of visual, hearing and walking characteristics. 

Road crossing behavior study is very important in 
the design of road crossing facility. Pedestrian 
habits while crossing roadways, which called gap 
acceptance of pedestrian, should be studied to know 
the road-crossing behavior. 

2 OBJECTIVES 

The objectives of the study are as follows: 
1. To know the gap acceptance of pedestrians from 

car before crossing 

2. To know the relationship between pedestrians 
gap acceptance and the speed of car in front of 
pedestrians 

3 SCOPE OF STUDY 

The study is conducted under the following 
conditions : 
1. Single crossing 
2. The pedestrians is not running while crossing 
3. Unsignalized crossing in two lane one way road 

4 PEDESTRIAN WALKING RATES 

Walking rates are reported by Sleight from several 
studies where the average adult and elderly moved at 
approximately 4.5 feet per sec (1.4 m per sec). 
Children moved more rapidly at approximately 5.3 R 
per sec (1.6 m per sec). Study by Widjajanti,E 
(1995) reported that the average speed of workers in 
Central Jakarta is 74.7 d m i n  (1.245 m per sec). 

5 PEDESTRIAN GAP ACCEPTANCE 

Pedestrian habits while crossing roadways have been 
studied and reported by Jacobs in which the so- 
called Threshold gap (defined as the gap accepted by 
50 percent of pedestrians) for 20 mph (32.186 kph) 
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traffic is 84 R (25.6 m). The distribution of gaps is 
shown in Figure 1. 

A video recorder was used to record the situation at 
the observation site. 
The following data were measured from the 
recording: 
1. The time when the pedestrian begin to cross the 

street (at point A) : ta 
2. The time of the car which pedestrian anticipated 

in reaches the point of crossing (point A) : tb 
3. The time of the car reach the first line of 

observation (point C) : tc 
4. The time of the car reach the end of observation 

line (point D) : td 
Layout of the observation site is shown on Figure 2. 

Figure 1. Percentage of Pedestrian Accepting Gap 

A study of actual gaps in the traffic stream will 
enable the determination of adequacy of existing 
control measures, or the necessity of initiating 
control at an uncontrolled location. The actual delay 
for pedestrians is also useh1 value in analyzing the 
control situation. At unsignalized locations, 
measuring gaps in the traffic stream, and considering 
the percentage of time during which a gap is 
available may estimate this. 

6 DATA COLLECTION 

The criteria of study location are as follows : 
1. Two lanes one way road (2/1) 
2. As a link, not intersection 
3. Has low side friction 
4. Has many pedestrian crossing (1 00- 1250 

Pedestriandhour ’) 
5. The segment of road has a normal urban road 

average speed (’ 40 kdhour) 
6. TraMic volume in the range of 2000-5000 

vehicle/hour ’) 
There are three locations meet those criteria as 
shown on Table 1. 

Table 1. Location of Study 
Nanie of street Volume of Traffic Flow 

pedestrian crossing (vehclehour) 
(pedestriandhow) 

Kalibata 142 2850 
Lenteng Agung 109 2880 

Data requirements for the study are as follows: 
I .  The gap between the crossing pedestrians and 

the car which pedestrians anticipated in. 
2. Speed of the car which pedestrians anticipated 

4 

OD __i OCc 
A 

<-.- 
.+ ----> 50 meters 

25 meters 

Figure 2. Layout of observation sites 

where 
Car Speed = 50/(td-tc) * 3.6 in kdhour  
Time Gap = (tb-ta) in second 

(1) 
(2) 

Distance Gap: (50/(td-tc)) *(tb-ta) in meter ( 3 )  

7 TESTINGOF VARIANCES 

Computing the “F” ratio as follows tests the 
homogeneity of variances: 

SI2 

s*2 
(4) F = _ _ _ _ _  

where s12 = the larger variance; s: = the smaller 
variance 

The computed value of F is then compared with 
the critical value obtained from tables. If the 
computed (test) value is less than the critical (table) 
value, the variances are accepted as homogenous 

The variability of the speed measurements in the 
two studies, which is characterized as the standard 
deviation of the difference of the means and can be 
calculated as: 

s = !( s12/nl) + ( s:/nz) ( 5 )  
where s = standard deviation of the difference of the 
mean; s1,nl = standard deviation and the number of 
observations in study 1; s2,n2 = standard deviation 
and the number of observations in study 2 

in. 
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The difference between means of samples (A) 
taken from the same population due to chance only 
would be expected to be within 2 1s , 2 2s and f 3s 
in 68.26, 95.46 and 99.73 percent of the cases. 

The results of data compilation for speed of 
anticipated car are shown on Table 2. 

A 
2s 
F 
F table 

Table 2. Average Speed of Anticipated Car 
Speed of car Lenteng Agung Kalibata 
Mean (km/hr) 34.83 32.46 
Standard deviation 14.08 12.49 
No. of sample 119 206 

2.366 
3.114 
1.269 
1.302 

The results of the Homogeneity of Variances and 
Significant Differences between Variances Tests are 
shown on Table 3. This table shows that the data got 
from two locations are homogeneous and there are 
no significant differences between variances tests. 

I %accepting I Equation 1 r 

8 GAP ACCEPTANCE 

gap 
15 
50 

The average speed of the all speed data is 33.32 
kdhour .  The distribution of gap acceptance for the 
33.32 kdhour  traffic in Jakarta is shown in Figure 
3 .  From this figure, the threshold gap (gap accepted 
by 50 percent pedestrians) could be computed, that 
is 25 meters. 

Comparing with the previous study by Jacobs 
(1968), pedestrians in Jakarta look have similar gap 
acceptance in the similar traffic condition. 

y= 1.1 156x+3.679 1 0.9746 
y=0.6865x+3.0125 0.9587 

Figure 3. Percentage of Pedestrian Accepting Gap in Jakarta 

9 PEDESTRIANS GAP-SPEED OF CAR 
RELATIONSHIP 

The class interval of the car speed computed 
according to Sturges equation (19..) is 5 kdhour .  
The percentage (15 %, 50 %, 85%, and 100%) of 
pedestrians accepting gap are determined after all 
the speed data had been grouped into this speed 
range. 

The values of pedestrians accepting gap for each 
speed range indicated that there is a significant 
relationship between pedestrians accepting gap and 
car speed. The increasing of car speed in the traffic 
flow will result increasing of pedestrians accepting 
gap. 

Significance of the relationship indicated by the 
coefficient of correlation (r2) value. Relationship 
between pedestrians accepting gap (y) and speed of 
car (x) for each percentage are shown in Table 4. 

Table 4. Relationship Between Pedestrians Accepting Gap 01) 

85 I y=0.4982x+0.8519 I 0.9567 
100 I v=0.1591x+13.827 I 0.7844 

Pedestrians accepting gap for each speed range 
computed based on the equation above is shown in 
Table 5 .  

Table 5. Pedestrians Accepting Gap 
Car Speed 

Range 
Pedestrians accepting gap (meter) 

(km/h;ur) % accepting gap 
15% 50% 85% 100% 

14.1-19 11.85 20.56 32.72 36.08 
19.1-24 16.22 27.54 42.32 60.73 
24.1-29 20.59 34.53 51.92 85.38 
29.1-34 24.95 41.51 61.52 110.03 
34.1-39 29.32 48.49 71.12 134.68 
39.1-44 33.69 55.47 80.72 159.33 
44.1-49 38.06 62.46 90.32 183.98 

10 

1. 

2. 

CONCLUSIONS 

The value of threshold gap for the 33.32 kdhour  
traffic in of Jakarta is 25 meter. Comparing with 
the previous study by Jacobs (1 968), pedestrians 
in Jakarta look have similar gap acceptance in 
the similar traffic condition. 
There is a significant relationship between the 
pedestrians accepting gap and the speed of the 
anticipated car. 
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ABSTRACT : Now a days a point of discussion in developing countries is that whether the 
slow moving vehicles, also know as non-motorised vehicles have any future. The answer is 
certainly positive. To verify this some studies were conducted in different parts of the World. 
This paper presents the conclusions of some of those studies and stresses the need of non- 
111 o t o r i se d transport . 

1.  INTRODUCTION 

1.1 General 

Man has relied on only animal drawn 
vehicles for centuries. I t  was in the 19"' 
century, when nian started using the auto- 
engines for transport purpose on fair 
weather roads. Since then, the scenario is 
changing fast and the niotorised vehicles 
are replacing iiiore and more the non- 
motorised vehicles on roads. But in 
developing countries like India, the 
transportation is still typical example of 
mixed traffic comprising fast moving 
motorised vehicles like buses, cars, mini- 
buses, motor cycles, tractors and animal 
drawn vehicles like bullock carts, horse 
carts and camel carts, all sharing the same 
road space without any segregation. The 
trips 011 foot and bicycles also prevail. It is 
true in case of trips from suburban areas. 

1.2 Signification of Non-Motorised 
Tr an s p o r t 

Transporiation Problems in general can be 
simply characterised by the dissatisfaction 
of the traveller everywhere. This is so 
despite enornious expenditure incurred on 
various i 11 Gas t ruc t ure 
facilities. The policies adopted are often 
criticized, as they do not provide equity to 
a1 sections of the society. The economic 
and social efficiency of a city or region is 
strictly dependent on how everyone makes 
use of the transport system. Though the 
nature of problem can be quite different, 
both developing and developed world are 
plagued with numerous critical issues 
related to the repetitive daily travel. 
Congestion, delay, accident and pollution 
are the by-products of modern 
transportation systems, and spiraling 
investments of richer economies for 

transport at i o 11 
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increasing roadway capacity could not 
satisfy all in the society and 
proved to be a black-hole theory of 
transport development. 'The spatial 
organisation of the society may have to be 
altered to fil l  the gaps in the prevailing 
traiisport supply (transport modes and 
network) arrangements. I n  this context the 
role of Non-Motorised Transport (NTM) 
will be significant and its proiiiise is 
already know from tlie experiences around 
the wo r 1 d. B as i c a 1 1 y those transport at i on 
strategies will be sustained in the 
foreseeable future, which meet the basic 
mobility needs for all without destruction 
of the resource base. 

In developing countries majority of people 
rely on NMT, often supplemented by 
public transport and intermediate public 
transport (IPT). The inadequate and 
inefficient public transport affects more 
people in  developing countries than the 
traffic congestion and limited parking 
supply. Even tlie cheap public transport 
cannot be afforded by large section of the 
population. The various forces which 
determine tlie degree of use of different 
motorised and non-motorised modes of 
transport at i o n are invest men t , subsidy , tax 
and tariff policy, infrastructure planning 
and design, regulatory actions, topography, 
climate culture and habits, income levels, 
and land use pattern which evolve from 
long term policies. Transport planning has 
been more biased towards motorised 
inodes and offered policy options for high 
i 11 vest in  e i i  t s. non- mo t o r i sed 
low-cost modes like walk, bicycle, 
ricltshaw, cart, boat, etc. ; have generally 
been ignored and discarded without 
studying their relevance in their reievaiice 
in tlie particular context. 

Tr ad i t i o n a1 

2. TRIP CHARACTERISTICS OF NON- 
MOTORISED TRANSPORT 

2.1 Study in Suburban Areas 

Ghaziabad district is situated adjacent to 
Delhi, the capital of India. A survey (1) 
was conducted in suburban areas of various 
towns in Ghaziabad district. The sample 
size is as given below : 

Total Subdivisions 5 
Total Families 

Total Persons 4255 
71 1 

The users were asked to give their trip 
frequency, trip mode, tripe length etc. A 
mode choice distribution of the persons 
interviewed in this area is given in Table-I . 
The results show that 45.1 % persons are 
using motorised transport to reach the 
city/towns for their work trips. On the 
other hand, 37.5 % persons still prefer to 
use the non-motorised transport. The 
remaining 17.4 % persons reach their 
destination on foot in  these suburban areas. 
Although, this study does not separate out 
transit captive and choice riders, but gives 
a clear picture of nonmotorised transport 
which is still having a good share of 
preference. 

In another study (2) of suburban areas near 
Jaipur (India), it was found that 24 % of 
the trips are made by bicycles only, to 
reach their destination and vice-versa. The 
various reasons for adopting the bicycle as 
a mode for reaching the work place include 
health cons i d era t i on , i ne x pen s i ven e s s , and 
sometimes the only available alternate. 
This result was based on the interview of 
427 families. The preference to bicycles in 
particular and other non-motorised mode 
i.e. horse cart, camel cart etc., in general, 
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was more profound in case of shorter tra\iel 
dis taxes .  

2.2 Study of University Students 

A survey (3) of the staff and student at the 
Townsville campus of Jaines Cook 
University was conducted in march 1996 
with a view to assess their attitude towards 
the bicycle mode and identifying 
liiiiitatioiis in tlie mode and network 
characteristics. The respondents were 
classified into three groups based on the 
extent of bicycle. The bike-user group 
includes respondents whose usual mode of 
transport is bicycle. This group uses 
bicycle as the iioriiial mode for travel to 
and froin tlie Uiiiversity as well as some 
trip purposes. A substantial number of 
re s p o lid e n t s form tlie no n - b i ke -use r group. 
These people do not use bicycle at all. The 
final group comprises those respondents 
who use bicycle some of the time for some 
purposes. They may use bicycle to go to 
work 011 some days or they may ride for 
recreation or other purposes. This group is 
designated as casual bike-user group. 
Percentage of respondents for these three 
groups was 26.6 %, 45.1 % and 28.3 % 
respectively . 

Of all responses, 443 were valid responses 
in respect of the suburb of residence. The 
respondents had stated widely different 
distances to the University froin the same 
suburb. This was modulated by using the 
average distance from any suburb to tlie 
university. For the purpose of analysis, 
the suburbs were classified into five groups 
according to tlie average distance in 
iiicreinents of five kilonieters. The overall 
distribution of respondents with respect to 
the distance from the University is shown 

in Table-2. In comparing the three groups 
on the basis of proximity (14.2 %) 
coiiipared to all respondents (9.5 Yo). Bike- 
Users had a significant sinaller proportion 
living over 15 kin from the University (3.3 
%) coiiipared to lion-users (1 5.4 %) and all 
respondents (1  1.5 Yo). 

Non-bike user and casual bike-user 
groups are similar in socio-economic 
characteristics and are contrasted from 
the bike-user groups in gender 
part i c i patio n , i nco me, proportion o f 
staff, aiid car ownership. The bike-user 
group comprises inore males, students, 
younger age group, lower iiicome and 
with lower car availability. It was found 
that casual bike-users traveled an 
average of 40 kin per week by bike 
which could be for a few work trips 
during the week, for recreation and 
pleasure, or other purposes. On an 
average, a bike user traveled 88 km per 
week for works trips. This ranged from 
a low of 42 kiii per week for 
respondents living in close proximity (< 
5 km)to a high of 154 kin per week for 
those living 15-20 kin away. The total 
distance traveled by bicycle for all 
respondents was 109 kni per week with 
a range of an average of 55 kni to 183 
km per week depending on the proxility 
to University. A direct correlation exists 
between proximity to University and the 
amount of travel undertaken. About 40 
km of travel per week is added for every 
5 km increase in distance to home. 
Some of the salient observations 
regarding mode choice are given 
below : 
Non-bike users with sole access to car 
use the car (solo and sharing) for almost 
all of their travel. 

D 
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Q Over half of the non-bike users withou; 
sole access to a car travel i n  car as a 
s 11 ar i ng passenger . 
It is surprising to note that some 
respondents without sole access to car 
also travel by car as solo drivers. 
As expected, the use of non-car modes 

is several times higher for those without 
access to a car owning group, although 
the patronage of non-car modes is not 
high in absolute terms. 
Casual bike-users combine bike travel 

with car and other modes which is 
independent of car availability. 

A similar small study (4) was conducted 
for the students of University of Roorkee 
(UOR). UOR is a residential University 
and all the students reside in the hostels 
only. The planning of hostels has been 
done in such a manner that the students 
need not to travel more than 1.5 k m  for any 
trip including education & recreation, and 
the average trip length is 1 kin. About 200 
students were interviewed regarding their 
vehicle ownership. The results show only 5 
% students have motorised vehicle i.e ; 
scooter or motor cycle, 40 % students have 
bicycle and remaining 5 5  % students do 
not have any vehicle. The main reason for 
not having the motorised vehicle and 
preferring bicycle was found to be (( Not 
Required for Shorter Distances )). The 
other reasons include health, 
inexpensiveness of bicycle, easy to handle 
and noise free in  educational environment 
etc. 

2.3 Bicycle Network in Developed 
Co un t r i es . 

In 1992, the Victorian State Bicycle 
Committee devised a principal Bicycle 

Network ( 5 )  for Melbourne, Australia. The 
network consisted of 1,  000 km of paths 
and 2, 000 k m  of on road lanes. All these 
routes are intended to link up so that 
people can travel safely and conveniently 
by bicycle to any place in the metropolis. 
As the mean distance covered on a bicycle 
trip is 3 km, it is essential that a cyclist 
should not have to travel far from any 
starting point to reach the network. It  may 
seem difficult to create designated space 
for cycling when every metre of road width 
is being exploited to squeeze in additional 
travel lanes or parking space. Bicycle 
Victoria’s analysis of more than 400 km of 
main roads in Melbourne shows that it can 
be done by either shifting space, trading 
space or providing alternative space. The 
starting point is to define the requirements 
of the interested parties. 

BENEFITS FROM NON- 
MOTORISED TRANSPORT 

Social cost of congestion is the 
additional travel time, vehicle operating 
cost, stress anf pollution. Thus, by a 
shift to non-inotorised modes for 
passenger and goods may have 
subs t an t i a1 savings. 
Walking, bicycling and other NMT 
modes virtually create no pollution. In 
fact replacement of shoi-t trips by motor 
vehicles, particularly two wheelers 
which have highest pollution rate will 
have dramatic effect on ambient air 
quality and noise levels. 
User cost savings is normally accounted 
in benefits in  transportation 
improvements. A 1 though operating 
speed is slower (higher travel time) for 
NMVs the door to door travel times are 
comparable to motor vehicles. 
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Moreover, the overall savings in user 
cost make NMVs attractive. 
Parking is a major cost for motor 
vehicle use, and also a major subsidy to 
driving public. Savings through parking 
cost and facility creation for NMVs can 
be huge. 
Through NMVs there is total saving of 
energy. It  is even more when short trips 
are subsisted as the internal combustion 
engines are least efficient for cold starts. 
Road Maintenance is a function of 
vehicle weight. Thus the road and its 
appurtenances are never damaged by 
Nh4Vs, even i n  case of collision. 

FUTURE OF NON-MOTORISED 
TRAN S P 0 RT 

Undoubtedly, the non-motorised transport 
in the most environineiit friendly mode of 
transport. Nonetheless, this has been 
ignored for very long time in  the main 
stream transport p 1 an n i n g . Ex pe r i e n c e o f 
Asian cities with NMT shows it to be a 
d e s i ra b 1 e c o i n  p 1 eine n t to i n  o t o r i s ed i n  o d e s. 
Therefore, explicit policy support is 
required to preserve and expand their 
potential role in tlie form of Non- 
Motorised Transport Strategy at local, 
urban, region and country level. NMTS 
should be continuous effort in synthesising 
the availability and use of NMT reflecting 
income, cost, trip length and other factors 
so that its development can be integrated in 
over a1 1 tram po I- t s y s t eiii p lanii in g . 

5 .  CONCLUSIONS 

Non-Motorised vehicles can bridge tlie gap 
between walking and motorised transport. 
NMT is economical for both user 
facilitator, 2s well as it can serve as an 

Table 1 
Mode Choice Distribution of the Users of 
Suburban Areas. 

I I ITOTAL I 953 I 

alternative for solving tlie problem of 
urban mobility. It  is high tinie that planners 
in developing countries should accept theni 
as part of formal transport planning. At the 
same time, the community has to be 
educated for their efficient use. 
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Planning for low cost transport modes in urban India 

T. S. Reddy, S.Gangopadhyay & E! Parida 
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ABSTRACT : In India more than three hundred million people live in urban centres. The demand for travel is 
rapidly growing with the increasing size of cities and rising socio-economic levels of the urban residents. All 
most all the cities are dependent on road based transport systems consisting of buses, cars, motorised two 
wheelers, autorickshaws, taxis, cycles, cycle rickshaws. In the absence of well thought out policies for 
development of urban transport the transport modes are growing haphazardly and are in conflict with each 
other. This situation has resulted in growing traffic congestion and concomitant environmental pollution and 
traffic accidents in the cities. Therefore there is a need to critically appreciate the urban transport problems and 
issues with a view to evolve plausible planning options for a sustainable urban transport in India. This paper 
describes the existing situation and problems of urban transport in India in general and attempt to appreciate the 
imminent role and issues of low cost modes (LCM) along with suggestions for improved operations. 

1. INTRODUCTION 

The urban population in India has grown from 25 
millions (1 90 1) to 2 17 millions (1 99 1). As of today 
an estimated population of over 300 millions live in 
urban India. More than two-thirds of this urban 
population live in class-I cities (population hundred 
thousand and more). Again the population of class-I 
cities is skew distributed with about thirty cities 
accounting for nearly 50 percent of the class-I city 
population. These trends and features of 
urbanisation are expected to continue in the future, 
as the policies of development in rural areas are 
found to be ineffective. The expanding cities and 
growing socio-economic levels of urban residents 
have resulted in increasing travel demands. In 
majority of the cities the travel demands have 
increased by two to three folds in the last two 
decades. The development of transport 
infrastructure has not kept pace with the growing 
needs. This has resulted in high levels of traffic 
congestion, overcrowding of public transport buses, 
high incidence of accidents and environmental 
pollutions. The growing gap between the demand 
and supply of public mass transport system has 
culminated in the rapid growth of private vehicles 
ownership and rising numbers of low cost 
intermediate public modes of transport. Besides 

this, owing to low income levels, sizeable 
proportion (30%) of the urban population can not 
afford to have access to mechanised modes of travel 
in Indian cities. Considering the existing situation 
as well as hture  scenario there is a definite need to 
have a rational approach to plan for efficient and 
safe movement of low cost modes of transport in 
urban India. 

2. GROWTH IN VEHICLE POPULATION 

The growth of registered motor vehicles in India is 
quite phenomenal. Motor vehicles have increased 
from around 0.3 million in 1951 to around 40 
million in 1998. The current trends indicate an 
annual increase of 10 percent in the motor vehicles. 
The number of vehicles and their growth in the 
country is presented in Table 1. Nearly 70 percent 
of these vehicles are located in urban areas. 
Growth of motor vehicles in metro cities has been 
alarming. Vehicle related pollutions have crossed 
the acceptable limits. The average level of vehicle 
ownership in the metropolitan cities of India comes 
to 0.1 per person. Delhi, the capital of India tops 
with 0.2 vehicles per person. In the last three 
decades the motor vehicle population has grown by 
100 times while the road length has grown by only 
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Table 1. Vehicle Population - Future Trends 

Modeof 1985 1990 1995 2000' 

Rtises 209650 278075 388856 545567 

Cars, Jeeps, 1462100 191 1187 2514069 3314054 

..&%?92 l__llllll__-llllll--_ll_l_lll__--l_lllll------- 

Taxi 

2 Wheelers 4870850 9610959 17559629 34637500 

3 Wheelers 242841 465026 892904 1717821 
(Auto Rick) 

Trucks 773450 1084804 1521493 2133972 

Total 7558891 13350051 22873951 42358914 
* Projected 

Source : CIRT, Pune 

10 times. This situation becomes dreadhl when the 
growth in urban vehicle population and 
corresponding road lengths are considered in 
conjunction. This is evidenced in the form of 
Traffic Congestion, Environmental Pollution, 
Traffic Hazards and Parking Problems. 

2. I Traffic congestion 

Traffic congestion may be described as the situation 
that arises when the transport networks are loaded 
with traffic more than its economic capacity. The 
level of traffic congestion on the urban transport 
networks is found to vary with time of the day, the 
maximum being during the peak hours when 
journeys to and work places occur. Besides causing 
irritation, delay and environmental pollution, 
congestion is responsible for enhanced out of 
pocket expenses and consequent economic losses. 
The lowering of vehicular speeds due to traffic 
congestion directly affect the vehicle operating 
costs (VOC). Depending upon vehicle type VOC is 
found to vary from 1.2 to 2.8 times with the fall of 
speeds from 40 kmph to 10 kmph. 

In Urban India the mix of slow and fast 
moving modes is one of the prime reasons for 
traffic congestion. The difference in operating 
speeds of motor vehicles and non-motorised modes 
is responsible for a number of other problems. 
Figure 1 shows a typical scene of mixed traffic on 
city roads in India. 

2.2 Environmental Problems 

The heavy volumes of mixed traffic with 
predominant share of motorised vehicles on the 
metropolitan city roads are responsible for 

Figure 1 

Figure 2 

environmental degradation resulting from noise and 
air pollutions. The observed noise levels along 
major arterials in Delhi, Bangalore and Mumbai are 
found to range between 80-90 dBA. These levels 
are much above the permissible limits. The 
pollution load due to vehicular exhausts in Delhi 
and other major cities is reported to be more than 
1300 tonnes per day (TPD). The environmental 
pollutions due to vehicular traffic are of particular 
concern as they result in many health problems to 
the urban dwellers. 

2.3 Deteriorating Road Safety 

In India around 70,000 persons are killed in road 
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accidents annually. Nearly 15 percent of these 
deaths occur on urban roads. The situation is 
particularly alarming in Delhi, the national capital 
of India. About 2000 persons die annually on Delhi 
roads. More than 50 percent of these deaths are 
constituted by pedestrians and cyclists. The vehicles 
causing maximum fatal accidents in urban areas are 
the buses and heavy goods vehicles. The reasons for 
high incidence of accidents are multifold and 
multifaceted. The mixed operation of fast and LCM 
is one of the major reasons for this high rates of 
accidents. Figure 2 shows a scene of accident 
involving a cyclist. 

City 

2.4 Fuel Consumption 

Year Fast Moving Bicycle 
Bus I Private 

Consumption of petroleum products registered an 
average annual growth rate of 8.5% during the last 
three decades in India. Transport sector is the 
largest consumer of petroleum products (3 1 %). 
Transport, based on Petroleum fuel, has been a 
strain on the Indian economy. The demand for 
petroleum fuel for the year 2000 AD is estimated at 
20 million tonnes. The foreign exchange 
requirement to procure this huge amount of fuel 
would affect the development programmes in all 
other sectors. Therefore it is imperative for a 
developing country like India to search for 
alternative modes of transport that are less energy 
intensive and employ alternative fuels and be 
sustainable in the long run. 

Surat 
Bangalore 

3.  TRAVEL DEMAND 

1989 10.00 54.00 36.00 
1965 38.23 29.47 32.30 

Travel demand has increased in all the cities. For 
example in Delhi per capita trip rates have 
increased from 0.42 in 1970 to 1.0 in 1990. 
Similarly the per capita trip rates in Mumbai have 
also increased more than two fold. The travel needs 
are met in Indian cities by employing different 
modes of travel like private automobiles, public and 
intermediate public transport and slow moving 
vehicles. The modal shares of the travel vary from 
city to city mainly with the size. Table 2 presents 
the modal shares in a few selected cities of India. 
From the table it can be seen that proportion of trips 
by non-motorised low cost modes vary from 15 
percent to 40 percent amongst various cities. It can 
also be seen that with increase in size (population) 
the share of fast mechanical modes increases. 
However the quantum of trips by the slow modes is 
very large and need proper consideration in 
planning. It is also to be noted that slow moving 
vehicles can not be eliminated from. Indian cities as 

Table 2 : Modal Share of Trips in Selected Cities 

Delhi 1 1992 1 6200  I 1800  1 2000* 
Jaimr I 1998 I 36 10 I 43 10 I 20 20 

I .  I 

* includes cycle rickshaws 
Source : CRRI, New Delhi 

long as the sizeable portion of population belong to 
low income groups. 

4. LOW COST TRANSPORT MODES - 

ISSUES 

As indicated earlier the continuation and growth of 
low cost modes basically cycles and cycle 
rickshaws is likely to persist in the future. The 
animal drawn carts are dwindling down and they 
are being replaced by more cycle rickshaws and 
auto-rickshaws. To understand the needs of 
planning for these modes it is necessary to have a 
detailed features of the trips made by these modes. 
In the following sections attempts are made to 
describe these features. 

4.1 Purpose of Travel 

The purpose for which the slow moving low cost 
modes are used was analysed for a few cities. 
Table-3 indicates the break up of purpose wise trips 
in a few selected cities. 
From the table it can be seen that in bigger cities the 
slow moving low cost modes are used basically for 
essential trips like work and education. It is also 
seen work trips are very predominant in each of the 
cities excepting Nagpur. The higher percentage of 
education trips by cycles reflects the dominance of 
colleges and educational institutions. From this it 

Table 3 : Purposewise dustribution cycle trips in 
selected cities. 

Year Population Work Education Others 
Million 

1965 

1998 
1988 
1994 I 1.8 I 62.0 I 32.5 I 5.5 
1981 I 5.7 I 86.3 I 12.7 I 1.0 
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can be inferred that the low cost slow moving 
vehicles will be moving simultaneously with fast 
moving vehicles during peak hours. 

in road accidents. Majority of the accidents are 
expected to occur when the lane charging takes 
place while using the common carriageway. 

4.2 Modal Shaves 
5.  PLANNING STRATEGIES 

The modal share of slow moving vehicles vary with 
size of the city and the socio-economic 
characteristics of the resident population. From 
table-3 it can be seen since 1965 cycles remained a 
significant mode of transportation (20-3 5 percent) 
in the metropolitan cities. In cities like Delhi, 
Bangalore and Jaipur where per capita trip rates are 
about 1.0 the quantum of cycle trips shall be very 
huge in number and they shall be highly 
concentrated in the peak hours of the morning as 
well as in the evening. Besides the cycles, cycle- 
rickshaws are becoming popular mode for short 
trips upto 2 to 3 kms, to access the mass transport 
systems as well as other service centres like 
hospitals, shops and schools. Therefore these modes 
cannot be ignored in attempting any planning 
exercise of urban transportation. 

4.3 Trip Lengths 

An analysis of the trip lengths made by cycles and 
cycle rickshaws are shown in figure 3. From the 
figure it can be seen that the average trip length of 
cycles remain in the range of 3 to 5 kms. This could 
be a permanent feature of the cycle trips and may be 
taken as a basis in planning for the LCMs. 

4.4 7rafliic Safely 

The safety of LCM operation is greatly affected by 
the mixed operations. In the absence of segregated 
tracks or carriageways the LCMs are forced to 
operate along with fast moving vehicles of different 
kinds. Road accident statistics indicate that cyclists 
are very vulnerable for accidents. In Delhi they 
constitute the third largest numbers of people killed 

Fig.3. CUMULATIVE FREQUENCY DISTRIBUTIONOF CYCLE 
TRIP LENGTHS IN SELECTED CITIES OF INDIA 

In the foregoing section it is illustrated that the 
LCMs are carrying a considerable share of 
passenger trips in urban centres of India. This 
situation is going to continue and as such there is an 
imminent need to consider planning strategies to 
enhance the efficiency and safety of the operations 
of these vehicles. 

5. I Segregated Trafliic Lanes 

In cities where cycle traffic exceeds 20 percent of 
the traffic flows segregated traffic lanes be evolved 
from amongst the available carriageways along the 
major routes. This situation normally arises in 
smaller and medium size cities with population 
ranging from three to ten hundred thousands. In 
other cities where the LCM traffic has to move 
along the major corridors they should be provided 
totally segregated tracks along the corridors. 

5.2 LCM Network 

In bigger cities the LCM traffic is less in 
proportion but sizable in absolute numbers. This 
situation calls for developing on all together 
separate network of LCM tracks to serve the needs 
of this traffic. Since LCMs are light in weight the 
structural designs of pavements can be different and 
less expensive. Since the speeds of LCM are low 
the geometric standards are also going to be 
considerably low when compared to normal road 
network. The crossings of LCM network and other 
traffic roads could be controlled either by signal or 
grade separated to exclude conflicts. Where the 
conditions permit the LCM be treated along with 
pedestrian traffic. 

5.3 Crossings and Junctions 

Maximum number of accidents involving LCMs are 
found to occur at or near the road crossings or 
junctions. Therefore movement of LCMs has to be 
given special consideration at the junctions and 
crossings. There are a number of methods by which 
this traffic can be handled at junctions. As general 
guidelines the treatment to be imparted depends 
upon the volume of LCM traffic. If the volume is 
sizable in number LCM boxes be created or 
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otherwise they may be given right of way alongwith 
the pedestrians. It is advisable to grade separate the 
crossings of the LCMs with other traffic wherever 
feasible. 

5.4 Traffic Regulations 

In view of the low speeds of operation LCMs 
become impediments on arterial roads. They not 
only reduce the operating speeds of traffic stream 
but also become potential hazards. Therefore there 
is need to prohibit the movement of the LCMs on 
major roads of the cities and their role, particularly 
of cycle rickshaws could be better defined to serve 
the local needs of movements upto distance of 3 to 
4 kilometres. In bigger cities these are becoming 
popular because of the limited penetration of bus 
transport into residential colonies. The role of 
LCMs can also be better exploited as access modes 
to mass transport systems specially MRTS and 
major bus corridors. Better management of parking 
for private vehicles and regulations of LCMs could 
become positive aspects in urban transportation in 
India and enhance the environmental quality and 
safety of pedestrians. 

6. CONCLUSIONS 

The urban population in India is very huge in 
magnitude and their skew distribution amongst 
cities is to be properly considered in evolving 
transportation plans. Low cost modes like cycles, 
cycle-rickshaws are likely to continue to play 
significant role in urban India. Keeping in view 
their operating speeds and vulnerability to accidents 
when moving with other vehicle appropriate 
strategies special planning efforts are needed to 
enhance safety special planning efforts are needed 
to  enhance safety and efficiency of LCM 
operations. Segregated lanes along major corridors 
and separate network of tracks could be seriously 
considered to improve the LCM operations in urban 
India. At junctions and crossings appropriate 
treatment in the form of grade separators or signals 
will have to be considered to accommodate the 
LCM traffic. 
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Model to select the best routes in cycle’s transport 
Modde pour dkterminer les routes optimums dans le transport avec l’utilisation 
de la bicyclette 
Modelo para determinar las rutas 6ptimas en el transporte por ciclos 

I? E. Muso  Cot0 & I. E.Garcia Fernhdez 
Centro de Investigacidn y Desarrollo del Transporte (CETRA), Habana, Cuba 

ABSTRACT: The paper is concerning to a description of a niathemathic model whiL h invoivcs two main as- 
pects in  the selection of routes in bicycles niovenient i n  network. These two aspects are: the el’f’ort to be made 
by the cycle’s driver and the safety conditions of the way. 

The model, which has been automated, chooses the best way for tlie cyclist among all the ixrinls o f a  network, 
taking as fiindaiiient tlie minimuni effort and tlie inaxiniuin safety of the way. Tlx. result is a new network 
formed by the best ways, which gives a great help in order to design bilteways. 

RcS1JMe: Le rapport aborde la description d’un iiiodele niatli~matique que contei iiple dc. IS aspects funda- 
mentals a considerer dam la selection des rues pour le deplacenient des cyclistes ptit ini les rtseaux de routes 
dans uiie aire deterniinee: l’effort a realiser pour les cyclistes et les conditions de sec i f i t @  daiis la voie. 

Le iiiodele qui a ete elabore dam l’ordinateur peut dederminer le chemin optiinun I.: jur 1e (.ycliste eiitre cha- 
que lsaire des noeuds de cet reseau avec un rniniinun d’effort et une securite niaxiiii;:!e. Le : Jsaltat s’obtient a 
travers d’une rescau de routes qui offre Line assistence grande au dessiii des rues 1i;icess;ii ’es pour les bicy- 
clettes. 

RESUMEN. I,a ponencia consiste en la dcscripcion de u i i  modelo niateniatico quc contci~ipla dos aspectos 
fundamentales a considerar en la seleccion de rutas para el desplazamiento de 10s c iclisl:i\ clentro de la red 
vial de un area determinada: el esfkrzo a realizar por el conductor del ciclo y las :Oiidicilrncs dc seguridad 
cxistciites en la via 

E 1 ni o de I o , i nip 1 e ineiit ado CO nip U t acio nal men te, 1 o gra d e term i liar el cam ino 6p t i nio ; w a  e I \: i c I i sta cn t re cad a 
par cle nodos dc dicha red, basindose en la minimization del esfuerzo a realizar y I l l  niauiiri~acion de la se- 
guridad en la via. El resultado se obtiene a traves de una red de rutas optinias que l?i.inda ilna gran ayuda en 
cuanto a1 diseiio de obras viales donde sea iiecesario incluir vias para ciclos. 

1 .  INTRODUCCION 

La bicicleta coiistituye un niedio de transporte niuy 
apropiado a la liora de tener en cuenta, conio objeti- 
vo fiiiidaniental, el traslado del honibre de un lugar a 
otro sin menoscabar el niedio ainbiente y la ecolo- 
gia, tan daiiados ya por 10s vehiculos tradicionales. 
Si, ademis. coiisiderainos clue le brinda a1 ser huma- 
110 ~ i n a  opcion de nioviiiiiento suniameiite indepen- 
diente y sana, estarenios en presencia de una alter- 
nativa ideal de transporte, tanto en areas urbanas 
conio nirales. 

El progresivo iiicreniento de su uso en Cuba, de- 
bido a las veiitajas que provee conio alternativa al 

transporte piiblico, y a la .;oluciCiri que ofrece ante 
las dificultades con la adc ;.:isicilii de combustible, 
ha introducido un iiuevo 8:leiiieni 211 la corriente 
vehicular, que requiere de I !  :tern?i. ,ailas condicioiies 
para sii circulacion, la cual ’,’a a tc.iel‘ lugar eii para- 
lelo con la de otros vehicu‘! ts motc !rimdos, acorde a 
10s cuales se ha diseiiado iradicii)nalmente la red 
vial. 

La coexistencia de aiiibc :. tipoh ~.le vehiculos eii la 
circulacion hizo que se tra t x a  dc brindar a1 ciclista 
condiciones elementales ei sii dc: plazaniieiito den- 
tro de la corriente mixta, c~ )(I carriles preferenciales, 
vias exclusivas y ciclovias. Ademis, se disefio una 
lierraniienta aiitoinatizada (lire ayu,.taria en el diseiio 
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y seleccion de las rutas apropiadas para el movi- 
iniento de 10s ciclos deiitro de la ciudad, consistente 
en un modelo inatematico que considera dos aspec- 
tos fundamentales en la determinacion de las mejo- 
res rutas para 10s ciclistas dentro de una red: el es- 
fuerzo que realiza el conductor del vehiculo y las 
condiciones de seguridad que prevalecen en la via. 

2. DESCRIPCION DEL MODEL0 

2.1 E.$wzo yue realiza el ciclistcr 

La bicicleta utiliza como energia la fuerza humaiia, 
transformando el trabajo realizado por el hombre en 
una nueva forina de trabajo, para permitir el movi- 
iniento de traslacion del conjunto hombre-bicicleta. 

La siguiente ecuacion expresa como la potencia 
generada por el trabajo realizado se utiliza para ven- 
cer la resistencia al movimiento: 
W = V / N  ( M w g [ R + S / l O O + a / g ( l  + L / M ) ] +  

0.5 D A - d (V + B)’) ( 1 )  

Navarro, Ricardo A., Urs, I-leierli & Victor Beck (1985) 
Donde: 
W: Potencia transmitida a 10s pedales (vatios) 
V:  Velocidad de la bicicleta (ndseg) 
N :  Eficiencia inecanica de la transinision (0.95, sin 

M:  Masa total del ciclista inas la bicicleta (I<@ 
g: Aceleracion de la gravedad (9,806 (m/seg-) 
R: Coeficiente de resistencia a1 rodainiento (0.008, 

S: Pendiente (inclinacion) de la calle hacia arriba 

a: Aceleracion del veliiculo (m/seg’) 
L: Masa efectiva de la llanta (kg) 
D: Coeficiente de arrastre aerodinamico ( 1  2, sin 

A: Area frontal del ciclista y la inaquina 0.5 in’) 
d: Densidad del aire a 25” C (0.409 kg/m ) 
B: Velocidad del aire en la direccion opuesta a1 

Sabiendo que: Masa de la bicicleta: 15 Kg 

un i dade s ) 

sin unidad) 

(+) o hacia abajo (-), en porciento (%) 

u,ni dad) 

i 
nio v i 111 i en to d e 1 c i c 1 is ta (m/seg) 

R v 8 / N = 0.08258 
0.5 D *L A * d / N = 0 . 3 8 7 1 6  

Lo cual, despues de la sustitucion de valores y te- 
niendo en cuenta que este principio es aplicable a su 
vez en la medicion del esfuerzo en funcibn a1 espa- 
cio recorrido en lugar del parametro velocidad, daria 
lugar a la siguiente formulacion de la igualdad: 

Wt = I / 100 [M (8.258 + 10.32 S + 106.3 a) + 

Donde: 
38.716 (V + B)’ ] (2) 

Wt: Trabajo transmitido a 10s pedales (joules) 
I: Distancia ( i n )  

S: Pendiente 
4’ M: Masa total del ciclista mis  la bicicleta (80 kg) 

* *  a: Aceleracion del vehiculo (ndseg’) 

* * *  V: Velocidad de la bic:icleta < i.56 m/seg) 
****  B: Velocidad del air: en la Jireccion opuesta 

a1 movimiento del ciclista (2.89 m/seg) 
Siendo 10s factores seiial tdos c.)n * a su izquier- 

da, asumidos por el modelo como sigue: 
* 65 kg (peso promedic. del ciutladano cubano 

adulto) mas 15 kg (peso Je  la hicicleta) 
* *  Debido a 10s frecuentl:,; camliios de velocidad 

(aminoramientos de la inisnia o paradas en caso 
necesario) product0 dt, las dil icultades existen- 
tes en la circulacion pii1.a 10s ciclistas, 10s valo- 
res de aceleracion alcs 1 izados son tan pequeiios 
que tienden a cero. 

* * *  Velocidad media del ciclista (30 ltm/h) 
* * * * Velocidad proinedic i anual registrada en la 

Ciudad de La Habarr por c! Instituto de Me- 
teorologia de la Acatilmia ci,: Ciencias de Cu- 
ba ( 1 0.4 l<m/h) 

Como puede observarsc. eii cs’a ultima formula 
quedan como variables la p.::idieiit.: y la longitiid del 
traino de via, parainetros qile valo;-a el sisteina para 
cada traino de la red vial de !a ciud :cl. 

2.2.Seguridud de Iii viii 

La vuliierabilidad del cond! i.:tor tie la bicicleta cons- 
tituyo otra preocupacion a :.ner CL cuenta en el 1110- 

delo, cuestion fundaineiita! si sc considera clue el 
inismo requiere de un nive! l e  pro:eccion mayor, ya 
que carece de “carroceria 1, en un accidentecon otro 
tipo de vehiculo, resultara sicnipre mis  dafiado el ci- 
clo y inas perjudicado el cic i ista. 

Por taiito, a1 sistema se 1: imp1e:nento la forma de 
tener en cuenta 10s factores !.)lie ;ii; cran la seguridad 
vial, combinando esto con : c i l ca~o  del esiiierzo de 
forma tal que, a1 valorar el resulta:.io final, se mini- 
inizaran esfuerzo e inseguri :‘ad en ..olijunto. 

Para evaliiar la seguridacl cle la via se considera- 
ron 10s elementos viales c\i‘,:o e s i d o  facilita o difi- 
culta la circulacion del cic i tsta, agilizando o entor- 
peciendo su recorrido. Esto j factorc:s son: 
0 Intensidad vehicular ( C  ii:los j,;.) i.ehiculos auto- 

in0 t ores) 
Capacidad vehicular ( c i~ los  y;a vehiculos auto- 
inotores) 
Estado de la capa de roci;idiira 
Tipo de superficie 

@ Estado de la limpieza 
Paviinento sec0 o inojatl,) 
Pavimento ondulado o t (1ntinu(.b 

Estado de la iluminacio i noctu! iia 

Relacionados de la sigui :Iite f’orma: 

0 Peralte 

a) F = (Iii) / C,,)) - Cr[,) Tsai 4 L,,, l-l(li * CO,,, * 

LN, (3) 
Do nd e : 
1:: Factor de seguridad 
I,,): Intensidad en el sllbti.itl1lo i 
C ( ! ) :  Capacidad en el sub:ramo i 
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Cr(,): Estado de la capa de rodadura del subtramo i 
Ts,,): Tipo de superficie del subtraino i 
L,,): Estado de linipieza del subtraiiio i 
I-I(,): Pavimento sec0 o niojado en el subtramo i 
CO,,,: Continuidad del paviinento en el subtraiiio i 
P(]): Peralte en el subtranio i 
Lu(,): Estado de la iluminacion en el subtranio i 
i :  Niiniero del subtraiiio 

b) S(1) = D,,) * F (4) 
Donde: 

S(,; Seguridad en el subtramo i 
D,,): Loiigitud del subtraiiio i 

Donde: 
St: Seguridad del traiiio 

2.3 Corrclciciljn enlre es$~cuzo y seguridad de Icr vici 

Los resultados obtenidos en 10s calculos anteriores 
(tanto para el esfuerzo conio para la seguridad) se 
c o rre 1 ac i o nan ni ed ian t e 1 a s i g ui en t e expres i 6 n : 

M = wt x st 
I) on d e : 

(6) 

M: Resultado a niinimizar 
Wt: Esfuerzo a realizar en el tramo (se calcula en 

St: Seguridad del traiiio (se calcula en (5)) 
(2)) 

? .  Iodo esto considerando clue en el analisis del i i i -  

vcl de seguridad de la via, 10s valores asigiiados a las 
caracteristicas de la niisnia se incrementan a niedida 
que estas se tornaii nihs desfavorables para el ciclis- 
ta, 10 cual influye positivamente en la evaluacion de 
la inseguridad. Por tanto, a1 niinimizar el product0 
M, indicado en (6). se obtendra el caniino donde in- 
tei-\wigiin cl mcnor esfiierzo y la seguridad mayor. 

3.  ALGORITMO EMPLEADO PARA DETEII- 
MINAR EL CAMINO M ~ N I M O  

El algoritiiio eiiipleado para deterniinar el caiiiino de 
valor minimo. desde uii nodo previanieiite designado 
conio origen a1 resto de 10s vertices de la red anali- 
zada, es el algoritiiio de Ford. 

Este algoritiiio es aplicable tanto a redes orieiita- 
das coiiio 110 orientadas y consiste en el examen sis- 
teiiiatico de 10s nodos sucesores de cada vertice, a 
fin de determinar la sucesion de arcos que confor- 
man el camino de valor minimo. 

Su aplicacion primeramente desde un nodo inicial 
a1 resto de 10s nodos y luego repitiendo el proceso 
para cada nodo de la red (fornia recursiva), permite 
obtener la red de caniinos niinimos de la zona. 

4. RESULTADOS EMITI! )OS I'OR EL SISTEMA 

Los resultados pueden visL; lizarst: de 2 formas dis- 
tintas: por tabla y grafican'. nte. ;.:.I la tabla se rela- 
cionan secuencialmente, pa r C t  cada par de nodos ori- 
gen - destiiio, 10s nc!.nbres de 10s nodos 
(intersecciones de dos o liiii!.z vias) que conforman el 
caniino de valor niininio, ( 1  sea. ia ruta de nienor 
distancia. Las salidas grafic,;ls proporeionan un nivel 
mayor de comprension en ( iianto 2: la representacion 
de la red de caiiiinos minin- 8s resui :ante. 

5. EFECTO SOCIAL 

El beiieficio que brinda e l  niodclo niateniatico es 
eininenteniente social, ya q1 I!: mediante su aplicacion 
es posible brindar servicic: ianio a un ciclista en 
particular que desee conocc, cual %..s la ruta inas co- 
moda, corta y protegida pa. , i  realij.3r un viaje deter- 
minado, coiiio a la pob1ac;;tn ciciistica en general, 
fungiendo, en niaiios de 11 1,; espe(4alistas en trans- 
porte, corno una lierramien;.i de gi :in valor para de- 
finir uiia red vial donde sea i iecesai io incluir vias pa- 
ra ciclos. En este iilt;ino C'LSO, el sistema 
autoiiiatizado estructura la red li tial con las rutas 
donde el ciclista podra cir,: I ilar c(1ii iiie.jores condi- 
ciones y reducieiido a1 iiiin i!io las probabilidades de 
ocurrencia de accidentes. 

CONCLUSIONES Y REC( !MENI>ACIONES 

1 .  El sisteiiia autoniatizadl! para I;i organizacion del 
transporte por biciclet,is, cdc. ula 10s caniinos 
optimos para el ciclista, tolii2il;io conio paranie- 
tros deterniinantes el c: liieryi) a realizar por el 
iiiisiiio y el grado de se~;'iridail qiie ofrece la via. 

2. El mode10 relaciona ar ikts I'al.tores (esiiierzo y 
seguridad) de todos 10 ; caiiiiiios posibles, de 
foriiia tal clue, a1 ser IT i,iimii:;icJo el valor rcsul- 
tante por el algoritmo Ford. SL' obtieiie el ca- 
iiiino de condiciones OF( inias p i r a  el ciclista. 

3. Su utilizacion resulta d : gran {(alor tanto cn nia- 
nos de 10s encargados c la plaiiilicacion, diselio 
y construcci6n de obra:; viales a la liora de defi- 
iiir una red vial con pai.licipacion de ciclos, co- 
nio al servicio de cicli ;:as en particular, intere- 
sados en conocer el r(~.orrido optinio entre un 
par de puntos determin:xlos dc la red. 

4. Se recomienda contini! !r pr~.~"undizando en la 
correlacion existente e itre 10s factores que iii- 

fluyeii en la seguridad !31 ci~lijt:i, con el objeti- 
vo de perfeccionar el IT : del0 j contribuir de esa 
fornia a estiniular el us" niasi\ o de este vehicii- 
10. 

375 



Gat-cia Fernandez, Isaura E., Pedro E. Muiiio Coto. 1993. Sir- 
1eiiiu rl i t~oiiiu~i:~~do ptrra la seleccidii de ca1iiiiio.s dpliiiio en 
id [ruiwpoi.[e por hioclercr.~: BICIIIUTrf (piiiieru e iupq  
Ciudad de La I-labana, Instituto de Investigaciones del 
Transporte. 

Garcia Fernandez, Isaura E., Pedro E. Muiiio Coto. 1994. Si.s- 
feiiin .A u[oiiia~izcido pars la seleccidn dc cui7iino.s dptimo 
eii el traiisporre por biciclelus: BlClRUTA (e~apa,fitiul), 
Ciudad de La f-iabana., Instituto de Iiivestigaciones del 
l ~ ~ a l ~ s ~ 3 o l - ~ e .  

Navarro, Ricardo A.. Urs, Heiei-li, Victor Beck. 1985. L a  hici- 
clela y los tricic1o.s. .~~I~eriiutivu~r c k  Iruiisporte eii Aii~Bi.ica 
Latit111. 

Gonzalez Laredo, Pilar Felipe. 1983. I171roduccidii a Ia Teoricr 
y .Aplicacioiie.s de las retles. Ciudad de La Habana. Editorial 
Pueblo y Educacion. 

376 



Urban Transportation and Environment, Diaz Gonzalez Palomas & Jamet (eds) 0 2000 Balkema, Rotterdam, ISBN 90 5809 128 7 

Bicycle use for everyday trips with mobility solution and better environment 
L’utilisation de la bicylette pour des voyages de tous les jours avec la solution de la mobilit6 
et un meilleur ambiance 
Us0 de la bicicleta para viajes diarios con solucih de la movilidad y un mejor ambiente 

H.Vald6s Rios 
Centro de Investigaci6n y Desarrollo del Transporte (CETRA), Habana, Cuba 

ABSTRACT: Main problems as result of ecological crisis are widely acknowledged by scientists and many of 
the world’s governments and international agencies. The bicycle as means of transportation gradually is reap- 
pearing on the political agenda in many countries. This is encouraging because it clearly offers a potential 
contribution to solutions for the traffic congestion and pollution problems which almost all the world are fac- 
ing now. 

The role of bicycles differs widely over time and between societies. There are a lot of experiences in North 
America, Europe, Asia, Africa and Latin America, including Cuba. Cuban is demonstrative experience that 
the large-scale introduction of bicycles use in the life of the Cuban people for everyday trips to works and 
study centers, as well as social/recreative purposes is common now, and the population acquired a new posi- 
tive attitude toward the bicycle. 

RESUME: Les principaux problemes comme resultat de la crise kologique sont tres connus par les scienti- 
fiques et pour les gouvernements et les agences internationales du monde. La bicyclette comme moyen du 
transport dans la vie politique de plusieurs pays. 

La bicyclette se developpe parce qu’on offre d’une maniere tres claire une contribution a la solution des 
problemes de la congention du transit et de la contamination de l’environnement. 

Le role de la bicyclette differe grandenient dans le temp et dans les societks. Existe une grande quantite 
d’experiences dans 1’Amerique du Nord, Europe, Asie, Afrique, et dans 1’Amerique Latine ainsi que Cuba. 
L‘experience cubaine demontre que l’introduction massive de la bicyclette dans la vie du peuble cubain pour 
les voyages de tous les jours au centres des travails et etablicements scolaires et culturels est un interet com- 
mun et uiie nouvelle attitude vers la bicyclette: 

RESUMEN: Los principales problemas como resultado de la crisis ecologica son ampliamente conocidos por 
10s cieiitificos y por 10s gobiernos y agencias internacionales del mundo. La bicicleta como medio de trans- 
poi-te esta reapareciendo en la agenda politica de muchos paises. Esta se esta promoviendo, porque claramente 
ofrece una contribucion potencial a la solucion de 10s problemas de la congestion del transit0 y de la contami- 
nation ambiental, a 10s cuales se estan enfrentando actualmente casi todos 10s paises del mundo. 

El papel de las bicicletas difiere ampliamenteen el tiempo y entre las sociedades. Hay una caritidad de experi- 
encias en America del Norte, Europa, Asia, Africa y Amkrica Latina, incluyendo a Cuba. La experiencia cu- 
bana deniuestraque la introduccion masiva de la bicicleta en la vida del pueblo cubano, para 10s viajes diarios 
a 10s centros de trabajo y de estudio, asi como para propositos sociales y recreativos es comun actualmente y 
que la poblacion ha adquirido una nueva actitud hacia la bicicleta. 
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1 INTRODUCTION the right conditions for the use of the bicycle as an 
ordinary means of transport. 

World leaders were agree at the United Nations 
Earth Summit in Rio de Janeiro (1992), that if were 
to leave share of the world’s resources to those who 
follow us on this earth, we need to develop a more 
sustainable way of living. 

In our days, the decisive factor in urban ecology 
is that cities must guarantee that it citizens are able 
to carry out their activities adequately and this im- 
plies that it must facilitate mobility. 

We are moving forward to enter in the 21” Cen- 
tury and the concept of, livable cities, is becoming a 
generally accepted idea. In this idea mobility is a 
function of the diversity of modes of transportation, 
in which the daily use of the bicycle for everyday 
trips will be a key factor in achieving the type of city 
that we all desire. 

On the other hand, the most recent tendencies in 
the development of society in the present century are 
greatly influenced by the increasing attention to the 
economy, the society and the environment, and the 
emphasis has been on active, invigorating, safe and 
sustainable transport system in which the bicycle 
actually plays an important role. 

The bicycle as transport means is gradually reap- 
pearing on the political agenda in many countries. 
This is encouraging, because it clearly offers a po- 
tential contribution to solutions for the traffic con- 
gestion and pollution problems, which almost all- 
urbanizing communities of the world are facing 
now. Boosting bicycle use is one means of prevent- 
ing a further increase in traffic and pollution prob- 
lems. 

The Director for Youth and Sport at UNESCO 
(A. Guillete) in an opening lecture to delegates at the 
9’ Velo City Conference in Base1 (1995) described 
cycling as a “mode of urban transport for the future 
worldwide”, argued that cycling corresponds to four 
main UNESCO mandates: education, science, cul- 
ture and peace. 

Then, the main best way to get people out of their 
cars and onto their bicycles must be to create a 
changed transportation system that offers not only 
choices among travel modes (cars or bicycles) for 
specific trips (to work, leisure or others purposes), 
but more importantly presents these options in a way 
that they are real choices that meet the needs of in- 
dividuals and society as a whole. 

In the present context of economic globalization, 
more pragmatic and sound strategies should be con- 
ceived in order to make cycling, part of the solution 
for urban daily life, in which cycling to work, 
school, shopping, leisure or elsewhere, will be part 
of people’s regular day-to-day routine. Then, pro- 
moting cycling will require some hard choices in the 
way that cities and urban transport systems will de- 
veloped, and how resources must allocated, to create 

2. PROMOTING BICYCLE AS MEANS OF 
TRANSPORT FOR EVERYDAY TRIPS 

The World Bank in his publication titled “Sustain- 
able Transport-Priorities for Policy Reform”, wrote: 
“Transport is central to development. Without 
physical access to jobs, health, education and other 
amenities, the quality of life suffers, without physi- 
cal access to resources and markets, growth stag- 
nates, and poverty reduction cannot be sustained”. 
Attitudinal change is a prerequisite, merely promot- 
ing cycling as economically and environmentally 
sustainable in manner comparable to the common 
current practice in parts of the “North” countries, 
would not have a noticeable impact. In situation with 
poor cycling experience, like in some of the Third 
World Societies, where use and attitudes to bicycles 
differ widely, in accordance with socioeconomic 
conditions, the terrain and cultural values, the pro- 
motion activity is as important as the creation of new 
infrastructures. 

In some developed countries, as car ownership 
and incomes increased, bicycles become associated 
more with leisure and recreational use. 

A variety of interrelated factors contribute to a 
person’s decision to get out of their cars and onto 
their bicycles for everyday trips. These have to do 
with physical conditions, personal motivation and 
institutional considerations, because cycling is avail- 
able to all segments of society-people of all ages and 
socioeconomic levels. 

The cyclist must be given a more prominent place 
in the future traffic and transport system. This can be 
achieved by making the most of the favorable char- 
acteristics of the bicycle and by removing obstruc- 
tions to the use of the bicycle. These obstructions are 
mainly found in the physical layout, traffic hazards 
and its great susceptibility to theft. 

Stimulating bicycle usage does not only entail a 
higher percentage of cyclists in the modal split. 
Keeping those people who use their bicycle safe on 
it is at least as important. If nothing is done or if no 
qualitatively well developed cycling facilities are 
provided, the cyclist’s share in the modal split may 
decrease, instead increase. 

There are many arguments for starting the cycling 
policy: 

Cycling increase accessibility 
Cycling is better for the environment 
More cycling leads to road safety 
Cycling policy is a recognizable choice 
There is a broad basis for a cycling policy 
Bicycle usage saves a great deal of money 
The bicycle offer ample prospects 

e 
e 
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The main precondition for a successful cycling 
policy is supplying an infrastructure, which offers 
cyclist a quick, comfortable and safe link during 
everyday journeys. Evidently, from this point of 
view, there is no reason to distinguish between the 
various trip purposes, because cyclist would like to 
have effective, comfortable and safe connections at 
hisker disposal during every journey’s purpose. 

Carry out activities that increase the safety of cy- 
cling and conduct promotion and awareness activi- 
ties to increase the level of cycling for all trip pur- 
poses and to legitimize this travel mode within the 
transportation system, as well as provide funds for a 
cycling-friendly infrastructure, that include new fa- 
cilities and infrastructure retrofitting, education for 
all road users and enforcement programs for all road 
user, are key factor in cycling promotion. 

For promoting bicycle use for everyday trips, 
there are at least five main demands to satisfy, which 
more or less represent all wishes of cyclist regarding 
the infrastructure: comprehensive, direct, attractive, 
safe, and comfortable. 

Clearly, successful programs have realistic op- 
tions, and enlightened public and strong Government 
supports. Any single strategy, by itself, realized only 
modest gains. The best approach is a combination of 
strategies that creates a comprehensive system, 
similar to what motorized traffic enjoy. 

3. LEARNING FROM INTERNATIONAL EX- 
PERIENCES 

The role of bicycles differs widely over time and 
between societies. In recent years there has been an 
enormous revival in the popularity of cycling. There 
are large and imaginative catalogues of worldwide 
practices that make life easier for cyclist and that 
have been tested extensively in practice for more 
than 20 years. The implementation and funding of 
many cycle schemes is “piggy backed” on other 
major infrastructural projects, such as: Quality Bus 
Corridors, Light Rail Transit, and Traffic Calming 
Schemes. 

In the United States of America, the Intermodal 
Surface Transportation Efficiency Act (ISTEA) of 
1991 recognizes the transportation value of cycling 
and offers mechanisms to increase considerations of 
cyclists’ needs within the Nation’s Intermodal trans- 
portation system. President Bill Clinton said: “ 

Without question, bicycling is an efficient economi- 
cal and environmentally sound form of transporta- 
tion and recreation. Bicycling is a great activity for 
families, recreational riders and commutes” (Bicy- 
cling Magazine, November 1992). 

The integration of cycling into U.S.A. transporta- 
tion system is underway, but, while progress can 
certainly be seen and documented, such change 
comes slow and very unevenly. 

Cities as Seattle (Washington), Portland (Ore- 
gon), Boulder (Colorado), Palo Alto (California), 
Davis (California), Tucson (Arizona), Gainesville 
(Florida) and others seen to have discovered a 
working formula for what it takes to increase levels 
of cycling. 

In Canada there are good examples in Montreal 
(Quebec) and Toronto, that are increasing step by 
step the levels of cycling in these cities for everyday 
trips. 

The Netherlands is perhaps the best know exam- 
ple of a country where cycling is a high priority. 
This country has gone so far to establish an official 
national bicycle policy (Dutch Bicycle Masterplan). 

In Austria, Vienna and major state capitals, like 
Salzburg and Graz, pursue an activist policy in the 
planning, construction and operation of bike paths. 

In the period from 1995-1997, the Danish gov- 
ernment spent more than $10 million USD to de- 
velop and implement a demonstration project on 
traffic safety and the environment, a great deal of the 
projects aim at promote safe cycling in urban areas. 

In France, the bicycle has a favorable image. 
Over the last ten years, some cities, including Paris 
has developed policies very favorable to cycling. 

In Great Britain, cycling plnys minor but growing 
role in urban transportation. The National Cycling 
Strategy, launched in July 1996, will be measured in 
grow of bicycle use very soon. The aim is restore 
cycling as a convenient and appropriate transport 
choice, including the developmc.nt of National Cycle 
Network. 

In Dublin, is bringing back the bicycle as a mode 
of transport, putting cycling on the public agenda 
and developing strong cycling policies. 

The Scandinavian countries (Sweden, Norway 
and Denmark), as well as Gerinany, Switzerland and 
Finland, have programs to ciicourage cycling in 
some of their major cities and the participation of bi- 
cycles in urban traffic represc,its a third or more of 
all the trips made. In the period from 1995-1997, the 
Danish government spent morc than 10 million USD 
to develop and implement a di,inonstration project of 
traffic safety and the environxent. A great deal of 
the project aims at promoting safe cycling in urban 
areas. 

In Eastern Europe, in the ‘Ialtic region, Poland, 
the Czech Republic, I and Albania, among 
others, cycling account I e to ten percent of all 
the trips. 

Bicycles are the predomin:~it types of private ve- 
hicles in many Asian cities, awl they are the most ef- 
ficient means of mobility OVCI‘ short distances. For 
example both China and Jap, I in Asia, are highly 
affluent and strong cycling tw lition countries where 
cycling plays a major iole in nobility, but in China 
the level of car ownership is very low, while in Ja- 
pan is very high, Another As‘nn countries as India, 
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Bangladesh and Vietnam have also tradition in the 
use of bicycles and tricycles as means of transport. 

In African countries as Uganda and Ghana, bicy- 
cle transport has increased at a high rate. In Ghana 
the World Bank is supporting a Project for the in- 
crease of bicycle use. In Uganda, the bicycle has 
been seen as an effective means of transport and a 
source of income for families and youth. 

In Latin America, some cities have programs to 
promote bicycle use and for the increase of bicycle 
facilities, as bicycle ways and lanes, pxking areas, 
among others, The World Bank has been supported a 
Project in Lima for the increase of bicycle use in this 
City. There are other cities as Leon (Nicaragua), 
Quito (Ecuador), Rio de Janeiro, Sao Paulo and 
other Brazilian cities, Rosario (Argentina), Santo 
Domingo (Dominican Republic) that have isolated 
programs in bicycle facilities. 

The variations in the use of cycling mode in the 
above mentioned different countries c:i nnot be IA ell 
explained by income, climate and level of car o\w- 
ership, although clearly these have sonic effect. Mow 
this mode is perceived socially, how sp‘e people feel 
cycling, and particularly, the charade,. of land use 
and urban design, all appear to play greater roles in 
determining the level of cycling. But ;‘I all cases is 
obviously that a strong political will i c  necessary in 
order to help the introduction of bicycl-. as means of 
urban transport in the cities of all cfiuntries. The 
most important success factor of all 13’ ograms must 
be the introduction of bicycles as pal‘ of the trans- 
port chain; it meant their integration \\ ith the differ- 
ent transport modes. 

4. THE CUBAN EXPERIENCE 

Cuba is a developing country, fightin. iintiringly for 
obtain a sustainable level of econor- c and social 
growth 

In mid-1990, the petroleum crisis, joint to iiiany 
other economical and political factors made off the 
Government decision about the introduction of bicy- 
cles and tricycles as a way to replace share of mass 
transportation in buses and also sonic 7thcr passen- 
ger and freight transport, like the ni t appropriate 
and affordable means of urban trans:>ort, that eii- 
ables conservative use of energy ai: 1 capital re- 
sources to fulfillment the mobility necds, and alyo 
brings advantages, environmental quality and human 
health. 

Bicycles appeared like a new r)i:portunity in 
transportation development, as an swer in re- 
sponse to external debt problems, v, ch had been 
exacerbated by unsustainable levels )f petroleum 
and motor vehicle imports. 

A comprehensive program has becn developed in 
Cuba which included: promotion of bicycle use, 
creation of bicycle infrastructure in c i  tics;, traf’lic 

education, production of Cuball bicycles, network of 
services to cyclists, parking p x e s ,  integration with 
others transport modes (bike-on-bus system in tun- 
nel under the Havana Bay, bil, e-on-train in railways, 
bike-on-boats in ferry boats in operation in main 
bays of the country) among others. 

Recently, Hein Verbruggen, President of the In- 
ternational Cycling Union saic’ : “Must people asso- 
ciate Cuba with sunshine, sea beaches and tourism, 
but it is also well-knonn for c cling”. 

of the transportation 
landscape in Cuba, and even I C the economic condi- 
tions that led to their iiitroduc on should improve in 
the short, medium or long tel. 11, the President Fidel 
Castro said: “they are in Cub,) to stay” as part of the 
transport system. 

In the Main Report preser :d by President Pidel 
Castro to the 5‘h Cony’-ess o ’  the Communist Party 
of Cuba in October 8, ’ 997,h said: “ Bicycles, how 
many problems bicycl x s  havc olved! Especially for 
young people, studen< r, man workers, in the city 
and in the countrysic’:. Th:l’ was one of the first 
measures that were taken and one of those that 
solved the most probl wis. A million and half bicy- 
cles were imported; 1% ,re tl. 11 half a million have 
been produced in the ountr: in nc\v bicycle facto- 
ries. There are more t’ 111 t w  inillic7n bicycles in the 
hands of the populatic\ I ,  and many problems have 
been solved.” 

Thus, a new era in transportation has begun in 
Cuba: the era of the 1 ;cycle- a form of sustainable 
transport capable of ni xcting preseii t needs without 
remove future generatioair abilities i 1 meet theirs. 
Therefore, increased use of bicyc’ ’s in Cuba, far 
from being a step backward, is an ilidicator of prog- 
ress, a gesture of respect for the ecosystem, benefit- 
ing the country economically with :I sounder use of 
limited resources. Bicycles stand for the improve- 
ment of the quality of I’fk, and 1 1 ~ 1 -  xi development 
in Cuban society. 

Because in Cuba wai not tradit )‘I in the use of 
bicycle as means of tranyort, nun’ w u s  steps have 
been taken to create a “bicycle cii’ me”, that is to 
integrate the use of bic>xcles as el -cicnt means of 
transportation. Despite nisting fin Sicial and mate- 
rial limitations, televisi I and ra?‘ programs have 
been produced on bicycl 3 safety, art .les on the topic 
appears frequently in nei”spapers, a > booklets with 
information on bicycle ifety have l-wn published 
and distributed, as well IS inform; ‘on on bicycle 
services and repair work~’iops, lectii es at work and 
study centers has been dr ie. 

In terms of promote s, the mc 1 active is the 
President of the Cuban (’ouncil of ,.ate and Minis- 
ters, who in numerow national public speeches 
nicntioned the bicycle a. 3 solution to people trans- 
port demand, contributin: to improve public image 
of the bicycle, and encoi’ aging their use by all seg- 
mcnts of population. 

Bicycles have beccine pa 
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In Havana City, 13,8 km of bike-lanes.15, 8 ltm 
of bike-paths with physical segregation of motor- 
ized transport and 84,O km of rights-of-way have 
been establish, and the first bike-path (7,8 km) was 
opened in July 1991, linked the Alamar residential 
community to El Megano Beach, both on the Eastern 
side of Havana City and its purpose is to facilitate 
cyclist’s safe access to East Havana year round, par- 
ticularly during the summer, when most students and 
workers have vacation time. 

Bicycle promotion in Cuba has shown that not 
only bicycle lanes and bicycle paths are required, but 
also a network of facilities for bicycles and cyclists 
integrated in the society. 

The large-scale introduction of bicycle use in the 
life of the Cuban people has obliged all of the 
population to acquire a new positive attitude toward 
the bicycle. That attitude was a new one, not preiri- 
ously generalized in Cuba. More than that, they had 
to begin riding bikes. In Cuba bicycle as means of 
transport has been incorporated in the Strategic Plan 
for Passenger Transport Development. For example, 
in Havana City, 13,6% of everyday trips are made 
on bicycles, with the following average indexes: 

Travel distance 4,4 km 
Travel time 34,4 min. 
Travel speed 7,7 km/h 

In Havana City has been establish a state network 
with 84 workshops for bicycle‘s mechanical repair, 
105 workshops for tube’s puncture repair, 1 10 points 
that offers compressed air services for tubes and a 
lot of shops in which cyclists can buy spare parts 
and accessories for their bikes. Such services are 
also offer by the private sector. 

A positive impact of bicycling police in Havana 
City is the reduction of fatalities and injuries in road 
accidents between 1991 and 1998 as follow: 
o In 1991 were 303 fatalities and 1946 injuries. 
o In 1998 were 241 fatalities and 1423 injuries. 

CONCLUSIONS 

Public transport, pedestri:!!is and cyclists are 
partners in the development of sustainable trans- 
port solutions, combining their respective ad- 
vantages for mobility solutions. 
Bicycle transportation is efficient, flexible, and 
ecologically and economically viable and there 
is in position to complete successfully urban 
transport system. 
The bicycle can benefit the environment by giv- 
ing high local accessibility to the relatively 
sparse public transport net\\Tork, even for longcr- 
distance movement. 
Bicycles can play a primary role in cities for 
work, shopping and other twels .  

5.  

6. 

7. 

8. 

9. 

Much more can be done at low cost to incorpo- 
rate bicycles into an overall urban transport 
strategy. 
Appropriate measures for bicycle promotion 
might include at least the provision of routes and 
parking facilities for bicycles. 
Proper recognition of bicycles as slow-moving 
vehicles within traffic management schemes 
helps cyclists‘safety. 
Public transport and the bicycle most have a 
greater share in urban mobility. 
In principle, the bicycle can rcplace the cars on 
many of trips and thus contribute substantially to 
reducing car use and air pollution. 

10. The bic;cle is; understandably, popular for so- 
cial/recreative purposes, but the bicycle also 
rates highly as means of transport for shopping 
and for going to the work and to study center. 
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Enhancing pedestrian safety in Indian cities 

Y. I? Sachdeva 
RITES, New Delhi, India 

ABSTRACT: A large part of transport demand is conducted by walk in Indian cities irrespective of their 
population size. However, pedestrian facilities are grossly inadequate in almost all cities. Consequently, 
pedestrians are the major victims of road accidents. This paper discusses the characteristics of pedestrians in 
Indian cities, examines their problems and recommends that the present levels of walk trips should be 
increased or at least be maintained through various engineering, enforcement and education measures which 
will facilitate the movement of pedestrians and enhance their safety. 

1 INTRODUCTION 

Walking has remained a vital means of 
transportation since ages. Walking is certainly the 
cheapest and most dependable mode. Although 
motorisation levels have been growing, still a large 
part of transport demand is conducted by walk in 
Indian cities. Not only the trips are conducted by 
walk in their entirety but most of the trips by 
mechanical modes also include a walk component at 
the beginning and the end. Walk travel plays an 
important role in all Indian cities irrespective of their 
size. 

However, walking has rarely been recognised as 
a mode of transport. As a result of growing 
motorisation, the concentration of city planners and 
administrators has centred mainly around the 
infrastructure associated with motorised transport. 
In comparison to huge walk transport demand; 
pedestrian facilities in Indian cities are grossly 
inadequate. Consequently, pedestrians are the major 
victims of road accidents. 

This paper discusses characteristics of 
pedestrians in Indian cities, examines their 
problems, availability of their facilities and 
recommends measures to create a conducive 
environment for pedestrians. 

2 WALK TRAVEL CHARACTERISTICS 

Recent household travel surveys conducted in 21 
Indian cities by RITES as part of a national level 
urban transport study indicate that a significant part 
of the total person trips are conducted by walk in 

cities of various sizes. Table 1 shows that their 
contribution in total daily trips ranges from 12% to 
50% in different cities. Thus a significant part of 
transport demand in Indian cities is satisfied by 
walk trips. 

Generalised national level walk travel 
characteristics are given in Tables 2 and 3 .  Table 2 

Table 1. Share of walk trips in total daily intra-city person 
+us in Indian cities-1994 
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City population 
range (million) 

0.1 - 0.5 
0.5 - 1 
1 - 2  
2 - 4  
4 - 8  
8 +  

Share of walk trips Average walk trip 
(%I length (km) 

31 -29 0.8 - 1.0 
29 - 27 1.0 - 1.2 
27 - 25 1.2 - 1.4 
25 - 23 1.4 - 1.6 
23 -21 1.6 - 2.0 
21 - 19 2.0 - 2.2 

City population 
range (million) 

0.1 -0.5 
0.5- 1 
1 - 2  
2 - 4  
4 - 8  
8 +  

I 0.1-0.5 I 8.1 - 8.6 I 

PCTR for walk Total PCTR 
trips 

0.29 - 0.35 0.94 - 1.22 
0.35 - 0.34 1.22 - 1.27 
0.34 - 0.32 1.27 - 1.28 
0.32 - 0.29 1.28 - 1.24 
0.29 - 0.24 1.24 - 1.17 
0.24 - 0.22 1.17- 1.12 

I 0.5 - 1 I 8.6 - 8.9 I 

City population range 
(million) 

1 1 - 2  I 8.9 - 9.2 I 

Expenditure on travel (Yo) 

1 2 - 4  I 9.2 - 9.7 I 

City 

1 4 - 8  I 9.7 - 10.4 I 

Major road length Encroachment of 
having sidewalk length 

I 8 +  I 10.4 - 10.7 I 

Shimla 

shows that share of walk trips decreases as city 
population increases. In general, its share decreases 
from 31% for cities with population 0.1-0.5 million 
to 20% for cities with population more than 8 
million. Thus a large proportion of trips are 
conducted by walk even in large cities. Hilly urban 
areas e.g. Shimla have very high share of walk trips 
due to topographical reasons. Walk trip lengths 
have been found to be reasonably longer as 
indicated in Table 3 .  In general, average walk trip 
length increases from 0.8 km to 2.2 km with 
increase in city size. 

In conformity with above, the Per Capita Trip 
Rate (PCTR) for walk trips decreases from 0.35 to 
0.22 with increase in city size as given in Table 3 .  
In contrast, overall PCTR increases with increase in 
city size although it reduces slightly after reaching a 
population of 2 million. 

As share of walk trips in total transport demand 
is more in lower order cities, average household 
expenditure on travel is also lower as compared to 
higher order cities. As indicated in Table 4, 
percentage expenditure on travel in household 
income varies from 8.1% to 10.7% with increase in 
city size. This signifies the importance of walk trips 
in lower order cities. 

sidewalks (%) ("/I 
2 NA 

3 AVAILABILITY OF FACILITIES FOR 
PEDESTRIANS 

Although a large proportion of trips is conducted by 
walk, the facilities provided for pedestrians are very 
meagre. Table 5 shows the availability of sidewalks 
provided with the major road network of various 
cities. Percentage of roads having sidewalks is 
generally less than 5% in small- and medium-sized 
cities although a little higher proportion of major 
roads in large cities have been provided with 
sidewalks. Even the small sidewalk lengths 
available are mostly encroached upon by parking of 
vehicles, hawkers, goods of abutting shops, etc. 
25% to 35% of available length of sidewalks have 
encroachments in most cities. 

Generally sidewalk surface is poor and their 
surface level high which is inconvenient for most 
pedestrians. There is no continuity in the available 
sidewalks, which have frequent breaks for access to 
properties abutting the roads. These factors force 
the pedestrians to use carriageways thus conflicting 
with vehicular traffic. Few pedestrian subways / 
footbridges are available only in large metropolitan 
cities such as Bombay, Delhi, Madras and 
Bangalore. Most of the traffic signals do not 
provide for pedestrian phases which endangers their 
safety. 

There is also a tendency amongst road 
organisations to reduce sidewalk width to provide 

I Guruvayur 

Panipat 

23 28 
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more room for vehicular traffic. These factors force 
pedestrians to use the carriageways indiscriminately 
and haphazardly. It results in slowing down of 
vehicular traffic and increases accidents thus 
becoming counter-productive. 

No wonder, with large pedestrian traffic and 
practically very little facilities available for them, 
involvement of pedestrians in road accidents has 
been very high. Table 6 shows road accident data 
for the city of Delhi for the period 1985-93. The 
table reveals that more than 40% of total road users 
killed in fatal accidents have been pedestrians. 

1989 

4 URBANIZATION AND MOTOR VEHICLE 
OWNERSHIP 

(40) (33) 
666 2392 1581 7377 

The urban population of India is expected to reach 
about 540 million by the year 2021 which will be 
37% of India’s total population. Not only will the 
Class-I cities (with population 100,000 and more) 
grow, small towns will also participate in this march 
towards urbanisation to join the group of Class-I 
cities. The number of cities and the population in 
various ranges that have been projected up to the 
year 2021 are shown in Table 7. The table indicates 
that the number of Class-I cities which was 301 in 
1991 is expected to grow to 450 by 2001 and to 781 
by 2021. The number of million plus cities will 
increase from 23 in 1991 to 51 by 2021. Total 
population in Class-I cities will grow to about 350 
million in 2021 i.e. an increase of 145% from 1991. 

Considering the improving socio-economic 
levels in Indian cities, inadequate mass transport 
system and pedestrian facilities, personalised motor 
vehicle ownership has been growing in Indian 
cities. The scooters / motor cycles and car 
ownership levels in Class-I cities at all-India level is 
expected to become 4 times in 2021 as compared to 
1994 as shown in Table 8. Thus, even in next 25 
years, motor vehicle ownership levels in India are 
expected to be lower than developed countries. 

(42) (32) 
1991 738 2689 1778 805 1 

5 bEASURES FOR PROMOTING WALK 
TRAVEL 

1993 

The urban transport policy must capitalise on the 
forecast that motor vehicle ownership levels are 
expected to be lower in India as compared to 
developed countries in next couple of decades. This 
policy should also capitalise on existing levels of 
walk travel in cities. Considering that the urban 
poor constitute a good part of the population (upto 
45% of households in many cities have monthly 
incomes less than Rs. 2000) and is not able to afford 
personalised and public transport, non-motorised 
modes such as walk assume great importance. On 
the other hand, importance of this mode to conserve 

(42) (33) 
706 2645 1783 8236 

Pedestrians Total Road Users 

2125 1271 6388 

Vehicle 1994 
car 14 
ScooterMotor cycle 102 
Total 116 

202 1 
48 
3 93 
44 1 

I (40) I (32) I I 
(figures in parenthesis denote percentages ) 

Table 7. Projected number and population of Class-I cities in 
India 

1 Total I 301 1 141.9 I 781 I 348.7 1 

non-renewable energy (petroleum products), its 
non-polluting nature and in a way the beneficial 
effect for health of people has been well-recognised. 
There is an increasing trend towards encouraging 
walk as a part of sustainable city development 
programmes in many countries. 

Thus walk travel is extremely important for 
Indian cities and must be planned for. Therefore, it 
is important that present proportions of walk trips in 
total person trips should be maintained or even 
increased through various measures. For effective 
pedestrian management, it is necessary to adopt 3-E 
approach covering engineering, education and 
enforcement measures. 

All primary and secondary roads in cities should 
be provided with adequately wide sidewalks on 
both sides as recommended by Indian Roads 
Congress. In central areas, even wider sidewalks 
should be provided. Sidewalks are necessary even at 
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the cost of carriageways in busy areas. These 
sidewalks should be kept free of encroachments to 
provide conducive environment for pedestrians. 
Sidewalks should be continuous and not broken at 
entry to properties. The access to properties should 
be given by ramping the sidewalk on either side. 
Sidewalks should be free of obstructions such as 
electric and telephone poles, junction boxes and 
transformers. Wherever provision of such 
equipment is inescapable, the remaining width 
available should be adequate for unhindered flow of 
pedestrians. Safety of pedestrians should be ensured 
by providing adequate infrastructure like railings, 
zebra crossings, separate pedestrian phase in traffic 
signals at intersections, etc. 

Encroachments on sidewalks being a major 
issue, particular action for removing these 
encroachments by enforcement should be taken. Re- 
location of existing hawkers can be made on one 
time basis by creating centralised markets away 
from major roads for each zone. These facilities 
should be easily accessible and be kept tidy so that 
these can attract customers who patronise sidewalk 
hawkers. 

Roads with high volume of pedestrians should 
be pedestrianised and vehicular traffic banned. 
Pedestrian subways / footbridges should only be 
provided aRer careh1 study of road network as well 
as vehicular and pedestrian movement 
characteristics. However, efforts should be to keep 
pedestrians at ground level as far as possible. 

Even greater attention needs to be paid to hilly, 
industrial and pilgrimage cities and facilities for 
pedestrians provided liberally. In hilly towns, 
difference in ground levels is a major problem. 
Facilities such as elevators, escalators and cable 
cars should be provided at required locations in 
these towns. 

An action plan should be drawn up to provide 
such facilities by classifying facilities according 
hierarchy of roads and estimated pedestrian traffic. 

The traffic sense amongst pedestrians is also not 
adequate to cope up with the situation due to lack of 
traffic education and awareness. Thus there is a 
need for regular publicity campaigns to create 
traffic awareness and to inculcate a sense of 
discipline amongst pedestrians to obey traffic rules 
thereby increasing their safety. There are numerous 
methods for publicity campaign, some of which are 
listed below: 
(a) Traffic education by audio-visual programs 
(b) Display / telecast of specially designed slides I 

road safety films on TV and cinema halls 
(c) Film shows in different areas and schools 
(d) Erecting hoarding giving the information about 

accidents 
(e) Announcements I exhortations by traffic police 

on road discipline and behaviour at vintage 
points 

( f )  Traffic education by distribution of literature 
(g) Conduct of training programs for pedestrians 
(h) Organising group discussion / talk shows on TV 

(i) Organising regular traffic weeks 
(j) Constructing traffic training parks 

Machinery for traffic enforcement is traffic 
police. With expansion of cities and high growth of 
traffic, need to manage and monitor traffic more 
efficiently has become very essential. The situation 
is becoming unmanageable due to lack of adequate 
trained manpower. Traffic police personnel needs to 
be properly trained to undertake the task of effective 
traffic enforcement. 

Considering the significant impacts of land use 
distribution on the mobility requirements of people 
in a city, a long-term solution should be integrated 
land use transport planning. A mix of residential, 
commercial, educational, recreational and low- 
pollution industrial areas would improve access to 
education and employment opportunities, and 
reduce transport demand. In turn, this would also 
promote modes such as walk and bicycles. 

I Radio 

6 CONCLUSIONS 

(a) A significant part of transport demand in Indian 
cities is conducted by walk. 

(b) However, available facilities for this mode of 
travel are very meagre. 

(c) Involvement of pedestrians in road accidents is 
very high. 

(d) A large number of city dwellers will continue to 
depend on this mode as they cannot afford to 
own a motor vehicle. 

(e) Existing share of trips by walk should at least be 
maintained in cities of various sizes keeping in 
consideration the income levels, travel 
characteristics and the issue of sustainable 
transport development. 

( f )  Various facilities such as adequate sidewalks 
free of encroachments, pedestrian phase in 
traffic signals, pedestrianisation of streets, 
grade-separated pedestrian facilities, etc. should 
be provided to make their movement safe. 

(g) Traffic education and enforcement measures are 
also important in encouraging walk travel and 
making their movement safe. 
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ABSTRACT: The rapid growth of cities in Africa presents urban governments and urban transport planners 
and engineers with enormous challenges. How can adequate mobility be achieved for the entire population 
in a manner that is financially feasible for the government, affordable for the inhabitants from their available 
household budget, and acceptable with respect to the level of traffic accidents and environmental degradation 
that the traffic produces. And how can the provision of transport infrastructure create maximum value for 
money in stimulating the urban economy. This paper explores the potential of a type of urban transport 
infrastructure that has been almost completely neglected in African cities: walkways. 

&SUMEE: La croissance rapide de la population dans les villes Africaines prksente un defi enorme aux 
gouvernements et aux planificateurs et engbnieurs de transport. Comment Ctablir une mobilitC satisfaisante 
pour la population entikre? Et de faire ca d’une manikre qu’ a la fois peut 2tre finande par le gouvernement, 
que leur budget permet aux voyageurs d’utiliser, et qu’ est acceptable en vue du dCtruit de l’environnement 
nature1 quelle cause (bruit, air pourri). Et comment iichever “valeur pour monnaie” en termes de stimulation 
de 1’Cconomie urbaine? Cette communication explore le potentiel d’ une type d’infrastructure de transport 
urbain trks nCgligCe en Afrique en ce moment: trottoirs et sentiers pour piCton(ne)s. 

RESUMEN: El crecimiento rapido de las ciudades en Africa presenta un desafio inmenso a 10s municipali- 
dades, 10s ingenieros y a 10s planificadores de transporte. Como se puede establecer un mobilidad satisfecho 
para la poblacion de tal mod0 que el gobierno 10 puede financiar, 10s habitantes 10 pueden pagar dentro de su 
presupuesto domestico, y acceptable con respeto al nivel de accidentes y degradacion ambiental? Y de que 
mod0 la provision de transporte puede producir el valor maximo con respeto a la estimulacion de la 
economia urban? Este papel investiga la potencial de un tipo de infraestructura de tranporte urban que casi 
completamente ha sido desquidado en las ciudades African: pietonales. 

1. INTRODUCTION 

Stagnating urban economies. The economies of 
many cities in Afnca have during the last decade 
been stagnant. The internal urban market does not 
diversify and grow, faster than the population. 
Why not? The number of obvious urgent problems 
that must be addressed and can be tackled with the 
local expertise, money, skills and labour force, is 
significant. Why is that not happening widely? 

The causes for the stagnation form a complicated 
knot, in whch the low efficiency and labour pro- 
ductivity of the internal market are key elements. 
Among the reasons for low productivity, the 
highly constrained mobility seems to play an im- 
portant role. Evidence from e.g. Nairobi and Dar 
es Salaam indicates that lower-middle and low 
income households spend as much as 20-30 % of 
their household income on daily transport, mainly 

bus fares, and yet the household members walk 
half their trips, and are unable to make more than 
2.0-2.5 one-way trips per day. Low mobility, too 
expensive and tiresome access to employment, to 
social contacts (family, friends) and to shops, low 
productivity in official and informal jobs and low 
income, are all part of a cluster of negative factors. 

Livelihoods. Initially developed to research rural 
communities, the livelihoods model (DFID, 1998) 
is a useful tool to support a better understanding of 
urban mobility problems. The livelihood model 
describes a community as a productive unit, with 
its assets, profit and loss account, “vulnerability” 
context and management arrangements. This 
facilitates putting transport and mobility in proper 
perspective: transport is a cost factor on the profit 
and loss account, requiring part of a communities 
financial as well as time budget. Mobility is the 
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factor that determines the physical limits to which 
natural and physical assets are accessible, and 
within which the available human capital can be 
“marketed” -get engaged in productive activity. 

In an urban environment, important “natural” 
assets within reach of a person are (i) the diversity 
of the supply of goods and services that the city 
offers, and (ii) -in as much some is still left- quiet, 
clean air, clean water, and tree cover, to enjoy, rest 
and maintain a better health. The most important 
physical assets are the urban infrastructure and the 
building stock, social assets the safety net of 
personal relations. The actual value of these assets 
is reduced the more difficult it is to access them, 
l.ike the present value of future benefits or costs is 
their nominal value discounted by the opportunity 
cost of capital (the interest rate). More simply: the 
asset value of a an income earning opportunity, a 
social contact or a health clinic that is three hours 
or 40% of a daily wage away is less than that of 
one 30 minutes or 10% of a daily wage away. 

Mobility strategies. If mobility is very constrained 
as a result of unaffordable transport costs, the two 
logical strategies are (i) to aim at a reduction of the 
distances that need to be travelled, and (ii) attempt 
to reduce the cost per tripkm by either a more 
efficient use of the same mode of transport, or by 
reverting to a cheaper mode of transport (cheap: 
total cost, including value of time). 

However, in most urban areas in the developing 
world the opposite happens: trip distances grow, 
the costs of motorized modes of transport (MT) 
increase, and the shift is away from the cheapest 
modes of transport (cycling and wallung), because 
those are increasingly dangerous, and face an in- 
creasing lack of road space. This is a worrying 
development which threatens to further undermine 
the econonic base of already weak urban 
economies. A comparable development in South- 
East Asia, in Chinese cities in particular, may well 
hurt their economies, that were so successful in the 
past two decades, while having extremely efficient 
low-costhigh-performance urban transport 
systems based on massive cycling (often still 
dominant at this moment). 

The hard reality of severe mobility constraints 
is felt by many Africans in urban areas. Due to the 
lack of infrastructure that enables convenient and 
safe trips on foot and bicycle, many inhabitants are 
condemned to live within a small “action radius” 
dictated by wallung on bad earth tracks, dangerous 
road shoulders and wallung routes with sometimes 
long detours. The assumption that city dwellers 
would have the “comparative advantage” over the 
rural population of the variety of supply of goods, 
services, employment and schooling opportunities 
that a large urban area offers is not true for many 
of them: they are immobilized in remote slums. 

Urban road infrastructure construction. Although 
in many policy documents a lot of emphasis has 
been placed on improved traffic management as the 
obvious instrument to reduce urban traffic 
problems (Worldbank, 1986), in practice the most 
widely applied and most influential urban transport 
policy instrument has simply remained the 
construction of new roads (Gakenheimer, 1999), 
usually equated to MT roads, with marginal 
attention for other roadusers. In addition, in most 
cases the roads were designed for mixed use by 
cars, buses and trucks. Dedicated road 
infrastructure for public transport (busways) in 
Africa is rare (Allport, 1998). It is not useful to 
generalize about the level of success of such road 
construc-tion in catering for the transport needs. 
However, from an overview of the present 
performance of the transport systems in large cities 
in Africa, the impression arises of increasingly 
unmanageable problems, and of severe mobility 
differences between different income groups. 

One of the reasons why the positive impacts of 
many road construction projects on the bulk of the 
urban (poor) population have been disappointing, 
appears to be that it was seldom figured out in 
detail what types of mobility and access 
improvement would create the highest benefits for 
the poor. Safe roadway capacity for the low-cost 
modes of urban transport (walking and cycling) 
has been notoriously overlooked. Strange? Yes, 
because in many cases more than half of all trips 
are entirely on foot. Yet, neighbourhood walkway 
infrastructure often hardly exists and pedestrian 
trips are uncomfortable and inefficient. Surprising? 
No, because the mental map of transport experts 
and decision makers both in African countries and 
in international agencies has for a long time been 
that urban transport in Africa would, could and 
should develop towards the British, French or 
North-American model of increasing private car 
orientation. And mental maps are only changing 
gradually (Gakenheimer, 1999). 

Micro business location factors. Inside most large 
residential areas in African cities it is difficult to 
move around efficiently. Typically, pedestrian 
routes have a bad pavement, are difficult to pass 
during periods of rain, and are missing at 
important spots. Road infrastructure that enables 
cycling often does not exist at all. 

To operate viable micro- and small businesses 
(small shops, repair workshops etc.) inside these 
areas is difficult because of the low visibility and 
accessibility of their locations to potential clients. 
Their market is limited to the those living very 
nearby. Attractive “road frontage” locations for 
small. businesses are scarce. If, as a result of the 
adverse locational conditions the internal economic 
product of an area remains low, the number of 
expensive long distance trips goes up and savings 
that could be used productively down. 
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Mobility and gender. Many of the poorest house- 
holds are female (single-)headed. This has a big 
impact on their time budgets and the acuteness of 
mobility constraints. Good mobility policies must 
take that into account. For women, convenient and 
safe walking routes in the immediate surroundings 
of the house are very important. 

Environmental damage caused by traflc. The 
mobility problems of the poor and their 
improvement relate strongly to the efficient use of 
the cheapest modes of transport and to trip distance 
minimizing strategies. Both these strategies also 
have the effect of reducing the environmental 
damage created by traffic. Walkmg and cycling 
hardly create noise and air pollution problems. 

Since the problems of environmental degradation 
affect all population groups -not only the poorest-, 
and even have global consequences, the platform 
of support for transport policies to reduce the 
negative environmental impacts of traffic is 
broader and more powerful than the one primarily 
concerned with better mobility and more mobility 
equity for the low-income population. A broad 
understanding among transport experts and policy 
makers that environmental transport policies and 
mass-mobility and local economy stimulating 
transport policies can be made to overlap to a large 
extent, will hopefully contribute to the long 
overdue land-slide in transport policy thinlung and 
choices in cities in Africa. 

2. WALKWAYS AS INSTRUMENT TO 
(E-) VITALISE URBAN AREAS 

If it is true that the two most promising transport 
strategies for large cities in Africa are (i) to control 
the increase of trip distances and (ii) to enable 
efficient and effective use of walking and cycling, 
what interventions can be used to implement them? 
Or, assuming more uncertainty about the promises 
of different urban transport strategies, if signifi- 
cantly different transport strategies must be tested 
to find out their merits, how can a proper test with 
strategies to minimize trip distance and optimize 
walking/ cycling be designed and implemented? 

Recent urban mobility pilot projects in East Africa, 
in the World Bank’s Sub Saharan Africa Transport 
Programme (de Langen, 1999), show a large 
majority of all urban trips of up to 5 km long being 
made on foot (in some medium-size cities also by 
bicycle). The cost of bus transport and the 
available travel time budget dictate this modal 
choice, and the related trip distance limitation. In 
the pilot projects it was possible to test the effect of 
improvement of walk- and cycle-infrastructure at a 
small scale. The tests show that improving 
pedestrian routes and con-structing short “missing 

NMT links” significantly improves pedestrian 
safety and mobility. Analysis of the costs and 
benefits of walkways in low-income residential 
areas shows that the break-even traffic that justifies 
paving with concrete bricks or slabs lies at an ADT 
of 800-1200 (pedestrians per day; 1.5m wide 
track, capacity of 500hour; de Langen, 1999). 
Many routes carry much higher pedestrian 
volumes. “NMT-only” routes also turn out to be 
attractive locations for micro businesses, due to the 
high number of potential clients using them. 

Employment generation. The construction of 
walkways does not only in most cases have a high 
financial B/C ratio. Their construction has a high 
labour and materials cost component. Typically 
local labour costs are up to 2530% and materials 
up to 5560%.  This means that the economic cost 
of construction is much lower than the frnancial 
cost, and that construction of walkways can be 
used well as an economic recovery programme. 

Labour based infrastructure programmes are im- 
plemented successfully on a large scale now in the 
RSA (McCutheon, 1998), but with a focus on h4T 
roads (i.e. missing the transport strategy part). 

Economic policies of this type, which date back 
from the period of the great recession in the US 
and Europe in the 1930’s, have not been popular 
among economic advisors recently. However, 
there is little indication that their preference for 
monetary policies has been advantageous for the 
bulk of the urban populations in Africa either. In 
general, the economic fortunes of countries in 
Africa appear to have improved most where labour 
participation goes up and internal markets grow. 

The remaining part of the paper documents a 
number of small scale tests along the lines 
sketched above. The tests have been summarized 
here very briefly in a narrative manner, full 
information can be found in de Langen (1999). 

3. EXAMPLE I ,  
UNOBSTRUCTED WALKWAY 

Intervention. A narrow side-street in the town 
center of Morogoro (Tanzania, popul. 200,000) 
opposite the intercity bus station, is an important 
pedestrian shortcut. The intervention that was 
tested consisted of: (i) pedestrianizing the side 
street, and paving it (slabs pavement), and (ii) 
constructing a raised zebra crossing on the main 
road opposite to it, to prioritize pedestrians on this 
route, and (iii) eliminating parking on the walkway 
by. placing bollards, and (iv) allocating demarcated 
areas in the side street where street traders could be 
accepted. Total investment costs: 4,500 USD. 
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Previous conditions. Before the intervention the 
side street was unpaved, often blocked by parked 
vehicles and petty traders and difficult to pass on 
foot during the rainy season. No facilities allowed 
safe pedestrian crossing. The pedestrian crossing 
volume near this spot is 7300 (from 7.00AM- 
19.00PM), the maximum motor vehicle flow along 
the road is 870 vewhr. The estimated speed of the 
vehicles, v(85%), was 43 km/hr. Modal split: 
Walk Cycle (mini)Bus Car Truck Total 

40 36 2 7 12 100% 
(in counting units, excluding vehicle occupancy) 

Problems. Inefficient (slow) pedestrian movement. 
Significant traffic accident hazards, in particular 
for pedestrians that cross or walk on the carriage- 
way; non-fatal accidents happen regularly. The 
wallung route through the side street is often not 
accessible, forcing pedestrians to make a detour. 

Objectives. Enable unobstructed walking on the 
walkways along the main road and through the 
short-cut route, and eliminate pedestrian walking 
on the carriageway. Create safe traffic conditions 
for pedestrians. 

EfJects. The route functions well. The MT speed 
went down to 16 km/hr at the raised zebra spot. 
Pcdestrians now move on the walkways, without 
the need to walk on the carriageway. Road safety 
athear this spot has been restored, no accidents 
were reported in the year after implementation. 

4. EXAMPLE 2: WALKWAY IMPROVEMENT 
ALONG A ROAD CORRIDOR 

Often, the speed, convenience and safety of 
walking trips in African cities strongly depends on 
the difficulties encountered at a limited number of 
spots. Examples of difficult spots are bus and taxi 
stops, fuel stations, open drains and other spots 
that can only be crossed via the carriageway, and 
open road shoulders. Often there is no need for 
expensive reconstruction of an entire route, after 
the main problems have been removed. 

Intervention. A wallung-route improvement pack- 
age tested in Morogoro consisted of (i) con- 
struction of a walkway along the regional hospital 
compound, separated from the taxi and bus stands 
(flower beds with low masonry walls were used as 
part of the separation), (ii) walkway reconstruction 
past a fuel station, (iii) reconstruction of a Y- 
junction to T-shape, (iv) construction of 3 traffic 
calming spots to improve road safety, one in front 
of the hospital (speed humps) and two at inter- 
sections (narrowing with bicycle slips), and (v) 
construction of four pedestrian bridges over small 
streams (open side drains), and (vi) spot impro- 

vements to the walkway pavement (mostly 
Compacted earth, filling and compacting). 

Total costs US$ 18,000 (12,000 of it for the 
pedestrian bridges and drairdculvert repairs. 

Previous conditions. T h s  road is one of the most 
important pedestrian routes in Morogoro, linlung 
residential areas to the city center. The pedestrian 
ADT reaches 10,000/day where the road enters the 
town center. The local soil is of reasonable quality. 
Shaped properly, compacted and not damaged by 
parked vehicles, an earth track remains accessible 
during rains. Apart from walking, the traffic on the 
road is a mixture of motorvehicles (k 40% of all 
vehicles) and bicycles (k 60% of all vehicles). The 
bitumen carriageway is 8-10 meter wide and of 
“fair” pavement quality. Total improved walkway 
section length: 900 m. 

Problems. Low average wallung speed due to 
many obstacles. Traffic accident hazards, resulting 
from walking on the carriageway, too high vehicle 
speeds (v(85) 50 km/hr) and no safe crossings. 

Objective. Enable a safe and convenient wallung 
route along this road. 

Eflects. The improvement of the walkway was 
very positively received by the public, pedestrians 
as well as other road users. It was interesting to 
note that “fine-tuning” of the first round of 
improvement (including extra pavement repairs, 
protective concrete bollard and walkway re- 
alignment at one place) greatly increased the public 
appreciation. The devil is in the details! 

Costs and benefits. The capital costs of the invest- 
ment are 2,400 USD per year; the estimated 
walkway maintenance costs are 1,800 USD/year. 
The absence of pedestrian crossings over side- 
streams at two intersections significantly reduced 
their capacity (pedestrians on the carriageway). 
The average walhng-time gain on the improved 
route is 4 m i n u t e s h .  The value of time used is 
0.1 U S D h  ( = O S * i O %  of a miminum unslulled 
daily wage). The pedestrian ADT is 8,000, so the 
benefiuyear 14,400 USD. This gives a B/C ratio 
of 3.4, based on increased wallung speed only. 
T h s  B/C ratio excludes benefits from accident risk 
reduction and intersection capacity increases. The 
dlfference between benefits and costs is so large, 
that an intervention like this should have a high 
priority in any municipal road maintenance plan. 

5. EXAMPLE 3: PEDESTRIAN ROUTE 
NETWORK DEVELOPMENT 

Intervention. This intervention consists of the con- 
struction of a pedestrian route to a new market (+ 
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500 meter track, this section connects with another 
one, along which improvements were also made). 
Part of the track is paved with slabs, part is 
compacted gravel. One section is without is h4” 
crossing: one access road along the market was 
converted into a dead-end road. Drains were 
constructed as part of the intervention, and the lLlT 
carriageway improved (gravel standard). 

The intervention was prepared with intensive 
user participation, including explicit debate and 
decision malung concerning perceived conflicts of 
interests between pedestrian road users and 
motorvehicle road users. 

Previous conditions. Most wallung routes have no 
official alignment and are unpaved. All access 
roads in Temeke that can be used by motorvehicles 
are in bad condition. In the absence of strong 
enough pavements, MT and erosion have 
transformed the left-overs of roads into a sandy 
desert (with pools of stagnant water during the 
rains). The main pedestrian routes in the area do 
not follow the collector roads, but cross those at 
right angles, towards the central part of the ward, 
or the adjacent industrial area. 

Different people the area have conflicting 
interests. For example, some illegally occupy part 
of the roads with small structures or permanent 
parking, and see a municipal initiative to upgrade 
walking routes as a threat (it requires public land 
that they now use as their own). Others for their 
business depend on good accessibility for low- 
income customers on foot, and highly appreciate 
the improved w a1 kway s. 

Construction of pedestrian walkways in the area 
was not possible without proper drainage (re-)con- 
struction. Moreover, it is could not be durable 
unless the pavement of MT access is improved. 
Failure to do so will make pedestrian facilities so 
superior to MT roads that vehcles start driving on 
walkways, and destroy them quickly. No bollards 
or other obstacles could prevent that, they would 
be taken away, as experience showed in earlier 
tests with “pedestrianizing” interventions that were 
highly contested by MT users. 

Problems. Too much MT transit traffic uses roads 
in the central part of the ward as a “short-cut”. Due 
to the high pedestrian volume that is undesirable. 
Transit traffic should use the surrounding urban 
corridors. 

Objectives. The long term objective is to enable 
safe, direct and comfortable access on foot to the 
central part of the ward, from all residential neigh- 
bourhoods, as part of a good traffic solution for 
accessibility of the new market and its surrounding 
area. This intervention is only the first step. The 
plan should finally result in a pedestrianized core 
access network to the market from three sides, 

with a minimum number of NMT/MT crossing 
points, more efficient MT circulation on the 
collector roads around that the area, constraining 
minibus routes/stops to the collector roads, good 
MT access for freight traffic and to businesses in 
the central area (for supplies), concentrated MT 
parkings and no parhng along the collector roads. 

The immediate objective of the intervention was 
to demonstrate that a good NMT route from the 
unplanned parts at the back of the ward to the 
central area can be constructed at modest costs, 
and significantly improves the mobility of 
residents of those parts. 

Kfects. The immediate positive effect on the image 
olf the area surprised everyone, and created a very 
pcxitive response. This was reinforced by the fact 
thLat walkways, drains and improvements to the 
W I T  carriageway were combined, so benefits are 
fe:lt by all parties, including MT interests. The 
nilmber of daily users of the new walkways cannot 
bt? assessed properly at this moment, the market 
still has to come in full swing. Traffic counts di- 
rectly after opening of the walkways indicate 
pc:destrian ADT’s at different spots of 1- 4,000. 

With increasing trade in the market, parking 
pi ressure is increasing. One businessman already 
atlempted to take away separations that block 
pigking on the walkways (bollard, open drains), to 
cleate a “private” parking spot. The municipal 
authority had (has) to react quickly and decisively 
to such actions, to prevent that a small number of 
individuals significantly harm the public interest. 

Costs und benefits. Total costs: US$ 70,000 (of it: 
15,000 for walkways, 19,000 for MT carriageway 
reconstruction, and 38,000 for drains). This is a 
typical situation, without proper drainage, road 
improvements, whether walkway or carriageway, 
are short lived and a waste of money. Compared to 
the cost of drains, walkways are cheap (unit costs: 
walkway+blockage of MT entry: USD 5-12 /m2, 
depending on pavement type; stone-masonry drain: 
USD 40-70 /ml). 

The average travel time gain of a trip on foot 
using the new walkway is estimated at 4 min./km. 
Per pedestrian ADT of 1,000 this means a benefit 
of USD 2,000 per year. This implies that the 
break-even ADT for this 4.0 m wide walkway is 
2,600 (where paved with compacted murram) and 
3,200 with concrete slab pavement. The estimated 
peak capacity of a 4 meter wide walkway with bi- 
directional walhng and some disturbance by street 
trading is 2,000 pedestrians per hour (effective 
transit width 2.0 meter, speed 4-5 km, LOS 
“acceptable”, de Langen, 1999). This corresponds 
to an ADT of 12-15,000 per walkway (more than 
4 times the break-even ADT), and is compatible 
with approx. 20,000 daily visitors to the market 
area, after the market has been fully developed. 
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6. EXAMPLE 4: NMT-ONLY ROUTE 

Intervention. The intervention (in Eldoret, Kenya, 
250,000 inhabitants) consists of the construction 
of a NMT bridge over the summer bed of a river 
(reinforced concrete pillars and deck), construction 
of a paved connecting track into the town center 
and of an extra steel bridge (1=20m, w=1.5m) over 
the main river, and improvement of the track to the 
residential area side. And: establishment of a legal 
road reserve for the route. 

The intervention was selected by the “Eldoret 
Transport Committee”, consisting of represen- 
tatives of different neighbourhoods and roaduser 
groups in Eldoret. Constructing a NMT route at a 
spot llke this is not cheap, and at first decision 
makers assumed that such an investment in “only 
an NMT route” is a waste of money. However, 
benefitkost calculations show that this is in fact a 
very sound investment. 

Previous conditions, problems. The route in this 
example already existed. It is the shortest one 
between a new low-income neighbourhood and the 
center of the town. In the early 1990’s, a 1.5 m 
wide foot-bridge over the main riverbed was 
constructed, but the route was still difficult to use 
or impassable during the rainy season. The 
pavement of the route was in very bad condition. 

Objectives. To create a good direct all-weather 
NMT-only route from the south towards the town 
center, that can be used by pedestrians as well as 
by cyclists and carts. And also: to establish a legal 
right of way for the route, to prevent that later, 
with increasing densification of land use the route 
might become blocked by private building 
developments. This danger is not hypothetical, as 
recent examples in Eldoret have shown. 

Effects. Opening of the new “Sosiani causeway” 
NMT route was widely appreciated, by the users 
of the route as well as by Eldoret inhabitants in 
general. The improved attractiveness of the route 
has started to influence the land-use. It will be 
important to protect the route against its own 
success: encroachment of kiosks and street traders 
on the main track must be prevented. The example 
has a positive impact on public opinion, in favor of 
investment in walkways, cycle tracks, crossings, 
and NMT-only routes. 

The initial increase in bicycles on the route is 
from 100/day to 400/day. The development of the 
number of pedestrians using the route (ADT 
around 6,000) has to be analysed over a longer 
period of time, before conclusions can be drawn. 

Costs and benefits. The total cost of the inter- 
vention (300m route pavement, 3.5cm premix, 
gravel base, bridge) were USD 43,000. Total 

annual costs per year (maintenance plus capital) are 
USD 7,100. Estimated benefits are: 
(a) Pedestrians: gain in travel time USD 15,OOO/y 
(ADT 6,000, average time gain 5 midtrip); 
(b) Cyclists, cost savings of for existing bicycle 
traffic 0.015 USD/trip; for modal shift walk-to- 
cycle 0.12 USD/day (composed of higher direct 
costs for the bicycle and a -much larger- saving in 
value of travel time); for modal shift minibus-to- 
cycle a cost saving of 0.23 USD/day (round-trip). 
After opening of the new route bicycle ADT went 
up from 100 to 400. Since bicycle traffic on other 
river crossing routes did not go down, the 300 
represent a growth of traffic or a modal shift. Total 
saving for bicycle traffic: USD 14,000 /year. A 
further increase can be expected. 
(c) Increased land value for street trading, along 
the city-side part, is estimated at 2,000 USD/year. 
The reduced risk of accidents for trips re-routed 
via this NMT route has not been considered. 

The estimated total B/C ratio is 4.4 (a+b+c). This 
is high. It means that the investment in the route 
will be gained back after only one and a half year. 
The conclusion is that it is a sound economic 
policy to invest heavily in direct and safe NMT- 
only routes, on newly established road reserves, 
unrelated to the existing MT road network. 

One observation: the same profitability (pay 
back period of 1-2 year) is widely reported for the 
informal minibus industry. There is a clear relation 
between the high profitability of that industry and 
the captiveness of the public to the minibuses, 
whch has at least in part be caused by the absence 
of proper pedestrian and cycle route networks and 
traffic safety. Immediately the question arises: if 
this type of NMT investment is so beneficial, why 
has it not been made a long time ago? 

The answer is simple, but its consequences not 
easy to alter: the difference between beneficial and 
profitable. In the case of the minibus industry, the 
benefits come to whom invests (or controls the 
buses). In the case of municipal investment, the 
benefit goes to the low-income population and 
cannot be charged for. So how to get it  financed? 

7. CONCLUSION 

It appears that there is a sound case for re-thmlung 
African urban transport policies, and for full-scale 
testing of urban transport re-orientation strategies 
that focus on: 
(i) enhancing the efficiency of local urban markets 
by improving the ease of trips on foot , and 
(ii) a shift to low-cost modes of transport 
(walking, cycling), 
(iii) creating a local employment impulse through 
employment intensive infrastructure construction. 
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Based on the findings of the tests reported in the 
paragraphs above, the paper concludes: 

a programme of walkway improvements has a 
great potential to enhance the mobility in, and 
economic activity o j  low-income urban areas, 
and can be an important ingredient of urban 
economic recovery policies in Africa. 

Full scale tests of such programmes are strongly 
recommended (in big city districts of 200-300,000 
inhabitants and in entire medium size towns). 

The size of the paper does not allow to also discuss the 
potential contribution of urban cycling. The recommen- 
dation to start a re-orientation of urban transport strategies 
in Africa with walkway programmes is based on the 
conclusion drawn from the pilot projects mentioned above 
that effective urban cycling policies are only feasible after 
urban walking has been taken care of properly (not 
explained in this paper, see de Langen, 1999). 
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ABSTRACT: Guadalajara ‘s public transport is a dangerous, unreliable and environmentally unfriendly sys- 
tem, implemented and maintained as problems occur (ad-hoc). The problems lie not in the capacity of the sys- 
tem, rather in the poor quality. If we wish to prevent Guadalajara from having the same chaotic experience 
(pollution, congestion, accidents) as its older sister, Mexico city, public transport ,must become more inte, 
grated into the developing urban landscape and more friendly for its users and the environment. This research 
is a distillation of critical success factors for public transport planning, camed out within three case studies 
from diverse cultural context (Westcorridor Connecting-line, Eindhoven. Jubilee Line Extension, London. Bi- 
articulated bus, Curitiba). These critical success factors when taken together form an integrated planning 
package, which could be seen as a recommendation for decision-makers in Guadalajara. It is hope this con- 
cept will persuade decision-makers to carryout a more inclusive planning process for public transport to avoid 
unwanted situations in the future. 

RESUME: Le transport public de la ville de Guadalajara est un systeme dangereux, instable, et peu favorable 
pour l’environnernent qui a et6 impleniente et maintenu au fur et a mesure que les problkmes se prksentent (ad 
hoc). Les problkmes ne resident pas dans la capacitk du systeme mais dans sa pauvre qualitk. Si on veut pre- 
voir que Guadalajara ait la mCnie experience chaotique (pollution, congestion, accidents) que sa grande soeur, 
la ville de Mexico, le transpot public doit Stre plus integre au developpement urbain et devra 6tre plus amical 
avec les usagers directes et avec l’environnement. Cette recherche est une distillation des facteurs critiques 
clks de la planification du transport public; deroulee dans trois etudes de cas avec divers contextes culturels 
(Westcomdor Connecting-line, Eindhoven. Jubilee Line Extension, Londres. Bi-articulated bus, Curitiba). 
Quand ces facteurs critiques cles sont combines, forment un paquet de planification integrale qui pourrait etre 
considkrk comme une recommandation pour les leaders de decision a Guadalajara. On espke que cette pensee 
persuade ces leaders de dkcision pour dkrouler un proces inttgral de planification plus inclusif et kviter des 
situations indksirables au futur. 

RESUMEN: El transporte p6blico en la ciudad de Guadalajara es un sistema peligroso, inestable, y poco fa- 
vorable para el medio ambiente que ha sido implementado y mantenido conforme 10s problemas van presen- 
tandose (ad hoc). Los problemas no radican en la capacidad del sistema, sino en su pobre calidad. Si desea- 
mos prevenir que Guadalajara tenga la misma experiencia ca6tica (contaminacion, congestionamiento, 
accidentes) que su hermana mayor la ciudad de Mexico, el transporte pliblico debera de estar mas integrado a1 
desarrollo urban0 y deberi de ser mas amistoso con 10s usuarios directos y el medio ambiente. Esta investiga- 
cion es una destilacion de 10s factores criticos claves de la planificacibn del transporte publico; llevada a cab0 
dentro de tres estudios de casos con diversos contextos culturales (Westcorridor Connecting-line, Eindhoven. 
Jubilee Line Extension, Londres. Bi-articulated bus, Curitiba). Cuando estos factores cnticos claves son com- 
binados, forman un paquete de planificacion integral que podna ser considerado como una recomendacion pa- 
ra 10s lideres de decision en Guadalajara. Se espera que este concept0 persuada a 10s lideres de decision a Ile- 
var a cab0 un proceso nias inclusivo de planificacion integral, para asi evitar situaciones indeseables en el 
fu turo. 
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1 INTRODUCTION 

This research was carried out as the topic of a Mas- 
ter degree in design research at the Design Academy 
Eindhoven, The Netherlands. It began in September 
97 and it was concluded in July 1999. The research 
was sponsored by CONACYT (Consejo Nacional de 
Ciencia y Tecnologia), which is a Mexican institu- 
tion that undertake scientific research and supports 
research activities, which deemed valuable for the 
development of Mexico. The project was also sup- 
ported by CEIT (Centro Estatal de Investigacibn del 
Transporte) with valuable information about the 
public transport condition of the city of Guadalajara. 

The research focuses in the problems of public 
transport in the city of Guadalajara, Mexico. Since 
the 1970’s public transport in Guadalajara has been 
one of the principle challenges and a focus for ac- 
tion. Current estiniates suggest that at least 70% of 
the population in the metropolitan area (2.2 million 
people) use some form of public transportation. 
(Morales &i Ruiz 1997) The urban sprawl that increases 
the extension of the city creates further points of in- 
teraction (work, education, leisure, culture, shop- 
ping) which demands complex transportation sys- 
tems. Guadalajara ‘s public transport system has 
become a dangerous, unreliable and environmentally 
unfriendly system, having been implemented and 
maintained (ad-hoc) as problems occur. (Romero 1995) 
The problems, therefore, lie not in the passenger ca- 
pacity of the system, but rather in its poor quality 
that doesn’t meet at all the real requirements of the 
users (safety, reliability, comfort, and accessibility) 
and the environment. 

Since the beginning, the research project was ad- 
vised by experts from many different disciplines: in- 
dustrial designers, urban planners, traffic engineers, 
sociologists, transport planners and environmental- 
ists. They all agreed that in order to increase the 
quality of public transport in a city, first of all, a 
functioning system has to be consolidated in order to 
allow integrated solutions to be usefkl to the prob- 
lems of public transport. One can conclude that im- 
proved products, as important as they are, can only 
be useful within a functioning system. 

It is assume that if we wish to prevent Guadala- 
jara from having the same chaotic experience (pollu- 
tion, congestion, accidents) as its older brother, 
Mexico city, planning public transport must become 
more integrated into the developing urban land- 
scape, user needs and environmental demands. Iso- 
lated proposals (or products), even the best of them, 
applied to a system with deep flaws, function at best 
as a palliative and at worst as a distraction, having a 
limited application at a high social, economic and 
environmental cost. 

From these premises, it was decided to investigate 
the planning processes of specific public transport 
projects in order to identify the critical success fac- 
tors that have a positive (social, economic and envi- 
ronmental) impact in the final restilts for public 
transport. Accordingly with the time and scale of the 
project, three specific projects were chosen as can- 
didates to create three case studies. These case stud- 
ies provided the information and examples from 
which conclusions from a comparative analysis led 
the author to the creation of an integrated planning 
package. 

As a conceptual exercise, a, possible application 
of an integrated planning process has been created as 
a desirable scenario. The scenario describes the 
planning process of a specific project in the city of 
Guadalajara “The Chapala Corridor Line”. It is hope 
the scenario will be helpful to embody and commu- 
nicate the benefits of an integrated planning process 
on public transport and will persuade decision- 
makers to consider integrated developments for the 
near future. 

2 CASE STUDIES 

The case studies were chosen as examples due to 
their high degree of integration (different disci- 
plines, different aspects of urban life, different 
brganizations etc.) during the planning process. The 
Westcorridor Connecting-line, Eindhoven, The 
Netherlands; The Jubilee Line Extension, London, 
United Kingdom and; The Bi-articulated bus, Cu- 
ritiba, Brazil. These projects were chosen according 
to the following criteria. a) Each of the projects clai- 
med to have an integrated planning process, b) each 
project was a well-documented process with 
planners willing to share their experience and 
knowledge, c) each of the projects was developed in 
variety of cultural environments, organizational 
structures and physical settings in order to aIlow 
comparable diversity. 

Each of the case studies has been fidly docu- 
mented in order describe the planning process thus 
facilitate a comparative analysis. These descriptions 
are included in the complete version of the research 
document, which can be consulted through the re- 
search’s web-site: 
www.designacademy.nl/publictransport/index.html 

3 INTEGRATED PLANNING PACKAGE 
(CRITICAL SUCCESS FACTORS) 

The result of the research is the lessons learned fiom 
three case studies. These lessons were translated as 
an “integrated planning package for public trans- 
port” composed of “critical success factors”. These 
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factors derived from the investigation and compara- 
tive analysis of three innovative projects in public 
transport had indeed a major impact in the success 
of the complete projects. The case studies provide 
ample evidence of the efficacy and advantages of 
these critical success factors and useful examples of 
how best to use them. A major conclusion drawn 
from this research is that the critical success factors 
work best in combination as an integrated and com- 
prehensive planning package. 

The eight critical success factors that follow can 
therefore be seen as the recommended components 
(for decision-makers such as politics, urban plan- 
ners, transport planners, designers, private develop- 
ers, and transport enterprises) of an integrated plan- 
ning process for public transport, which taken 
together form a comprehensive planning package. 
This package, if adopted and tested by cities with a 
less integrated planning process, can be expected to 
improve the quality of public transportation in so- 
cial, economic, and environmental terms. 

3 -1 Political decisions as thejirst step ofpublic 
transport developments 

It was found that in all three case studies a political 
decision has been a determining factor in order to 
support the developments of public transport. It 
seems unlikely that without political support favor- 
ing public transport it would be possible to carry out 
an integrated planning process. Political decisions 
must, therefore, be considered as the first step in an 
integratedpublic transport planning process. 

In Eindhoven, the national Ministry of Transport 
strongly supported the development of specific pro- 
jects in public transport, in order to overcome a 
critical situation of road overcrowding in the Nether- 
lands. Consequently, the City Development of Eind- 
hoven, together with other cities in the Southeastern 
Brabant region, organized a traffic and public trans- 
port workshop in order to outline alternatives to im- 
prove the quality in public transport in specific cit- 
ies. The HOV bus network in the city of Eindhoven 
grew directly from these regional workshops (Splint 
1998). 

In Curitiba, the initial political decision favonng 
public transportation, which is reflected in the choi- 
ce  of a Master Plan, was further enhanced by a 
unique situation in which planners from the munici- 
pal planning department became governing politi- 
cians (Mews 1999). This created an optimum situation 
for public transport where the political power was 
combined with both the will and the knowledge to 
prepare and approve specific plans for public trans- 
port. As a result, public transport projects in Curitiba 
have demonstrated an unusually clear direction over 
25 years of continuous evolution (Rabinositch 1996). 

3.2 “Ceiztrai Pianrzing Aufhosity ” 012 essential 
element for integrated public tramportation. 

A Central Planning Authority functions as the or- 
ganizational entity where all the various issues of 
urban life can be taken into account. In order to be 
effective, a central planning authority requires three 
important aspects: 1. Centrality, which includes the 
participation of an inter-disciplinary team able to 
analyze and make use of diverse information. 2. Au- 
thority with sufficient power to cany out the deci- 
sions it makes. 3. Respect from the political parties 
to allow continuity to long term projects, which are 
necessary for public transport developments. 

In Eindhoven, the City Development is a highly 
integrated and well organized Municipal authority 
which includes within itself departments of transpor- 
tation, traffic, land-use, economic, housing, and fi- 
nances. The City Development in Eindhoven 
stresses open and fiequent communication from the 
different departments before moving forward with 
the plans. As a result, the Westcomdor Connecting- 
line project will be more than just an effective public 
transport system; it is expected, the project will pro- 
vide benefits to the city of Eindhoven in many facets 
of urban life: economic, social and cultural (Splint 
1998). 

3.3 Dynamic relationship between land-use and 

The land-use activities and public transport relation- 
ship is a dynamic process that can be broken into 
two parts. One is the influence that land-use activi- 
ties have over public transport facilities, the other is 
the impacts that public transport causes to land-use 
activities. In the first instance, this relationship takes 
into account the allocation of land use activities 
(housing, industiy, commercial, public space) to de- 
termine the type of transportation that will be re- 
quired in a specific area in development. The second 
part of this relationship, which has been less devel- 
oped, recognizes that there is a dynamic influence 
between the public transportation choices that are 
made today, and the impact that public transport in- 
vestments will have on land-use activities in the fu- 
ture. In order to make decisions on public transport; 
planners must consider the allocation of land-use ac- 
tivities to accurately determine transportation needs. 
Additionally, i t  has been observed that public trans- 
port investments have had strong impact on future 
land-use activities. The evidence of the case studies 
points to the conclusion that a better understanding 
of this dynamic relationship will lead to: 1 hiiproved 
opportunities to predict where future transportation- 
needs will lie, allowing for better long terni plan- 
ning. 2 Increased opportunities to organize and di- 
rect urban growth through public transport to “grow 
the city”. 3 A more flexible public transport systems, 

public transport 
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better able to respond to a growing and changing ur- 
ban environment. 

Although all three case studies demonstrated the 
relationship between land-use and public transport, 
Curitiba is the most outstanding example of con- 
scious use of the dynamic interaction. In Curitiba, 
the revolutionary use of the structural axes both pre- 
dicted and directed the growth of the city (Meurs 
1999). In addition, they implemented a phased and 
flexible system able to respond quickly to popula- 
tion growth or attrition and unusually easy to up- 
grade. One can conclude, the success of these strate- 
gies has resulted in a public transportation system 
that takes people where people want to go quickly, 
efficiently and safely. 

3.4 Quantitative Analysis: a necessary but limited 
tool 

The quantitative analysis is a mathematical planning 
model that is used to analyze large amounts of hard 
data to determine the origin, destination, frequency 
and volume of passengers in a specific area. The 
model is based on the use of quantitative informa- 
tion such as: population distribution and travel pat- 
terns, which are determined by the allocation of 
land-use activities and development policies. 

Quantitative analysis is a useful and necessary 
tool to determine present and future transportation. 
However, it is a static tool with no power to predict 
developing changes in the urban landscape (Willis 
1998) nor to improve the qualitative aspects of the 
transportation system that the end-users requires. 
Therefore, quantitative analysis must (necessary) be 
combined with other planning factors such as dy- 
namic land-use analysis, qualitative analysis of the 
user’s behavior and analysis of critical barriers to the 
use of public transport. 

Although neither the planned residential nor 
commercial development in Eindhoven’s west area 
has yet been built, housing, economic development 
and road decisions have been made in concert with 
the Westcorridor Connecting-line. In addition, the 
HOV project is a phased and flexible one, capable of 
adapting to future needs (Splint 1998). In this type of 
integrated project, the use of quantitative methods 
and land-use activities allow the City Development 
of Eindhoven to determine the transport needs and to 
estimate future expansion of commercial and resi- 
dential areas. 

3.5 Parallel sti-citegy ‘push and piill ’’ incentives 

Push and pull incentives is a parallel strategy system 
of rewards and penalties designed to increase the use 
of public transport not only by providing incentives 

in the form of quality public transport, but also by 
discouraging the use of private cars within cities. 

Push incentives are provided through raising pri- 
ces in parking spaces, reducing situations in which 
traffic priorities are given to private-cars, restricting 
private-car access within certain areas in cities. Pull 
incentives are provided through increased quality of 
public transport, such as improved travel speed, 
accessibility and reliability, safety, comfort and im- 
proved usability. Some sort of push and pull incenti- 
ves have been used in all three case studies, although 
in some cases they were more clearly developed 
than in others. Push and pull incentives have only 
recently been considered an integral part of the ove- 
raI1 planning process; however, parallel strategies 
have proved to be a successful complement to the 
planning process of public transport. 

In Eindhoven, push and pull incentives were ta- 
ken into consideration at the theoretical planning 
phase in combination with other factors. The West- 
corridor Connecting-line will be a comfortable and 
convenient system that have priority over private 
cars (Splint 1998). At the same time, parking fees have 
been raised and the road system in Eindhoven has 
been modified in order to restrict the use of private 
cars within the city. Although it is too soon to con- 
firm the projections, the City Development of Eind- 
hoven assumes that this combination of push and 
pull will increase ridership over the next five years 
by 30%. 

3.6 Qualitative analysis: Representation of the end- 
users 

Qualitative analysis for public transport is an activ- 
ity that is used to determine physical and psycho- 
logical needs of end-users of public transport and 
their limitations and barriers to use public transport 
facilities. The aim of a qualitative analysis for public 
transport is to create requirements to specifjmg the 
needs of potential end-users and to establish a quali- 
tative monitoring system to evaluate and improve 
the usability of public transport facilities. This is a 
critical factor that has been identified as the least 
developed aspect of the planning process at the mu- 
nicipal planning on the three case studies. At the 
municipal planning, the end-user has been repre- 
sented through general information largely based on 
common sense assumptions and intuition. The end- 
user, i t  is assumed, wishes for a comfortable, safe, 
reliable, fast, convenient and inexpensive system. 
However, these criteria, while useful goals, are not 
specific enough to challenge the design vendors to 
create improved facilities that fully meet the qualita- 
tive standards that planners would like to see im- 
plemented. 
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Curitiba provides the best example of using an in- 
tuitive method that created qualitative requirements 
at an early stage of planning. Through comparing 
the advantages of several systems the planning 
committee established (early in the planning proc- 
ess) a specific set of qualitative requirements, (pro- 
tection from the weather, comfort, improved access 
and improved speed of loading) which resulted in 
the innovative solution of the Boarding Tubes and 
the Bi-articulated bus (Meurs 1999). 

At the designer desk the end-user is represented 
through generic guidelines and tables, which are 
based on general information concerning ergonom- 
ics, user capabilities and limitations, user behaviors, 
etc. (uostermann 1998). However, these specific re- 
quirements and criteria concerning qualitative as- 
pects have been left entirely to the discretion of de- 
sign vendors (in the case of developing countries). 

The HOV bus concept for the Westconidor Con- 
necting-line represents a completely original design; 
an entirely new concept that was created in response 
to specific quantitative requirements set by the de- 
partment of City Development (Splint 1998). The 
HOV bus solves the problem presented by planners’ 
requirements (quantitative) creatively and effec- 
tively. It is logical to infer that design vendors simi- 
larly challenged by qualitative requirements, would 
produce equally original, creative and high quality 
solutions for the specific demands of the end-users. 
Another way to state the above conclusion is that 
outcomes inevitably reflect inputs. If we limit our 
inputs to quantitative analysis, outcomes will fall 
short on qualitative measures. 

3.7 The end-user as an active participant in a 
planning process 

Public transport is, in the final analysis, not only 
about economic, urban development or technologi- 
cal innovations, as important as these are. It is, in the 
end, about people. Yet it often seems that the end 
user (almost completely absent from the planning 
process) is the least considered aspect in the plan- 
ning of public transport. Although both Eindhoven 
and London made some effort to reach out to end- 
users, in both cases the participation of the end-user 
had little or no effect on either the planning process 
or  the end result. 

In Eindhoven, the City Development invited the 
participation of representatives of the west area and 
an effort was made to Choose key representatives of 
the community. This proved an effective means for 
planners to communicate and gain the support of the 
potential end-users (Splint 1998). However, the feed- 
back gained through that process had little or no im- 
pact on the final design of the Westcomdor Con- 
necting-line. 

In London, an even more encouraging sign is the 
study being undertaken to determine physical and 
psychological barriers to multimodal interchange. 
This study will necessarily involve direct question- 
ing of the end-user and a weighing of the user’s ex- 
perience against the assumptions on which the de- 
sign was based. Although the study will be 
performed after construction and therefore can have 
no direct impact on the design of the Jubilee Line 
extension, the experience of the end user, as ex- 
pressed in the conclusions of the study, may well be 
integrated into future projects (Sale1998). 

3.8 Dynamic monitoring system 

Ongoing maintenance involves the monitoring of 
hard data, such as ridership and fare receipts, and is 
naturally used to adjust street level operations. The 
data collected through monitoring systems can also 
be returned to the planners at the theoretical level, 
thereby providing insight into the success (or fail- 
ure) of the plans once implemented. 

While both London and Eindhoven monitor their 
systems as part of routine maintenance in the opera- 
tional phase, only Curitiba uses that wealth of data 
to evaluate and reconsider plans at the theoretical 
level. The communication of monitoring data to 
planners at the theoretical planning level has demon- 
strated dramatic benefits in Curitiba. It is the re- 
searcher recommendation that this communication 
should be included in any integrated planing pack- 
age. The initial purpose of the Integrated Transporta- 
tion Network in Curitiba was to accurately coordi- 
nate financial aspects and payments to the 
concessionaires (Rovani). However, planners quickly 
discovered that it was an extremely effective tool for 
on-going evaluation. Plans, once implemented, 
could be monitored for success, and future plans ad- 
justed accordingly. The happy result can be seen in 
the smooth, troublL free transitions as the system has 
evolved. 

4 AN INTEGRATED PLANNING PROCESS 
SCENARIO (CHAPALA CORRIDOR LINE) 

The scenario focuses on a fictional, specific area of 
development in Guadalajara and the creation of the 
Chapala Comdor Line, a public transport system 
connecting Guadalajara with the international airport 
and Chapala Lake. The scenario is described in the 
form of newspaper articles written between the years 
2002 and 2008 from different perspectives. The 
Chapala Corridor Line scenario reflects the critical 
success factors developed in this research. By com- 
bining these factors with key-players and key- 
events, it intends to envision the application of an in- 
tegrated planning package and its benefits. 
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5 CONCLUSION 

Recent studies such as “Jalisco a Futuro” and 
“Metacity Datatown” have revealed that in the fu- 
ture, urban growth (Mass 1998) and the use of private 
cars (CEED 1999) will inevitable increase as part of 
our “tendency” way of living. Of course, the prob- 
lems of public transportation that we are facing now 
will be even more intense in the near future. These 
studies let us raise few questions in relation to public 
transport: Are we ready to propose solutions for an 
even more complex world? The traditional way of 
solving-problems (isolated proposals) will remain 
the same in the (near) future according to our so- 
called reality? The way we answer these questions is 
in relation to the way we will prepare our own fu- 
ture. In the studied cases, public transport problems 
have been solved satisfactorily for the higher nun-  
ber of people involved (end-users, entrepreneurs, 
politics, designers, urban planners, etc) on public 
transport developments. With no intention to follow 
a pre-determined planning model, it has been 
learned from their success as well as from their fail- 
ure. This integrated planning package does not in- 
tend to be a direct solution for public transport, 
rather it is a collection of critical success factors that 
still need futller development in relation to specific 
areas (politics, management, engineering, urban de- 
velopment and human factors) and its relationship. It 
is hope the results of this research will be appreci- 
ated by decision-makers working in the field of pub- 
lic transport planning. It is expected the integrated 
planning package will be explored and discussed in 
depth (through an inter-disciplinary team) in order to 
find a suitable application for the development of 
public transport in Mexican cities. 
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Lo que se debe y 10 que no se debe de hacer: La Ciudad de Mkxico 
What you should do and you should not do: Mexico City experience 
Ce qu’on doit faire et ce qu’on ne doit pas faire dans la ville de Mexique 

A. R. Molinero Molinero 
Urbanismo y Sistemas de Transporte SA de CV (USTRAN), Ciudad de Mkxico, Mkxico 

ABSTRACT This paper presents a summary Mexico City’s transportation development during the last 
twenty five years. It underlines the pros and cons that the transportation system has faced and it conclu- 
des that organization, orderly conduct and a clear and transparent normativity are ingredients that are 
lacking in order to attain the desired transportation. 

RkSUME Dais  ce texte on present une esquisse du deroulement que les transports ont montre dans la 
ville de Mexique, oh on signale les reussites et les erreurs que cette ville a eprouve dans ce demier quart 
de siecle On ii conclu que ce sont l’organization, l’ordre et une reglementation claire et transparente les 
elements qu‘oii a omis pour obtenir un transport d’excellence 

RESUMEN Se presenta un esbozo del desarrollo que ha presentado el transporte en la Ciudad de Me- 
xico, en el cual se sefialan 10s aciertos y 10s errores por 10s que ha pasado esta urbe eii este ultimo 
cuarto de siglo Se concluye que la organizacion, el orden y una normatividad clara y transparente son 
10s ingredientes que han faltado para lograr un transporte de excelencia 

A 10 largo de este ultimo cuarto de siglo, la Ciu- 
dad de Mexico ha experimentado un sinnumero 
de  politicas y estrategias encaminadas a proveer 
de movilidad a su creciente poblacion. Los re- 
sultados obtenidos seguramente podran servir de 
ejemplo o de aviso de precaucion para otras tan- 
tas ciudades que se han visto forzadas a absorber 
una poblacion inmigrante deseosa de encontrar en 
la gran urbe su sustento y desarrollo. 

2 LOS CAMBIOS EXPERIMENTADOS 

El Area Metropolitana de la Ciudad de Mexico 
(AMCM) ha pasado de una poblacion de 11 7 
inillones de habitantes en 1975 a 16.7 millones 
para finales del siglo. En terminos espaciales, pasa 
de una concentracion del area urbana de 10 que es 
la Ciudad de Mexico a una dispersion de esta PO- 

blacion hacia la periferia, a1 grado que en estos 
momentos la poblacion esta repartida equitativa- 
rnente entre las dos entidades que conforinan el 
AMCM (Distrito Federal y Estado de Mexico). 

El crecimiento poblacional y espacial ha obligado 
a ampliar las hnciones de la administracion del 
transporte asi como la busqueda de un mayor 
grado de especializacion. De esta manera las 
areas encargadas del transporte pasaron de ejercer 
fknciones meramente policiales y reguladoras a 
fknciones de planeacion, coordinacion y organi- 
zacion. Este cambio se dio a un grado tal que en 
ambas entidades surgio un organo de gobierno 
con caracteristicas prioritarias, dandose por vez 
primera una atencion hndamental a1 transporte 
sobre la vialidad. A esta organizacion interna se 
sumo la necesidad de buscar la coordinacion inte- 
restatal para ordenar y regular el transporte me- 
tropolitano. Los Cuadros 1 y 2 muestran el desa- 
rrollo durante el periodo bajo estudio. 

La prestacion del servicio de transporte sufrio 
cambios radicales donde el metro se mantuvo 
como el transporte por excelencia hasta principios 
de la decada de 10s noventas, cediendo parte de 
su demanda a la cada vez mas her te  competencia 
de 10s minibuses. Por otra parte, el transporte 
prestado por autobuses en el entorno del Distrito 
Federal pas0 de manos privadas a las manos del 
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Cuadro 1 Coiiccptos seleccioiiados de cvolucioii del 
traiisporte en l a  AMCM 

"onccptt, I Ilace 23 aaos 1 Hacc 13 anos 

Cuadro 2. Paraiiietros en la evolucion del traiisporte en la 

Ilacc 3 aaos 

AMCM 

Concept0 Hacc 23 mios 
1916 1976 I 1986 I 1996' 

'oblation (millones de habitantes) 
listrito Federal I S.2 70% I S.O 55% I 8.5 51% 

listrito Federal iid 617 0 
<do dc Mduco iid 609 2 

75 1 
72 1 

sporte y 
eDGITT 

4utoridades tr; 
listrito Federal 

Edo deMe\ico 

bletropolitanas 

vialidad 
X G T  I .STV 

.Bus suburbaiio 

DGPT 

*SDUOP 
OIiistituto 
AURIS 

.CCCP 

nspo1-te pUl  
DDF 

DDF 

Privados 

Privados 

Privados 

COVITUR I 

ice 
DDF 

DDF 

DDF 
(AUPR 100) 

COTREW 
privados 

Privados 

GDF 

GDF 

E n 
transicioii 

Privados 

Privados 

' l)dto\ diqx)iliI>l+ I I 'j96 nd - 110 dl\poi1lbll: 

Notas 

DGITT - Direccioii General de Iiigenieria de Traiisito y 
Transporte 
CGT- Coordiiiacioii Gciici a1 de Transportc 
COVITUR- C'oiiiirion de Vialidad y Transporte Urbaiio 
STV- Sccrctni 1'1 dc Trailsportes y Vialidad 
DGPT- Direccioii (;eiieral de Policia y TrBnsito 
DGAU- Dircccioii General de Autotransporte Urbaiio 
SDUOP- Scci ctcii 1.1 de Desarrollo Urbaiio y Obras Publicas 
SCT- Seci e t a  id dc Coiiiuiiicacioiies y Traiisportes 
CCCP- Coinision tlc Coiiurbacion del Ceiitro del Pals 
COMICOT- Coinicioii Mixta Coiisultiva de Traiisporte 
COTAM- Coinision de Transpostc Metropolitan0 
COMETRAVI- ('oiiiision Metropohtana de Transpoite y 
Vialidad 

estado en 198 1 para enfrentar un proceso de pri- 
vatizacion, aim incompleto, en 1995. 

Parque vehicul; 
.Metro 

.Trolebus, tran- 
via, treii ligero 

.Bus urbaiio 

.Bus suburbano 

.Taxis, colecti- 
vos/iniiiibiis 

Reparto modal 
Total 

Reparto modal 
.Metro 
eSTE 
*Atltobuses 
Urbaiios 

.Autobuses 
Suburbanos 

.Taus, colecti- 
vos/miiiibiis 

Sub to I nl 

0 A 11 toiiiov i 1 

en operaci 
37 km 

537 carros 

390 
trolcbuses 
I I6 tranvias 

7 so0 
unidades 

7 500 
unidades 

40 000 

919,188 

1 ' 136,235 

1 16 kiii 
2 16 1 carros 

320 
t rolebuses 
15 treiies 

4 650 
un1dadcs 

5 695 
uiiidades 

96.5 0 0 

1.329. 942 

1 ' 5 s 8 ,20 8 

178 km 
2559 carros 

43 9 
tiolebuses 
19 trenes 

1269 
uiiidadcs 

1284 
iiiiidadcs 

116.562' 

2'776 597 

3 '00 5,s 9 8 
nillones de tramos vpd) 

15.7 1 22.0 1 29.2 
4)  

10%) 
4% 

41% 

SY" 

120/;, 

75%) 

25%) 

19%) 
3 '%I 

26% 

16% 

11% 

75%) 

25% 

' Datos disponihles a 1996 
Incluye minibuses. vpd = viaje-persoiwdia 

Durante estos catorce aiios de manejo estatal, se 
promovieron una serie de politicas, muchas veces 
contradictorias entre si estatizacion, cambios a 
unidades de baja capacidad, iinpulso a la propie- 
dad atomizada, privatizacion Sin embargo, es de 
reconocerse que durante ese period0 la ciudad 
gozo de un transporte digno y eficiente se res- 
petaba la ubicacion de las paradas, se iinpulso un 
correcto rnantenitniento a1 parque vehicular, se 
introdujo un primer sistema tarifario integrado, se 
fortalecio una red conforrnada por rutas alimenta- 
doras y rutas directas que obedecian a una pla- 
neacion, entre otras muchas acciones mas 
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Esta serie de ires y venires en las politicas de 
transporte y la urgencia por mostrar soluciones 
inmediatas dib lugar a que muchas de estas accio- 
nes heran instrumentadas sin un tiempo de madu- 
racion previo, con las consecuentes ineficiencias 
de la improvisacion a un grado tal que la Ciudad 
de Mexico no ha alcanzado una definicion del 
catnino que habra de seguir Por su parte el Esta- 
do de Mexico, ;I menor escala ha seguido la pauta 
del estado veciiio, con resultados aun mas catas- 
troficos. 

Durante estos 25 aiios el creciiniento de la red del 
metro se ha incrementado de 10s 37 kilometros 
que contaba en 1976 a 202 kin para 1999. Con 
esta red pas6 de movilizar 1.7 inillones de viajes 
en 1976 a transportar 4.6 millones para 1996. A 
su vez, el crecimiento en la oferta del transporte 
de superficie se dio a traves del fomento de me- 
dios de transpoi-te de baja capacidad que substitu- 
yeron casi totalinente a1 transporte en autobuses. 
Esta politica per-mitio un crecimiento desmedido 
de la ofeita al pasar de 320,000 asientos por dia 
(7,800 autobuses) en 1976 a 710,000 asientos por 
dia (27,000 minibuses y 1,269 autobuses) en 
1996. A su vez. el numero de taxis pas6 de 2.6 
unidades poi- cada 1000 habitantes en 1976 a 10.5 
unidades por cada 1000 habitantes para 1996. 
Con esta oferta se pudo absorber el aumento del 
90% que regjsti-aron 10s viajes persona dia en este 
lapso, debiendose seiialar que la movilidad se in- 
cremento en 1111 33%. 

El cainbio inas importante que se registro en este 
periodo se centr-o en 10s cambios en el reparto 
modal Fue notoria la perdida de participacion de 
10s sisteinas de inayor capacidad unitaria a la vera 
de unidades de inenor capacidad. Las politicas 
tomadas en esta dii-eccion en la segunda mitad de 
10s 80s, sin duda, han sido de 10s tnayores errores 
en materia de transporte y medio ambiente a 10s 
que se ha eiifi-cntado esta ciudad. 

Este cainbio modal, impulsado tanto pot- las auto- 
ridades de ese nioinento como por la banca de de- 
sarrollo internacional, trajo un retroceso del que 
apenas la ciiidad se esta reponiendo. Asi, el 
tt-anspoi-te masivo electrico redujo su participa- 
cion del 22Y0 en 1986 a1 14% para 1994. A su 
vez, el traiisporte en autobuses diesel paso del 
42% a tan solo el 11%, mientras que unidades de 
baja capacidad (10 a 27 plazas) propulsados por 
inotores de gasolina y conformados por miles de 

Figura 1. Evolucion del reparto modal 1986-1994 (pro- 
grainada y real). 

prestatarios independientes lograron que su parti- 
cipacion pasara del 1 1  al 58% eii el mistno lapso 
Por otra parte, se present0 una ligera reduccion 
en la participacion modal del automovil, pese a las 
deficiencias detectadas en las demas opciones de 
transporte. Esta situacion se muestra en la Figura 
1 

3 LO QUE SE DEBE HACER Y LO QUE NO SE DEBE 
DE HACER EVALUACION DE 25 ANOS DE 
POLITICAS DE TRANSPORTE 

En el aspect0 economico y financiero, las dife- 
rentes politicas de reducir gradualinente el subsi- 
dio en el transporte operado en el Distrito Federal 
han dado fiutos ya que este se ha distninuido en 
terminos reales por pasajero transportado A su 
vez, se han buscado mecanistnos para adecuar 10s 
niveles tarifarios, dado 10s niveles de inflacion ha 
padecido el pais De un esquetna de definicion ta- 
rifaria tneramente politica se ha pasado a un es- 
quema legislado y con bases tecnicas basado en 
una formula de aplicacion sencilla en una priinera 
etapa y una formula mas elaborada a partir del se- 
gundo semestre de 1999 

Desafortunadamente, las medidas pat-a eficientar 
el us0 de 10s recursos no han tenido el resultado 
esperado, resultado de las discrepancias politicas, 
de la duplicacion de recursos y funciones y de las 
sobreposicion de 10s servicios de transporte, prin- 
cipalmente. A esto se suma la poca cultura para 
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jerarquizar las inversiones bajo criterios de bene- 
ficio-costo o costo-efectividad y a la tendencia de 
hacer obra sobre la conservacion y el manteni- 
miento asi como sobre la organizacion y el orde- 
iiamiento de 10 clue se tiene. En este sentido, 10s 
ultimos afios mai-can un parteaguas, a1 darse una 
atencion prioritaria a las acciones de gobierno, de 
orden y de noimatividad sobre las de construc- 
cion de obra 

Hace 21 aiios 
1976 

EII cuanto a1 reparto modal y la integracion de 10s 
diferentes medios de transporte, 10s resultados no 
han sido del todo satisfactorios ya que las amplia- 
ciones del metro han coiitribuido a un mayor nii- 
mero de pasa.jel-os en las termiiiales alimentadas 
por un gran niimero de rutas suburbanas, hacieii- 
do que las terminales operen bajo regiinenes de 
sobrestacion. Esto ha degradado la imagen y ha 
proniovido la competencia a 10 largo de sii tra- 
yecto con otros medios no regulados, con aka 
fi-ecuencia de pnso. 

aacc  11 ako, Hace 1 aiios 
1986 1996 

Entre las razoiit's que hail servido como justifica- 
ci6n para este cambio modal se encuentran: las 
presiones de 131-omover fuentes de trabajo en 10s 
aiios 80s, la tendencia de la banca de desarrollo 
mundial por medios de baja capacidad sobre 10s 
de alta capacidad centrados en la idea economica 
de que una alta frecuencia reducira las externali- 
dades debidas a 10s tiempos de espera perdidos y 
la hejeinonia del sindicato de la empresa estatal de 
autobuses sobrr la administracion de la misma, 
amen de 10s intereses creados y politicas de caci- 
quismo. Asimismo, la poca concieiicia ambiental 
sobre 10s pi-oblcinas qiie traeria consigo un ci-eci- 
miento de 10s minibuses, propulsados por motores 
a gasolina, motfifico la politica de mantener la 
participacibn modal de 10s medios de baja capaci- 
dad (taxis, colectivos y minibuses) en uii 8% tal y 
como se tenia pi-evisto en el Pi.ogimm I ~ l e g r d  
dc 7i.msporie .\, Vinlidciu' de 1987 a un creci- 
inieiito real para 1994 del 58%. Los efectos de 
estas decisiones se estaii vivieiido hoy en dia y 
son ejeinplos de 10 que no se debe hacer. 

.4 esto se suma clue la participacion esperada del 
autobiis dentl-o del documento antes citado et-a de 
un 47% para 1994, resultando, finalmente, un 
1 19'0 real Natwalmente, las situaciones anteriores 
afectai-on a1 metro a1 reducir su influencia del 
19% a1 135; en el inismo period0 

Hoy en dia se reconocen estos errores y se quiere 
retomar el camino per0 ei costo econoinico de su 

Cuadro 3. Diagnostic0 sintesis del transporte electrico 

Sistcma de Trans 

de la deiiiaiida 

.Estancaiiiiento 
en la oferta 

-Fallan trcnes en 
lioras pie0 

eBtiCI1 IiiaIitcIli- 
nllcllto 

~Plalleaclon a 
caigo dc quicn 
const iuyc 

*Alto crccirlliciito 

~ T N I ~  siibsldi& 

Sen4cio de Tranrp 
*Mayores tiempos 
de iecorrido 

eInterferencias en 
/onas altalllellte 
tiniisitadas 

dJnidades anti- 
guas restauradas 

.Tarifas inas ba- 
p s .  custc abono 
Sill lilnltc dc 
\ 1ajes 

oite Colectivo (metro) 
-0peracion dese- 
quilibrada 

conccntrada cii 
tres liiicas 

ONuckas lineas con 
baja captacloii 

* T ~ I  sLlbs1dlad:i 

raderos 
-Falt:~ de cone\ion 
iiitei niodal 

eRefleuoii sobre la 

089% de dei1i:liid;i 

~Collgestloll en pa- 

\allde/ dc IilctO- 
dologia dc plailea- 
ClOll 

ePlaneacioii (1 car- 
go dc quicn COllS- 
t ruyc 

. P l ~ i  M X S ~ I O  
Metro 1985 

te, Electricos (trolel 
eFalta Inaiitciu- 
niiento prcveiitivo 

*Fallas coiitinuas 
ell cl sen'lclo 

*Altos iIldlcCs dc 
captacioii por iini- 
dad 

~ P O C ~ S  uIi1dades 
OTanfas subsidia- 
das 

eAbono dc trans- 
poitc 

-Disiiiinucion dc 
descquilibrios 
de explotiIci611 

eMejora conccti- 
vidad 

Giptacion es- 
t a11cada 

.Reduccioii dc 
subsidios 

de Mexico 
OAlta congestion 
cii paradcros 

sioii iiiterinodal 

niaiiteni~iiiei~to 
.Plaiicacioii a 
cargo dc la STV 

1996 

OLincas 211 Estado 

OFalta de cone- 

*Probleilias de 

oP l :~ i i  Maestro 

ises y treii ligero) 
ORecursos presu- 
pucstales insufi- 
cicntes 

-Renovacion dc 
not2 

eNtie\lo CsqtlCiii:l 

de plancacioii 
~Poca  coordina- 
cion con R-100 

~Pocas  unidadcs 
OTarifa subsidia- 
d;1 

~Aboiio de trans- 
1301-te 

correccion es her te  y se presenta una oposicion, 
natural y esperada, por parte de 10s miles de con- 
cesionarios que hicieron acto de presencia en di- 
cho lapso y que ahora temen perder sus hentes 
de ingresos. El buscar que el transporte sea un 
paliativo a 10s problemas sociales o economicos 
termina, finalmente, en un probleina politico y 
tecnico de dificil solucion. La organizacion del 
sector y el replanteamiento de un reparto modal 
razonable es por ell0 una meta impostergable. 

Los Cuadros 3, 4 y 5 sintetizan el desarrollo del 
transporte public0 en la Ciudad de Mexico de 
1976 a la fecha y en el cual se muestran las prin- 
cipales acciones tomadas en dicho lapso. 
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Cuadro 4 Di;tgiiost ico sintcsis del traiisportc cii autobuses 

Hace 24 aiioi 
1976 

Cuadro 5 Diagtiostico siiitcsis dc 10s taxis. colcciiLos > 

Hace 14 aiio\ Hace 4 aiioi 
1986 1996 Hace 24 aiioi Hace 14 aiioi 

1976 1986 Auto bu ses l J  rb iiii 
~ B A J O  1111 cl de 
scn icto 

0 Fa 1 121 
mlcilto t-lltin'lrlo 

*Rlit<ls coil dc<- 

iiia t i t c I 1 1 - 

\ I'lCIOIICI; 1Iltlccc- 

sat ias 
*E\CCSO p~; t t l , i s  
oIiisuficiciici,i dc 
cap'lclclncl ell 

let Ilun<tlcs 
oscn l C l 0  110 pio- 
gt alllad0 

0Iiutas radiales 
~Fal ta  de iiitcgi,i- 

eTaiihs de iiici- 

c;ldo/subsldlo '11 

conlbustlblc 

ClOll 

Hace 4 aiio\ 
1996 

A 11 to buses S II I) II 1.1 
ODcsconoci tiiiciito 
parquc \.cliicul;ii- 

*C;irciicia dc 01.- 

rifis. frccucucins 
y rccorridos 

.Diversidad pet.- 
iiiisos y coticc- 
sioiics 

den rcspccto ;I 121- 

.Red ortogonal y 
aliiiiciitadoi a 

~ B a j o  tine1 de scr- 

OAlta captacion de 
pasajcros por ui i i -  

dad 
oB:ija C I ~  121 flota 
real en opcractoii 

.Insuficlcncla de 
gal ages 

oGrandes iccotii- 
dos cii \ acio 

*Falta dC ii1aiitC- 

111 1111 CIl to 
~ N u l a  reposicioii 
dc uiiidadcs 

*CI cciiiiicti t 0 

roctaltco del ot- 
ganlsillo 

*Substdlo 

\.iCIO 

btt - 

LIlOS 

.Insufictcncia dc 
rutas dc pcnctra- 
Ci6ti EM-DF 

.Carencta tutas 
iiict ropolitanas 

oAuscncta progra- 
iiias dc opcracioii 

eFalta dc rctio\a- 
ci6ti del parquc 
\chicular j dc 
iliatltetllilllcnto 

oEti tratisicioti 
OCoiicesioiies i 
dtCL llllcvas C l l l  

prcsas eii e 
col'to pla7o 

OMarco tartfat i( 

sin subsidto 
eRcordeiiamiciito 

dc rutas 
eStislitticioi1 d( 
microbuses poi 
autobuses 

eVolLiiitad d~ 
CJcrcei tllaj'ot 

control j vigi. 
lancia sobre 17 

pieslacioii del 
scn icio 

4 C'ONCLIJSION 

Las experiencias en materia de transporte en la 
Ciudad de Mexico son multiples y muchas veces, 
dadas las presiones por dar soluciones a 10s pro- 
blemas del ayer-. kstos se han ido resolviendo bajo 
el metodo de pi'iieba y error. Esto le ha permiti- 
do,  a uii enornie costo, aprender de sus yerros y 
sus experiencias debieran set- consideradas por 
otras ciudades en etapas similares de desarrollo. 

La experiencia de esta ciudad indica que cuando 
un sisteina de transporte se reestructura o pasa de 
una administracion privada a una estatal se debe 
tener un esquenia claro de las hnciones que va a 
desempefiar, se debe contar con personal 
capacitado en 10s mandos medios y preparado pa- 
ra  tomar decisiones en 10s mandos superiores, y 
s e  debe contar con la infraestructura suficiente 

Senltcio prcsta- 
do Cl1 automo- 
vilcs 

No rcgulado 

Taxis 
eScnricio caro 

.Sen icto utilim- 
do para ciertos 
\'lajcs 

ePadron vcliicular 
coiitrolado 

eModAidad CII I A- 
pida evpaiisioii 

aNiCliO de dci1iaii- 
da por calidad i i i-  

satlsfccha 
.Opet a con tarifas 
altas 

.Mcdio dc b:ij:i ca- 
pactdad quc opcra 
c t i  rut a s  t ro ticales 
y altlllentadolas 
ePrcstado con 
coiiibies y tiiiiiibu- 

0s 111 rcglaiiieii t a- 
cloil 

scs 

.Modalidad dc 
traiisportc en 1-5- 
p1da expansion 

*Fuiiclbii especifi- 
ca de traiispot-tc 
individual 

eDificdtad de ope- 
racibti tiitcgrada 

oDiIicultad sustitir 
y rciiovar equipo 

OCreciiiiicnto 
dcslllcsul ado 

.I)e\ol galll/dLlon 

eAnarquia eii l a  
prestacion dcl 
s cn  icio 

eAlta participa- 
C l O l l  et1 coltedo- 
les ttollcales 

oInsuficlcntc 111- 

tcgracioii 
eIilicl0 dc subs- 
titucioii iiiiiiibiis 

poi autobus 

( 1  9961 
.Rcgl:iiiictitados 

oV01~iit;id dc 
CJCl CCt UEl> 01 

COIlt iOi  1 \igi- 

plcstacloll del 
laiicia sobic la 

sen l C l 0  

4 o b t  cofcrta 
OTat  if:)^ bajas 
* R ~ g l ~ ~ i i i ~ i i t ~ ~ d ~ ~ ;  
(1999) 

para encarar el problerna. Estas son las principa- 
les diferencias entre un sistema exitoso como 10 
es el Sistema de Transporte Colectivo Metro y un 
sistema que evoluciono a tumbos como 10 fue la 
empresa estatal de autobuses AUPR-I 00. 

Una ciudad de las dimensiones de Mexico requie- 
re una gama de medios de transpotte que cubran 
las expectativas de su poblacion. Pot- ello, es re- 
comendable que en 10s corredores con requeri- 
mientos de transpurte de gran capacidad, se 
ofi-ezcan medios de alta captacion mientras en 10s 
sistemas alimentadores y perifericos, se prestan 
con medios intermedios o de baja capacidad. Re- 
sulta poco razonable que en su inomento se haya 
buscado satisfacer la alta demanda existente en 
10s principales corredores con un sinnumero de 
unidades operand0 sin regulacion operativa y or- 
den alguno cuando existia la posibilidad de orga- 
nizar el transporte con unidades acordes a las de- 
mandas requeridas. En este caso las presiones 
sociales y politicas dieron a1 traste a un desarrollo 
congruente del transporte de superficie. 
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Un crecimiento anarquico, sin organizacion ni or- 
den o legalidad no puede ofrecer un servicio eco- 
nomico y de calidad por iiias gasto en infraes- 
tructura y equipo que se realice Es por ell0 
importante orpnizar, ordenar y establecer un 
marco normatico y legal antes de iniciar la adqui- 
sicion de equipos y construir obras de ingenieria. 
Los momentos de exito en el transporte de esta 
ciudad han recaido mas en 10 primero que en la 
construccion de obras o en la adquisicion de 
equipo 

El crecimiento urbano desmedido que en muchos 
casos ha fomentado la movilidad sobre la accesi- 
bilidad ha roto la cohesion de esta area urbana. 
La Ciudad de blexico, no ha sido capaz de vigilar 
la segregacibn de las actividades sociales y pro- 
ductivas denti-ci del entramado urbano y no ha 
podido contener la inercia del desarrollo inmobi- 
liario y coniercial hacia la periferia. Aun mas, 
este desarrolln no ha ido acompafiado ni de 10s 
esqueinas de organizacion y orden deseados ni de 
la infraestructui~a requerida para contener o ami- 
norar el impacto del desarrollo urbano. Es por 
ell0 que 10s territorios perifericos de esta gran 
ciudad deben acercar 10s servicios al usuario, a1 
hogar y a1 barrio, promoviendo el us0 mixto del 
suelo y dejando a un lado un esquema urbano de 
expansion que fomenta la movilidad y la infraes- 
tructura para el automovil y que depende de una 
marcada centralizacion de las actividades. 

La promocih v desarrollo de medios de trans- 
porte informales permiten, iiiicialmente solucionar 
problemas sociales o presiones politicas, per0 con 
el tiempo resultan en dolores de cabeza Esto ha 
quedado constatado con la evolucion de 10s taxis 
colectivos a combies y posteriormente a minibu- 
ses, 10s cuales han ido absorbiendo poco a poco el 
inercado de medios mas eficientes Un problema 
similar se enfrentara esta ciudad con la promocion 
que se ha hecho a1 bicitaxi coin0 medio turistico 
de transporte en la zona centro y coin0 generado- 
ra de empleo en la periferia. 

Rcferericins 

CGT Progranin Integral de Truiisporte v f ialiclad MCu- 

STV Program Iiitegrai l ie  Irau p r l e  y J ialidacl Mc- 

STV Aiiuarros cle I/‘ialitlad 1) l’t-ati,rporte Mc\ico STV 

COTREM Prinier Provecto cle Traiqxwle I Jrhaiio del 

CO USTRAN. 1987 

W O  STV, 1995 

dive1 SOS aiios 

lz’\laclo de Mexico Naucalpan SOGELERG. 
USTRAN 1989 

cle1,lrre et? la Loiici J2ietropolitai7a elel I alle de ,\fexi- 
L O  Mc\ico FOA, USTRAN, RADIAN, 1998 

COMETRAVI Esfurlio l i~ fe~gral  rle Irm7 

En suma, la experiencia de la Ciudad de Mexico 
es rica y aprovechable y nos sefiala la importancia 
que tienen las consideraciones de orden, organi- 
zacion y desarrollo institucional sobre el creci- 
miento de la infraestructura, del equipo de trans- 
porte o de otras acciones paliativas de problemas 
ajenos a1 movirniento de personas. 
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M ~ d e l l ~ g  urban fom / structure and ~ a n s ~ o ~ - i ~ t e ~ e l a ~ i o ~ s ~ p  and ~ t e r a c ~ i o ~ ~ :  
Case study Delhi urban form/ structure 
Modelage d'une forme/ structure urbaine et transport: Relations mutuelles et i~teractio~s: 
6tude speciale de la forrnelstructure urbaine de la ville de Delhi 

R. K. Khanka 

N. Ranganathan 
School of Planning and A r ~ ~ ~ ~ e ~ ~ ~ r ~ ,  New Delhi, India 

RITES, New Delhi, India 

ABSTRACT: India is experiencing massive population growth and rapid urbanization. It is therefore 
important to plan, develop and manage metropolitan cities in an optimal, efficient, and effective manner 
within the financial resources available/ affordable. Urban transport system is one of the major areas that 
influences urban f o r d  structure and thus determines the quality of life within metropolitan cities. In the 
context of accelerated growth of metropolitan cities and large investments in metropolitan transport systems, 
it is necessary to appreciate the inter~relationsh~p, develop simplified, operational models and use them, as a 
first step, to select the most appropriate transport system that is consistent with the proposed land-use of the 
city, and further to restructure the city's urban f o r d  structure with reference to proposed transport system. An 
attempt has been made in this paper to quantify the relationship between transport system and urban form/ 
structure. For this purpose, Delhi, the capital of India, has been taken as the case study for f o ~ u l a t i n g  and 
calibrating the urban form/ structure model as a result of introduction of mass rapid transport system (MRTS). 
The model has been applied to evaluate the potential pattern of spatial distribution of population and 
employment that can be further translated into land-use pattern. 

RESUME: L' Inde est en train d'un accroisement massif demographique et une urbainisation rapide. Donc, il 
faut planifier, developper, et gerer Ies grandes villes d'une manidre optimale, efficace et effective dans les 
limites des resources financieres disponibles. Le Transport urbain est un des domaines principaux qui 
influence la forme/ structure urbaine et ainsi il determine la qualite de vie dans les grandes villes. Dans le 
contexte d'un accroissement accelkrk des grandes villes et les grands investissements dans ies transports 
urbains, il faut comprendre les relations mutuelles et developper des modeles simplifies et operationnels et les 
utiliser initialenient, pour choisir le rCseau le plus connenable, qui est compatible avec l'utilisation optimale 
du terrain et en plus, restructurer la forme/ structure de la ville par rapport au transport urbain prCvu. On a 
essay6 dans ce document de quantifier Ia relation centre Le systeme de transport et la forme/ structure urbaine. 
A cet effet, on a pris Delhi, la capitale de l'Inde, pour notre etude sptciale afin de formuler et calibrer le 
modele de la forme/ structure urbaine du a l'introduction du metre urbain. On a utilise le modCle pour evaluer 
le potentiel de la repartition spatiale demographique et le emplosis glneres qui etre davantage transfo~nee en 
tine utilisation optimale du quartier. 

I ~ N T R O ~ U C T I O ~  

The choice of appropriate transport systems and 
their proper relationship to the land use has become 
important. with a view to optimize the use of land as 
well as to minimize the total cost of transportation of 
the cities. With the increase in traffic congestion in 
cities worid over, there are efforts to adopt one or 
the other form of mass transport system. But these 
systems entail high capital investment, which the 
developing countries often find difficult to mobilize. 
This leads to the basic question of selection of the 

proper project that would give maximum benefit to 
the economy and be consistent with the overall 
development plan of the cities. 

The present practice followed for selecting 
transport projects for investments is, normally, the 
standard cost benefit analysis. On this basis, the 
project that imparts maximum benefit to the 
economy is recommended to be taken up for 
investments from a pool of pre-selected transport 
options. This approach relies heavily on the 
mi~im~zat ion of costs to the economy and leaves the 
other crucial physical parameters untouched. In case 
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of urban transport projects the quantification of 
physical relationship between a transport system and 
the urban form/ structure is a crucial parameter 
which should not be ignored while selecting a 
transport system. Otherwise, a cost efficient 
transport system may lead to unaffordable urban 
form/ structure, and also may result in a change in 
land use contrary to that envisaged in the Master 
Plans of the cities. 

An attempt has been made in this paper to 
quantify the relationship between transport system 
and urban form/ structure model. For this purpose, 
Delhi, the capital of India has been taken as the case 
study for formulating and calibrating the urban f o r d  
structure model. Delhi with more than 10 million 
population, is faced with transportation related 
problems. At present the bus transport with limited 
capacity is the only mass mode of transport. 
Acknowledging the limitations of the bus based 
transport system, a Mass Rapid Transport System 
(MRTS) for Delhi has been considered and 
construction work has started. 

As contrast to the existing bus transport system, 
the MRTS would influence the urban form/ structure 
in a different manner. The paper examines the 
impact of the MRTS on Delhi’s urban form/ 
structure and the extent to which it would be in 
accordance to the development/ expansion of the 
city as envisaged in the present master plan (Master 
Plan for Delhi-1981-2001). It would also serve as a 
tool for selecting projects that would be consistent 
with the future urban form/ structure of the city. 

2 URBAN FORM/STRUCTURE DEFINITION & 
QUANTIFICATION 

Urban areas are characterized by various activities, 
i.e., social, economic, cultural, administrative and 
physical, that are needed for the day to day 
functioning of a city. The growth in the population 
coupled with the technology progress imparts 
d>rnamism to a city and also shapes its urban form. 
There is an inherent relationship among the land use 
activities, the spatial distribution of urban activities 
(structure of the city) and the characteristics of 
transport system operating in the city. This finally 
reflects in the physical form of the city. 

Different theorists have defined urban f o n d  
structure in various ways. For the purpose of the 
present paper the definition of urban form/ structure 
is conceptualized on the basis of the parameters 
affecting urban form and the ease with which it can 
be measured. 

A city can be viewed in a two dimensional frame 
through the concentration of population and the 
scale of employment in an area. Thus the population 
and employment are the two basic parameters that 

define urban form, and their distribution over the 
geographical area of the city imparts a certain shape 
to the city. Urban form can be measured through a 
proper quantification of these two parameters. The 
other parameters that affect urban form can be said 
to be derivatives of population and employment 
levels. For example, through the population 
estimates and its distribution in an area the 
requirement of the land-uses such as housing, social 
infrastructure, open spaces, etc. can be estimated. 
Similarly, the land-use required for commercial 
activities, work centers, etc. can be estimated 
through the employment levels and its distribution 
over the space. 

There are various land-use models that are used 
for quantification of urban form/ structure. The basis 
of these models are mainly the measure of 
‘accessibility’ of an area vis-a-vis the transport 
system. Accessibility links functionally the spatial 
location of land-use activities with the service 
provided by the transport system. In this paper 
attempt has been made to develop a land-use model 
on the concept of accessibility of an area measured 
in terms of transport system productive capacity. 

3 DELHI URBAN FORM/ STRUCTURE & 
TRANSPORT SYSTEM 

Historically, Delhi has been an administrative center 
and a major center for trade and commerce. As per 
1991 Census (the latest one conducted in India) 
figures the total area falling in Delhi Urban Area 
(DUA) was about 63533 hectares and the population 
was about 9.5 million, depicting an overall 
population density of 133 persons per hectare (pph). 
In the past, there has been a high growth in 
population at about 4% per annum. In the decade 
1981 to 1991 the population density increased 
sharply by over 37%, indicating the compact 
population distribution. An over view of the growth 
in population and density during the period 195 1 to 
1991 is shown in Table 1. 

The predominant mode of transport in Delhi is 
the road based bus transport system. Delhi is the 
converging point of nine major roads of which five 
are National Highways and the remaining four are 
major arterial roads. The city has a network of ring 

Tablel. Population and Density of DUA 
Year Population Annual Area Density 

1951 1440 7.5 21500 67 
1961 2360 5.1 32600 72 
1971 3650 4.5 44600 82 
1981 5710 4.6 59200 91 
1991 8480 4.0 63500 133 
Source: Compiled from different sources 

(000) (”/.I (Hectare) (pph) 
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shaped roads (inner and outer) and other sub-arterial 
roads connect these major roads to each other. All 
the major roads converge at the central core of the 
city, the central business district. 

The transport demand in Delhi is very high at 
1.14 (including walk trip) per capita trip rate. The 
per capita trip rate, excluding the walk trips, is 0.79. 
About 62% of the transport demand is met by the 
public transport system, i.e., bus transport system 
and the remaining 38% by personalized modes of 
transport, of which major share (17.59%) is 
accounted by two wheelers. Also the share of two 
wheelers to the total vehicles, have grown 
phenomenally from about 1% in 1957 to 17.59% by 
1994. The trend in growth of share of different 
vehicles over the peliod 1957 to 1994 (Table 2) 
indicates the limitations of the present bus system 
and the growth of personalized mode of transport. 

The average trip lengths of the different modes of 
transport provide the reasons for the modal share 
depicted in Table 2 and also the spread/ shape of the 
city. In the year 1957 slow mode of transport (cycle) 
met about 36% of the transport demand whereas its 
share declined substantially to about 7% by 
1994.The growth in average trip length of the 
different modes as indicated in Table 3, depicts a 
dispersed distribution of population. The average 
trip length of all the mechanized modes have 
increased considerably. 

Delhi has been following planned growth under 
the two master plans, viz., Delhi Master Plan 
(MPD)( 1962- 198 1 ) and Master Plan for Delhi 
(1981-2001). The third master plan for the period 
2001 to 2021 is being prepared. The salient features 
of these plans that relate to the subject matter of the 
paper are indicated below. 

The basic objective of MPD-62 was to organize 
all developments on the basis of large districts that 
would be developed as relatively self-contained for 
daily purposes and needs. This close locational 
relationship was considered to be of over-riding 
importance in greatly diminishing the demands on 
and cost of transport system and travel. 

The second master plan took into account the 
basic postulates of the previous master plan. It 
proposed that the future development of Delhi to be 
low rise high density, i.e., the residential 
development to be compact and with low rise 
structures. The gross residential density was 
proposed in the range of 350 pph to 400 pph and the 
gross city level density was proposed in the range of 
180 pph to 200 pph. The plan proposed a multi- 
modal transport system comprising bus transport, 
light rail transit (LRT) system, and ring rail plus 
spurs. 

A proper plan for integrating the land use with 
transport system was not followed. While the 
policies of decentralize work centers were adopted, 

Table 2. Growth in Modal Share of Modes of TransDort 
Mode 1957 1969 1981 1994 

("/I (%) (YO) (%) 
Cycle 36 28 17 7 
Bus 22 40 60 62 
Car 10 16 5 7 
Two Wheelers 1 8 1 1  17 
Others 31 8 7 7 
Total 100 I00 100 100 
Source: Compiled from different sources 

Table 3. Growth in Average Trip Length (km) of Transport 
Mndeq 

Mode 1957 1969 1981 1994 
Cycle 5.00 4.77 3.80 4.89 
Two wheelers 4.50 5.62 7.32 10.03 
Car 4.00 5.10 8.10 11.28 
Bus 5.00 6.64 8.60 10.66 
Taxi 5.00 4.81 4.40 11.47 
Auto 5.00 4.81 4.40 6.14 
Source: Compiled from different sources 

there was no method to 
Apparently, the location 
(workplaces) was decided 
proximity to arterial roads. 
practice has resulted in some 
areas being neglected., 

plan their locations. 
of district centers 

on the basis of their 
However, this ad-hoc 

of the highly accessible 

4 URBAN FORM MODEL 

In order to predict the urban form/ structure of Delhi 
a two-stage model has been conceptualized and 
formulated. It is basically a land-use model, which 
integrates the transport system characteristics with 
land-use. Here, the capacity and speed of a transport 
system/ mode define the transport system 
characteristics. For example the capacity of a road 
based public transport system is the number of 
passengers it can carry in a given time period. The 
speed of the bus system in a given area specifies 
how fast the passenger movement takes place. Put 
together, the capacity and speed of a transport 
system has been defined in the literature as 
productive capacity of the system. Accessibility of 
an area can be said to be directly proportional to the 
productive capacity of the transport system serving 
the area. Higher the productive capacity of the 
system serving an area, higher will be the 
accessibility of that area. Also, if an area were 
served by more than one mode of transport, the 
productive capacity of that area would be the sum of 
the productive capacities of the individual transport 
modes/ systems. 

Of the two-stage model conceptualized, stage one 
is the formulation of an accessibility sub-model that 
estimates transport zone/ area-wise accessibility 
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indices as defined by the characteristics of the 
transport system serving the transport zone/ area. 
The second stage of the model relates to the 
formulation of the distribution sub-model that takes 
the out-put of stage one, i.e., the accessibility indices 
of the zones/ areas as inputs and distributes the 
population and employment on the basis of these 
accessibility indices. 
Stage-one: Accessibility Sub- ode^ 

C, Vi 1 

ZCi Vi Cdfj” 
(1) A, 2 -______-- - * -__--- 

where Ai = accessibility index of zone ‘i’; Ci = 
capacity of transport system serving zone ‘i’ 
expressed in terms of number of passengers moved 
by the transport system in a day; Vj = average speed 
of the transport mode in zone ‘i’; dij = time taken by 
a transport system from zone ‘i’ to zone ‘j’; a = a 
parameter to be calibrated. 
Stage-two: Urban Form Sub-Model 
Pi = al + b, * (Ai) (2) 
subject to population density constraint for a 
transport zone, such that, population density 5 400; 
and 

E, = a2 + b2 *(A,) ( 3 )  
where Pi = popu~ation in zone ‘i’; Ei = employment 
in zone ‘i’; a l ,  a2, bl and bz are the parameters to be 
estimated. 

5 CALIBRATION AND VALIDATION OF 
URBAN FORM MODEL 

The study area comprises the area falling in Delhi 
urban area as defined in the Master Plan for Delhi 
(1981-2001) and the areas in urban extension that 
would be required by 2021 to accommodate the 
projected urban population for Delhi. The study area 
is divided into transport zones as demarcated by 
Delhi development authority (DDA), The 
urbanisable area that would be required to 
~c~ommodate  the population by 202 1 has been 
represented by I77 transport zones. 

The urban form sub-models have been Calibrated 
to reflect the base year (1991) urban form as 
revealed by distribution of population and 
~ r n p ~ o y ~ e n ~  in the various transport zones 
prevailing in Delhi during 1991. The calibration 
exercise would entail estimation of the parameters 
iiidicated in equation (l) ,  (2) and (3). The inputs for 
calibrating the urban f o r d  structure model are 
discussed below. 
- Popu~ation and e~ployment  distribution in the 

base year (1991) in the geographical limits as 
defined by the 177 transport zones. The data 
source was household survey for Delhi organized 
by RITES in 1994. 

- Road transport network covering the existing and 
proposed roads having right of way (ROW) 30 
meters and above. 

- Distance and speed matrix (177 X 177) for 177 
transport zones. 

- Route wise information on bus transport system 
prevailing in the year 1991. The details such as 
number of routes operated; path followed in each 
route; frequency of bus per day; etc. were 
gathered from the Office f Transport Authority, 
Delhi. 

- The average number of passengers per bus was 
taken as 58 passengers. 
The basic i n f o ~ a t i o n  indicated above was used 

to estimate the transport zone wise values of C,, V,, 
and dij. The number of passengers moved per day by 
the buses (Ci) were worked out by estimating the 
number of bus trips passing through the zone in a 
day and multiplying it by the average number of 
passengers carried per bus. The average speed of bus 
in a zone (V,) was estimated through the speed 
matrix summed and averaged for the zone. The djj 
values for each zone were estimated by dividing the 
shortest path distance matrix (with respect to time) 
by the speed matrix. 

Having worked out the zone wise values of C,, V, 
and d,,, the value of a was estimated through 
calibrating the urban form models. Using the 
relationship (1) and (2) the value of a for estimating 
population distribution (a-pop) and through 
relationship (1) and (3) the value of a for estimating 
employment distribution (a-emp), were worked out. 
Various vafues were assigned to a and the 
corresponding values of Ai were estimated and put 
into urban form sub models represented by 
relationship (2) and (3). For each of the Ai values, 
the corresponding regression coefficient (R2)  was 
estimated and those values of a (population and 
employment) were selected for which the R 2  was 
maximum. Based on this exercise the value of a-pop 
was estimated as 0.01 and that of a-emp as 0.8. The 
corresponding K2 is 0.7595 and 0.629 1 respectively. 

Using the selected values of A, and the base year 
(1991) Pi and E,, the parameter a], bi in case of 
relationship (2) and parameters a2, b2 in case of 
relationship (3) were estimated. Waving estimated 
these values the population and employment 
distributions for the base year were made and 
validated against their actual values. The validated 
sub-model of stage-two was used to predict the 
populati~n arid emp~oyment for the year 202 1. 

6 APPLICATI~N OF MODEL 

The urban form models for estimating pop~latioii 
and employment distribution are shown below. 
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Population Distribution Model 
Pi = (-) 44256 + 15854604 * (Ai) (4) 

Employment Distribution Model 
E, = (-) 14150 + 4070730 * (A,) ( 5 )  

As it stands today, the future transport system for 
Delhi can be considered to be the augmentation of 
existing road transport system and the proposed 
mass transport system (MRTS). Therefore the urban 
form models have been applied under the two 
transport scenarios. 
- The proposed MRTS and existing road network 

including the proposed roads. 
- Existing road network including the proposed 

roads without MRTS (only population 
distribution). 
The productive capacity of MRTS is planned to 

be higher than the road transport system. Its impact 
on the urban form of Delhi would be different than 
the impact of the road based transport system. Due 
to it ,  the accessibility of the transport zones would 
undergo change resulting in the change in the 
distribution pattern of population and employment. 
The quantification of such changes is done through 
the application of relationship (4) and ( 5 ) .  The inputs 
used for projecting the urban f o r d  structure of 
Delhi for the year 2021 are elaborated below. 
- The net work (full system) of the proposed mass 

transit system (1 84.50 kms) comprising of: 
existing ring rail and proposed spurs to the 
existing ring railway (140 kms); under ground 
metro rail corridor (27 kms); and dedicated bus 
transport corridor (1 7.50 kms). 

- Road transport network covering the existing and 
proposed roads having right of way (ROW) 30 
meters and above. 

- System configuration of MRTS: average speed 25 
kms per hour; maximum number of passengers 
per train = 2700; 2 minutes gap (headway) 
between two consecutive trains. 

- Road traffic would double by the 2021 from its 
existing level 

These inputs were used to estimate the zone wise 
accessibility indices for the year 2021 using the 
relationship (1) and the calibrated value of a-pop 
and a-emp. The capacity Ci and speed of the 
proposed MRTS and road system were estimated for 
each zone. In case of zones that are served by both 
these systems, their productive capacities were 
added to form a single value. The value of dij was 
estimated using the shortest path matrix with respect 
to time. Thus the separate estimates of accessibility 
indices for population and employment distribution 
for the proposed MRTS were put into the validated 
stage-two sub-models represented by relationship (4) 
and ( 5 ) .  

Table 4.  Delhi Urban Form/ Structure 2021 
Area Population Population* Employment 

(%) Density (%) Density % 

Core 13 707 6 356 26 
Middle 38 276 29 216 33 
Periphery 49 96 65 129 41 
Total 100 100 100 
* Population density with constraint (5  400 pph) 

Table 5. Distribution of Population based on Road Network - 
202 I 
Area Population Density 

(%) (PPh) 
Core 24 1256 
Middle 35 
Peripheral 39 

Total 100 

268 
69 

The total population and employment for the year 
2021 have been projected at 22.80 million and 7.60 
million respectively. The population and 
employment distributions were regrouped in three 
categories, viz., core city area, middle and peripheral 
areas. The urban form thus arrived at for the year 
202 I is quantified in Table 4. 

The distribution of population based on road 
network (in case MRTS does not materialize) has 
been analyzed and the results are presented in Table 
5 .  

On comparison of Table 4 and Table 5, it  is 
observed that in case the MRTS does not come, the 
f o r d  structure of the city would show relatively 
higher population concentration in and around the 
core area, and dispersed one in the peripheral area. 
Whereas, in case of MRTS, the population is likely 
to move away from the city core area. A graphical 
view of the urban form/ structure of Delhi under the 
two transport options considered, for the year 2021 
is shown in Figure 1. 

This fact is also brought out in Table 6, where the 
projected population and employment for the year 
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Table 6. Percentage increase in Population and Employment 
(703 1) over 199 I Distribution 

Area Population Population* Employment Population 
(MRTS) (MRTS) (MRTS) (Road) 

Core- 138 12 97 322 
Middle I I I 66 78 106 
Peripheral 385 550 544 249 
* Population density with constraint (5  400 pph) 

(%I (%) (%I (%I 

- 
- 

7 CONCLUSION 

2021 for both options (with and without MRTS) are 
compared with the corresponding figures for the 
year 199 1. 

It can be observed from Table 6 that the 
population concentration in the peripheral area 
would increase due to introduction of MRTS (as 
compared to only road option) as the people would 
like to take economic advantage (rent) as a result of 
the higher speed and capacity offered by MRTS 
resulting in increase in the accessibility of the 
peripheral areas. 

An analysis of the population and employment 
distribution along the transport zones abutting 
MRTS corridor revealed that about 78% of the total 
population (202 1)  would be located in these zones 
and by introducing the density constraint, the 
percentage would reduce to 70%. The employment 
level along these zones would be about 74% of the 
total employment in the year 202 1. 

A further analysis relating to location of major 
work centers (non-industrial) was carried out. The 
sub- central business districts (sub-CBDs) and 
district centers (DCs) are the areas with high 
employment levels. The locations of these centers 
are influenced by the accessibility of the area in 
planning. I t  has been observed that certain areas 
having high accessibility get neglected and other 
areas with low accessibility get selected. The result 
is that these work centers are highly under utilized 
due to lack of proper planning. 

In case of Delhi, it is proposed to set up 22 DCs 
and 2 sub-CBDs. Some of these work centers are 
already operational and the others are being planned/ 
under implementation. An exercise was done to 
estimate the number of sub-CBDs and DCs required 
by the year 2021 and the location of these work 
centers. The employment norms for identifying work 
centers were taken as 80, 000 and more employment 
level for sub-CBDs and between 40,000 to 80,000 
for DCs. Based on these norms the requirement of 
work centers (non-industrial) by the year 202 1 were: 
8 sub-CBDs and 51 DCs. It was identified that due 
to die introduction of the proposed MRTS, about six 
DCs identified earlier in the master plans for Delhi 
Lvould require to be relocated. 

The foregoing analysis establishes the intricate inter- 
relationship between urban f o r d  structure and 
urban transport. The ‘productive capacity’ defined in 
terms of capacity and speed of a transport system 
influence the urban form/ structure in different 
manner. The introduction of the proposed MRTS 
having superior ’productive capacity’ than the 
present road based bus transport, would change the 
future urban form/ structure of Delhi in terms of 
decongestion of core city area and more dispersal of 
population and employment in the peripheral areas 
of the city. 

The present Master Plan for Delhi (1 98 1-2001) 
nould expire by the year 2001 and the next master 
plan is to be introduced after that. Also the 
construction work on the proposed MRTS has 
started recently. In this context the urban form/ 
structure model would be very useful for the city 
planners to effectively plan the future growth of city 
that would be consistent with the planned transport 
system, and thus avoid certain unnecessary 
investments and expenditures. 

The urban form/ structure model developed can 
be used at various stages of policy formulations. At 
the initial stages it can be used for making 
inbLstment decision among the various transport 
systems selected for a city. It can also be used to 
restructure the city’s urban form/ structure with 
reference to the proposed transport system. The 
authors strongly feel the need to take up detailed 
studies in these areas and develop the model as a 
useful tool for planning/ restructuring of urban form/ 
structure. 
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Dkveloppement urbain, transport et knergie a Douala, Cameroun 
Urban development, transport and energy in Douala, Cameroon 
Desarrollo urbano, transporte y energia en Duala, Camenin 

Ch. Eboumbou Jemba 
Dkpurtement de Gknie Civil, ENSET de I' Universitk de Doudu, Cameroun 

ABSTRACT : The urbanization of the town of Douala generates on the energetic plan, an urban organization 
relatively little thrifty, discriminatory and making the object of preoccupations in all levels. This study will be 
attached to analyse the social specifities and spatiofunctionals which mould the mobility in the big 
Cameroonian metropolis, in order to bring out, in a perspective between others economy of energy, of justice, 
the principal ways of thought. 
&SUM& : L'urbanisation de la ville de Douala genere sur le plan energetique, une organisation urbaine 
relativement peu econome, discriminatoire et faisant l'objet de preoccupations a tous les niveaux. Cette etude 
s'attachera a analyser les specificites sociales et spatio-fonctionnelles qui modelent la mobilite dans la grande 
metropole camerounaise, afin de degager, dans une perspective entre autres d'economie d'energie, de justice, 
les principaux axes de reflexion. 
RESUMEN : La urbanizacion de la ciudad de Duala genera sobre el plan energetico, una organizacion urbana 
relativamente Poca economa, discriminatorio y haciendo objeto de preocupaciones en todos 10s niveles. Este 
estudio si atara a analizar las especificaciones sociales y espacio-funcionales que modela la mobilidad en el gran 
metropoli - Camenines, a fin de desempefiar, en una perspectiva entre otras una economia de energia, de 
justicia 10s principales ejes de reflexion. 

1 - INTRODUCTION 
L'enjeu energetique ou de la pollution dans la 
planification urbaine est une preoccupation tres 
recente dans les pays de 1'Afrque Sub-Saharienne. 
Aussi, nous a-t-il semble tres interessant, sur un plan 
general et a titre exploratoire, de se pencher sur la 
problematique energetique des deplacements urbains 
dans la ville de Douala, premiere agglomeration et la 
plus importante aire de developpement du Cameroun, 
afin d'en degager les principaux traits saillants. 

Cet ensemble, important de naud de 
communication, est sous-tendu par de reelles 
possibilites de mobilites et d'echanges urbains. Mais, 
suivant quels schemas spatiaux s'effectuent les 
distributions de ses activites economiques, emplois, 
autres equipements et zones de residence ... qui 
induisent les deplacements urbains courts ou longs ? 

Sur le plan energetique, a-t-on a faire a une 
organisation urbaine planifiee, equilibree et rationnelle ? 

L'etude exploratoire que nous developpons ci-apres 
rend compte des principales tendances B la fois : 
d'une enquste socio-economique faite dans les annees 
80 aupres d'un echantillon de 3 400 personnes/menages 
de I'agglomeration de Douala divisee en couronnes 
urbaines, et d'autres enquGtes aupres d'un certain 
nombre de services acteurs du developpement urbain. 

2 - LES SPECFICITES SOCIALES ET SPATIO- 
FONCTIONNELLES DE L'AGGLOMERATION 
L'urbanisation a Douala, avec un taux de croissance 
annuel de 6 YO environ, est particulierement 
acceleree, spontanee et grande consommatrice 
d'espace. Certains regroupements et localisations 
privilegiees des activites par categorie indiquent, 
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cependant, que nous avons a faire un espace 
hierarchise et specialise dans lequel les couronnes 
urbaines se distinguent par telles ou telles fonctions, 
se caracterisent par des attractions plus ou moins 
grandes. GrBce aux tableaux synoptiques presentes 
dans la suite et par l'intermediaire de quelques 
indicateurs retenus, nous allons resumer et dresser a 
grands traits la typologie de cette agglomeration en 
localisant les principales fonctions et activites 
urbaines. A-t-on a faire a une configuration spatiale 
favorable ou pas a la gestion econome de la mobilite ? 

2. I - Les caracteristiques socio-economiques des 
popu Iations 
2.1.1 - La demographie (Fig. la) 
En 1987, l'ensemble, la population urbaine est 
relativement jeune avec 55 % des moins de 21 ans. 
La frange la moins igee est particulierement localisee 
dans les quartiers peripheriques des couronnes 
d'extension G - H - I qui accueillent les premieres, les 
Tableau 1. Typologie et structuration des operations foncieres 
de l'origine a 1987 - les coats fonciers de 1982 - 1987 

Couronneurbaine 
Imma- Mor- Lotisse Chikhd 
tricu- celle- ments 1982 - 

TOTAL, I 100 I 100 I 100 I 100 1 

jeunes issus de l'exode rural et dont le statut foncier 
est fragile (Tabl. 1) seuls 6,9 YO des terrains sont 
immatricules aux domaines. C'est une population 
particulierement mobile sur le plan residentiel. Elle est 
concentree a pres de 55,6 % dans les parties 
peripheriques et suburbaines de la rive droite. 
2.1.2 - L 'organisation de I'habitat (Fig. la) 
La repartition generale des menages selon le mode 
d'occupation des lieux est la suivante : propriete avec 
titre foncier (8,3 Yo), propriete sans titre foncier 
(40,5 %), location (41,6 %), loge par l'employeur 
(3,l Yo), loge gratuitement autre que l'employeur 
(3,3 Yo). Sur le plan foncier, nous notons une 
grande precarite de l'occupation de sol qui explique 
le caractere provisoire de l'habitat urbain dont les 
unites sont bBties a pres de 50 % a l'aide de 
materiaux provisoires. Cet habitat de type 
pavillonnaire a plus de 90 % donne lieu, 
generalement en Occident, a une forte motorisation 
de menage. Qu'en est-il pour Douala ? 

Le Tableau 1 souligne sur le plan des operations 
foncieres, les contradictions et oppositions enti e, en 

particulier, les couronnes centrales A - B et celles 
d'extension G - H - I. 
2. I .  3 - Les activitks economiques commerciales et 
I'emploi (Fig. Ib) 
En 1987, la population active est evaluee a 41,6 % 
dont 79,2 % est occupee et 20,s % est inoccupee. La 
population inactive represente 57,6 % et se compose 
de menagere (31,O %), etudiant et eleve (61,6 %), 
handicape (0,s %) et autres (6,6 %). 
La repartition de cette population occupee selon le 
statut dans l'emploi est la suivante : independant 
(32,6 %), employeur (0,s %), salarie permanent 
(55,s %), salarie temporaire (4,2 %), apprenti 
remunere (0,s %), apprenti non remunere (3,4 %), 
aide familiale (1,s %) et statut non declare (0,s %). 
Tableau 2. Classification des couronnes urbaines en 1987 
selon les immeubles les plus chers, les entreprises existantes et 

La repartition spatiale des activites formelles 
issues du Tableau 2 met en evidence, la forte 
polarisation des entreprises dans les couronnes 
centrales A et B, avec des consequences qu'on peut 
imaginer en matiere de deplacements urbains, sur le 
reste de l'agglomeration. 

Apres avoir identifie et localise les principaux 
determinants de la mobilite urbaine (Fig. l), 
disposons-nous suffisamment de donnees pour 
expliquer, apprecier qualitativement et 
quantitativement le comportement des usagers en 
matiere de deplacements urbains ou de mobilite ? 

2.2 - Lesparticuhrites de Ia demand? 
2.2. I - La motorisation 
Parmi les personnes/menages enquEtees, 82,4 YO 
n'ont pas de voitures particulieres, 12,5 % en ont une 
et 5,l YO ont deux. Entre 15 % et 22 'Yo des 
proprietaires des vehicules sont localises dans les 
couronnes A - B contre 7 % a 13 YO dans les 
couronnes d'extension. En examinant le bilan 
migratoire du Tableau 3, la couronne A est la moins 
emettrice en main d'ceuvre avec 7,5 % de residents 
qui travaillent en dehors d'elle. En plus, les soldes 
tres excedentaires des couronnes A - B confinnent 
leurs fortes attractions vis-a-vis des autres et 
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soulignent, s'il en est encore besoin, le r6le majeur 
qu'elles jouent dans l'agglomeration. 

La proportion des menages disposant d'une 
voiture particuliere evolue de 5,O % pour les revenus 
iderieurs a 50 000 F CFA la plus faible tranche ( I ke )  
en passant par 28,O % pour la tranche intermediaire 
(4") de 150 001 - 200 000 F CFA jusqu'a 40,O % 
pour les revenus superieurs a 300 000 F CFA, 
tranche la plus elevee (7"). Ce qui correspond pour 
les 3 classes de revenu citees a des taux de motorisation 
Tableau 3. Classification des couronnes urbaines selon la 

respectifs de 7,l %, 37,l % et 69,5 %. 54,6 % de 
proprietaires des logements disposent de 1 voiture 
particuliere contre 45,4 YO de locataires. Prenant en 
consideration le sexe, nous relevons les chifies 
suivants : Proprietaires de 1 voiture : hommes 76,3 %, 
femmes 23,7 % ; Propnetaires de 2 voitures et plus : 
hommes 72,3 %, femmes 27,7 %. 

Le parc automobile se compose de 74,l YO de 
vehicules de 2 - 10 CV et 25,9 TO de vehicule de 10 CV 
sont detenus par pres de 20,O % de menages 
camerounais et expatries, a tranches de revenus les 
plus elevees, au taux de motorisation le plus fort 
(69,5 %), habitant les luxueux quartiers residentiels 
de la couronne A, exerqant la plupart de leurs 
activitks dans ces m6mes couronnes centrales A - B 
et effectuant, par consequent, des deplacements 
courts, grands consommateurs d'energie. 
2.2.2 - L'accessibilite au travail et a l'ecole 
L'etude de la motorisation sous I'optique energetique 
doit necessairement associer le facteur accessibilite 
en l'absence duquel la perception de la demande de 
transport ne serait pas complete. La Figure 2 ci- 
dessous presente les capacites en voirie urbaine des 
differentes couronnes. La qualite de la circulation est 
jugee tres degagee pour 27 YO a 33 % de residents 
des couronnes A - B contre 13 % a 18 % pour les 
couronnes d'extension G - H - I dont les residents 
qualifient la circulation de difficile pour 40 YO a 60 ?A0 

d'entre eux. Ces difficultes entrainent souvent un 
surcroit de consommation d'energie pour les 
deplacements courts ou longs, et elles s'accroissent 

Largeur circulable des cat4gories I : 14 m - II : 10,5 m - III : 7 m 
Figure 2 : Classification de la densite des voiries (%) selon les 
categories et les couronnes urbaines 

en fonction d'une part, de la distance parcourue : 
3 1,9 % pour la tranche de 0 - 6 km, 42,l % pour 
celle de 6 - 10 km, 66,l % pour celle de 10 - 15 km 
et 72,3 % pour celle de 15 km et plus, d'autre part, 
des distances moyennes par deplacement. De ce qui 
precede, il s'avere que les difficultes sont plus 
nombreuses pour les longs trajets - les plus motorises 
- conditions favorisant une grande consommation 
d'energie. 

Lors du trajet domicile-travail, les points 
d'embouteillages rencontres varient en fonction de la 
distance moyenne par dkplacement : inexistants 
pour les distances courtes de 2,2 km, variables pour 
les distances de 5,O km, nombreux pour les distances 
plus Iongues de 5,8 km qui favorisent donc une 
augmentation de la consommation d'energie. 

2.2.3 - La possession du permis de conduire 

30 YO des personnes interrogees ont declare 6tre 
titulaires du permis de conduire. 72,3 % d'entre elles 
ont une voiture a disposition. 45 % des personnes 
non titulaires du permis souhaitent le passer, ce qui 
laisse presager une progression fkture de la 
motorisation et une modification du partage modal. 
Parmi les titulaires du permis de conduire, les 
grandes parties des distances parcourues sont le fait 
des personnes ayant une voiture a disposition. Leur 
nombre, ainsi que la consommation d'energie 
croissent avec la distance parcourue. C'est ainsi que 
pour la classe de distance parcourue [ 0 - 2 km [ 66,5 % 
de personnes ont une voiture a disposition contre 
33,5 % qui n'en ont pas, pour la classe [ 2 - 4 km [ 
on compte 73,7 9'0 contre 26,3 %, pour la classe 
[4 - 8 km [ 79,3 % contre 20,7 %, et enfin pour la 
classe [ 8 km et plus 82,9 % contre 17,l %. La 
tendance d'utilisation de la voiture particuliere ne 
peut flechir qu'avec I'existence parallele d'alternative 
modale de qualite. Est-ce le cas en ce moment ? 

2.3 - L'ofpe de transport 

Elle est essentiellement prise en charge par le 
transport terrestre routier dans lequel la voiture 
particuliere tient une place dominante. 
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2.3. I - La voiture particuliere et autres 
Le tableau 4 etablit, entre 1976 et 1987 pour chaque 
categorie de transporteurs, le ratio pour 1 000 
habitants. Cet indicateur s'eleve a un minimum de 31 
en ce qui concerne les taxis dans la ville de Douala. 
Tableau 4. Structure et evolution du parc des transporteurs par 
categorie dans la province du littoral de 1976 a 1987 

Categorie 
No I Desimtion 

Transporteurs Ratiopar 
enregistres Categorie 
Effectif I % ~wur1OOOhbts~ 

1 
2 
3 
4 I C a t e g o r i e ~ ~  I 2300 I 13,4 I 6 

TOTAL I 17 160 I100 I 
Categorie I : Taxi de ville 
Categorie I1 : Taxi hors de ville - banlieue, departement. 
Categorie I11 :Car de transport interprovincial de voyageurs. 
Catkgorie N : Camion de transport marchandises ~ t i o n a l e ~ .  

" " 
CategorieI 12 700 74,O 3 1  
CategorieII 460 2,7 1 
Categorie I11 1700 9,9 4 

Dans la repartition modale, tous motifs confondus, le 
taxi occupe a la fois, la premiere place pour les 
deplacements motorises (Fig. 3) et pour les 
longueurs cumulees des deplacements. Analyser la 
relation planification urbaine - energie, c'est entre 
autres reconnaitre que les differents modes de 
transport - surtout motorises - peuvent 6tre associes 
dans une organisation spatio-economique capable de 
les transformer ou inversement. Compte tenu du r81e 
central que jouent les taxis dans le fonctionnement de 
l'agglomeration de Douala, toute reflexion porteuse, 
sur la constitution d'un espace dit econome, ne peut 
passer que par une action sur ce mode. S'agit-il de lui 
reserver une place beaucoup plus preponderante ou 
devra-t-on favoriser les transports en commun ? 
Quelle est la capacite de penetration ou de desserte 
de chacun des deux modes dans le tissu urbain eu 
egard a I'importance et la qualite des infrastructures 
routieres ? Ces actions ne doivent-elles 6tre 
envisagees que sous un angle antagoniste ? La 
restitution des volets lies a l'intermodalite et a leur 
complementarite s'impose aussi : les statistiques non 
detdees portant sur la vente des vignettes dans la 
ville de Douala pour I'exercice budgetaire 1987 - 1988, 
ont recense 52220 engins motorises oficiellement 
Tableau 5. Structure et evolution de l'offre de transport, tous 
I 

I 6 1  Tracteurs I 1 250 I 1.0 I 3 I 

triculations des 
voitures parti- 

en activite compte non tenu de la circulation de 
transit et du defaut de vignettes. Ce qui, ramene a la 
population, donne un ratio d'environ 80 engins 
motorises - tous genres - pour 1 000 habitants. 
Tenant compte de la distribution par genre, des 
vehicules et engins immatricules dans la province du 
Littoral pour la periode 1976 - 1987, qui fixait a pres 
de 54 % la part des voitures particulieres (Tabl. 5), 
nous admettons un ratio de 43 voitures particulieres 
(taxi + voiture personnelle) pour 1 000 habitants, soit 
une equivalence de 28 000 voitures particulieres 
environ officiellement en circulation en 1987 - 1988. 
En 1996 - 1997, ce nombre passe a 32 000 
voitures particulieres d'apres les statistiques 
officielles. 
Tableau 6. Hegemonie de la voiture particuliere dans les 
modes motorises 
I % des imma- I % des voitures particulieres dans les I 

deplacements motorises 
Tra- I Achat I Achat I Adrmn I Temps 

cul~bres :55,0% 
Ventilation 
modale 

vail couI;1Ilt Occas. Sewice libre- 

65,5% 90,8% 87,9% 88,9% 86,6% I Distances I 68,7% I 90,2% I 89,4% I 89,7% I 86,0% 1 parcourues 

Le tableau 6, qui illustre nettement et dans tous 
les cas de figure, I'hegemonie de l'usage de la voiture 
particuliere, restitue en fait deux realites, primo : la 
voiture particuliere supporte une charge de 
deplacements nettement superieure a sa 
representation - deja elevee - par rapport a l'ensemble 
du parc motorise roulant pour voyageurs, secundo : 
elle est de tres loin le principal mode de deplacement 
motorise devant les motos, camionnettes et les 
autocars. Cette situation appelle le constat suivant : 
la position de force que detient la voiture particuliere 
laisse entrevoir la possibilite d'operer un transfert 
modal en faveur d'autres moyens de transport de 
grande capacite a l'instar du transport en commun par 
autobus. Toutefois, la structuration de la repartition 
modale ci-dessus donne effectivement de Douala, 
l'image d'une ville a urbanisme pour voiture 
particuliere, faisant echo a I'urbanisation de type 
pavillonnaire evoquee plus haut. On peut des lors 
s'interroger sur la capacite de ses infiastructures 
routieres a assumer convenablement la prise en 
charge des transports en commun renforces ? 

2.3.2 - Les transports en commun et le reseau viaire 
(Fig. I c) 
Dans le perimetre urbain, les transports en commun 
sont normalement l'exclusivite de la Societe des 
Transports Urbains du Cameroun (SOTUC) en 1987. 
Cependant, en raison d'une demande tres forte et du 
maillage insuffisant du reseau surtout en peripherie 
urbaine, des minibus, voire des camionnettes assurent 
une part des transports. On se rend bien compte dans 
le Tableau 7 que ce soit au niveau de la longueur du 
reseau ou des points d'arrGt, la SOTUC n'est pas 
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presente a plus de 1 YO dans les couronnes 
d'extension G - I. I1 n'en est pas de meme pour la 
couronne H traversee par l'importante route nationale 
no 1 reliant Douala : Capitale Economique, d'A€Faires 
et Yaounde : Capitale Politique du Cameroun. 
Tableau 7. Niveau d'ofie de voirie urbaine et de transport en 

Au demarrage de la SOTUC en 1973/1974, 3 
lignes etaient desservies avec un parc roulant de 18 
bus sur un parc total de 20 bus, soit un taux 
d'immobilisation de 10,O %. En 1987/1988, ces 
chifies ont evolue de la maniere suivante : 15 lignes 
sont desservies avec un parc roulant de 151 bus sur 
un parc total de 246 bus, soit un taux 
d'immobilisation de 38,60 %. Avec le rapprochement 
pour 1987 du nombre de bus en activite : 15 1 et du 
nombre de voitures particulieres en circulation : 28 000 
on saisit I'ampleur du desequilibre modal au 
detriment des transports en commun. La longueur 
totale du reseau de bus s'eleve a 143 km pour un 
total de 422 points d'arrgt, soit une moyenne de trois 
points d'arrWkm. Malgre l'importance de ces 
chiffres, nous notons que plusieurs points ou zones 
importantes de la ville sont hors du reseau qui est 
concentre a une moyenne de 70,O % dans les trois 
couronnes B - C - D. 

Par ailleurs, les transports en commun par bus ne 
peuvent emprunter que les voies revetues qui, elles- 
memes, ne sont pas etudiees en fonction des 
transports urbains. Nous notons egalement qu'ils 
empruntent en priorite les voies de categories I - I1 
toujours concentrees (17 ?'o - 44 'Yo) dans les trois 
premieres couronnes A - B - C (Fig. 2) celles-la 
mCmes qui ont les plus importants pourcentages 
(47 YO - 85 %) de voiries rev6tues (Tabl. 7). Enfin, 
le maillage des lignes n'exploite pas I'ensemble du 
reseau rev&. 

En revanche dans les couronnes peripheriques et 
d'extension, le reseau viaire est contrarie localement 
par : des coupures de site, son caractere incomplet et 
incoherent avec une grande proportion de routes non 
bitumees a plus de 70 %. La faiblesse des transports 
dans lesdites couronnes dont pourtant une grande 
partie de la population en est captive et est contrainte 
aux grandes distances, incite paradoxalement a une 
motorisation acceleree. C'est ce qui explique 
sk-ement les longues files matinales, les bouchons et 

autres embouteillages rencontres sur les principaux et 
rares axes peripheriques menant vers la ville, creant 
ainsi des conditions d'une surconsommation 
energetique de masse. Quelle peut etre l'influence de 
l'etat actuel de l'ofie de transport sur la mobilite 
urbaine ? Quelle repartition modale, en fonction des 
dserents motifs de deplacement, en decode ? 

3 - LES DEPLACEMENTS QUOTIDIENS 
3.1 - La repartition modale et Ies motifs de 
deplacement 
Les analyses faites ci-apres restituent les resultats des 
enquetes qui ont saisi la pratique des deplacements 
selon les habitudes des usagers. La figure 3 presentant 
la ventilation generale des deplacements selon les 
differents modes et motifs souligne dans 4 cas sur 5, 

Figure 3. Ventilation des deplacements urbains selon les 
Merents modes et motifs (%) 

la preponderance des deplacements motorises a 
l'exclusion du motif achat courant pour lequel les 
deplacements motorises ne represente que 30,7 %. 

Ces chifies appellent les remarques suivantes : Ies 
deplacements motorises sont generalement l'apanage 
des longues distances. On s'en sert moins pour les 
achats courants ou de proximite, a l'occasion 
desquels la marche a pied est utilisee, les distances 
etant plus courtes (Tabl. 8). Le niveau d'equipement 
des quartiers de toutes les couronnes en produits de 
Tableau 8. Ventilation des deplacements, tous modes 
confondus selon les Werents motifs et la distance 

Distances I T-r. I Achat 1 Achat I Adminis I I 
Parcourues I vai  I rant I nel I Services I Lime 

I 0 - 6 km [ I 48,l 1 85,s I 47,6 I 54,9 I 7 4 3  
1 6 - 10 km [ I 32.9 I 8,3 I 28,3 I 26,4 I 15,s I 

Distance 
movenne 

premiere necessite est satisfaisant. Par contre, le 
sous-equipement (emplois, grands marches et 
commerces, administrations et services centraux, 
equipements tertiaires,. . .) sur le lieu de residence 
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entraine un eclatement ou un eloignement des 
destinations finales qui se trouvent &re souvent les 
couronnes centrales A - B telles qu'il est apparu plus 
haut. Les deplacements qu'engendrent ces motifs 
sont, par conskquent, plus longs et motorises (Fig. 3) : 
70,7 % pour les demarches administratives, services, 
743 % pour les achats occasionnels, 78,5 % pour le 
travail. A y regarder de pres, lesdits deplacements 
sont surtout le fait de la voiture particuliere : a 5 1,2 % 
pour le motif travail a 62,9 % pour les demarches 
administratives et services, a 65,5 % pour les achats 
occasionnels. On note egalement la faiblesse 6e la 
part des transports en commun (3 ,3  % - 8,3 %) pour 
ces m6mes motifs. 
3.2 - Deplacements courts et deplacements longs 
Le Tableau 8 etablit des relations hierarchiques entre 
les motifs de deplacement et les distances 
parcourues. Cette echelle de valeur est par ailleurs 
confirmee par l'approche des distances moyennes. 

Les deplacements les plus courts sont le fait des 
motifs : Achat courant (1,6 km) et temps libre (2,7 
km), alors que les plus longs sont favorises par les 
motifs : achat occasionnel (5,4 km), travail (5 ,5 km) 
et demarches administratives (4,5 km). De tout ce 
que dessus, on est tente certes de croire que 
l'amelioration en general de I'ofEe de transport a 
Douala, notamment sur le plan de l'economie 
d'energie, passe par une nouvelle repartition des 
deplacements entre modes. Mais, est-ce que le 
reequilibrage en faveur des transports en commun va 
dans le m6me sens que la reduction de l'usage des 
modes des deplacements motorises individuels ? 
Cette amelioration ne va-t-elle pas plut6t reduire la 
part des deplacements pietonniers ? 

Nous avons etabli plus haut pour tous les motifs 
de deplacement, les distances moyennes, il est 
apparu qu'avec 5,5 km, c'est la moyenne de 
deplacement pour travail qui est la plus importante. 
Pour ce m6me motif, une autre lecture des resultats 
de I'enquEte fournit des informations ci-apres (Tabl. 
9) sur les distances moyennes parcourues par les 
travailleurs selon la couronne de residence. Ces 
dernieres progressent pratiquement d'une maniere 
lineaire en fonction de l'eloignement a partir de la 
couronne centrale B principal bassin d'emplois, p6le 
d'activites economiques et le plus important centre 
d'affaires de la ville. 
Tableau 9. Distance moyenne parcourue pour motif travail 

couronne 
Distancemoy.: 

~ ~ m v a i l  km 

Douala ville Douala Ext. 
A B C D E F G H 1 

3.5 2.6 5,3 5,O 5,5 6,5 7,l 9,l 6,O 

4 - CONCLUSION 
La repartition generale des deplacements entre 
modes semble liee a la fois a l 'ofie de voitures 
particulieres et a la mono ou phi-fonctionnalite des 

couronnes. Ainsi, sous l'optique territoriale et de la 
consommation energetique, promouvoir une 
meilleure integration urbaine, sans discrimination, 
pour toutes les categories socioprofessionnelles et 
demographiques, vouloir attenuer les disparites entre 
couronnes urbaines et reduire les distances des 
deplacements des habitants.. . passent par une 
meilleure dotation en emplois des differentes 
couronnes avec equipement de celles les plus 
excentrees d'entre elles et ce, nonobstant les logiques 
locales et universelles qui sous-tendent la formation 
de la ville. Parallelement, compte tenu de la place 
preponderante et croissante de la voiture particuliere 
dont l'image est associee a la reussite sociale, a la 
liberte retrouvee, une action en direction des 
transports en commun s'impose. Elle est destinee a 
renforcer leur capacite tout en promouvant surtout la 
qualite de service. Trois objectifs sont vises : primo, 
ameliorer les conditions de deplacement des pietons 
captifs, non titulaires ni de vehicules, ni de permis 
de conduire, secundo retenir ceux des pietons 
titulaires de permis de conduire, n'ayant pas de 
voiture a disposition, mais tentes en revanche par 
une motorisation - somme toute legitime - 
cependant, tres vieille, polluante et dangereuse, car 
souvent de deuxieme ou de troisieme main voire des 
epaves roulantes, tierto favoriser, pour certains 
destinations et motifs, le transfert modal de la 
voiture particuliere vers les transports collectifs. Le 
bilan de toutes ces mesures devrait concourir 
theoriquement a un meilleur equilibre "territoire - 
deplacement - energie" dans un contexte en amont 
d'une prise en compte des transports urbains dans la 
planification urbaine. 
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ABSTRACT: The present work is aimed at evaluating the public transportation system of the city of Porto 
Alegre, Brazil, when the Urban Development Master Plan is being re-assessed and the Transportation Secto- 
rial Master Plan is being promoted. The purpose of both plans is combining the mobility and accessibility 
policies with the urban development and environmental policies, in order to generate a flexible and integrated 
transportation model for the city, which will act as an inductor of the sustainable urban development 

1 - INTRODUCTION 

At the present time, the complexity of the needs 
for mobility in the big cities requires us to rethink 
the public transportation system, working the issue 
out through the sustainability/sustenance perspec- 
tive. Important aspects, which transcend the strict 
engineering point of view must be taken into ac- 
count, and incorporate a transdisciplinary approach 
to the discussion should be incorporated to the dis- 
cussion, due to the diversity of the urban physical 
and social interfaces. Thus, it is expected to cause a 
disruption in the sectionalist perspective, which con- 
siders transportation in its own right, as a market to 
be explored, like many others. 

The traditional perspective for transportation 
planning is unable to answer to the big challenges of 
generating freedom of moving according to the 
growing needs and possibilities of the citizens. We 
are projecting a possible future for the urban mobil- 
ity through a quality project that is turning com- 
muting into a less forced not so forced andor less 
expensive facility. The search for solutions inte- 
grated with the urban land use and occupation poli- 
cies are the imposed pertaining conditions to sus- 
tentation and life quality in the urban environment. 

Thus, the transportation planning will have to 
excel the classic projected aspects of the added de- 
mand, aggregating scenario studies from the poten- 
tial demand which is not accomplished due to the 
lack of fulfillment of the users' other needs, and the 
inducted demand, as a consequence of the facilities 
available that become attractive to those users who 
would not make use of public transportation, instead 
of their private cars. 

The urban planning, traditionally supported by 
the standardization of the use and occupation of the 
private land, will give rise to the strategic planning 
which, going beyond the perspective of the real es- 
tate market, through programs and projects will fo- 
cus in a spatial model of development in accordance 
with the community. 

In this context, the public authority that manages 
the public transportation and the urban planning of 
Porto Alegre and the Metropolitan Area starts to de- 
velop integrated actions so that a multidirectional 
transportation model is produced, flexible, integrated 
and articulated enough to equalize operational costs 
and social benefits, concerned with a relevant per- 
formance in the concretion of the urban structure, 
environment qualification, and social and economic 
promotion. 

The present work presents the experience of the 
city of Porto Alegre, political administrative capital 
of the State of Rio Grande do Sul, Brazil, located in 
the far south part of the country, in developing the 
Transportation Sectorial Master Plan and its combi- 
nation with the Urban and Environmental Develop- 
ment Master Plan's urban soil use and occupation 
policies. 

2 - THE CITY OF PORT0 ALEGRE 

2.1 - Contextualization 
Porto Alegre has a surface of 470.25 km2, with a 

population of 1.3 million inhabitants, distributed in 
intensive, extensive and rural areas. In the last dec- 
ade, the average annual growth rate was of 1.055%. 
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As a capital, the city also polarizes the metropolitan 
area, comprised by 24 cities, in a physical area of 
6,800 km2 and a population of 3 million inhabitants. 
The per capita income is of US$4.474,00 , the liter- 
acy rate is of 89.5%, the life expectation is of 72.6 
years of age, with water supply available to 98% of 
the population and sewage system available to 73%. 
The city is a typical producer of tertiary activities, 
especially public utilities. It is also a cultural, edu- 
cational, and health pole. 
For strategic reasons, the original colonization, 
which started in the beginning of 1750 with the arri- 
val of the Portuguese immigrants, took place in a 
promontory that projects itself to the west into the 
Guaiba's estuary. This way, the site expanded to the 
east, following the original paths, through the wind- 
ing lines of the valleys of the region relief, connect- 
ing the city to nearby towns. 

2.2 - Urban structure 
The original location on the banks of the estuary 

and the physiographic conditioning of the region 
determined the physical structuring of the city in a 
semi-circle, from the historical center, through radial 
axles, following the original paths. As the city de- 
veloped, these paths became structural routes, and 
the interior areas were randomly detached and lot- 
ted. The resulting arrangement of streets gave rise to 
the present network, extremely irregular and discon- 
tinued, especially in the north-south crosswise sense. 

originally located to the north, by the central area, 
due to industrial policies, were gradually transferred 
to nearby towns, or simply disappeared, because of 
the substitution of the industrial headquarters, or be- 
cause of the consolidation of the tertiary activities as 
a characteristic of the city. Nevertheless, the whole- 
sale commercial and transport activities have per- 
sisted in the area. 

From the 70s on, with the acceleration of both the 
inflationary process, and the income concentration in 
the country, the low income population was pushed 
down to the outskirts of the city, submitted to a dis- 
torted logic of social exclusion, occupying inade- 
quate sites (wetland, or hill slopes), in an attempt to 
find areas with low commercial value or no value at 
all. In the outskirts, far from the social opportunities, 
sub-housing nuclei developed in a process of retro- 
feeding the socioeconomic exclusion. 

2.3- Public Transportation 
The history of the public transportation in Port0 

Alegre goes back to 1870, when the rail transport 
service provided by animal traction started, con- 
necting the sections that were spontaneously formed, 
surrounding the original central nucleus. With the 
substitution of the rail technology by the modal on 
tires, the transportation network became more flexi- 
ble in terms of expansion, providing transport to the 
new contingent of population growing in the sec- 
tions, however maintaining the original line organi- 
zation, connecting the sections to the downtown 
area, confirming the radial structure of the city, 
centered in the political administrative area near the 
Guaiba estuary. 

From the present historic center, which originally 
surrounded the whole city, including the port, rail- 
way, and industrial activities, the spatial distribution 
of the activities spontaneously segregated took place 
heading east, during the 19th and the 20th centuries. 
Trading and services prevailed along the radials, and 
residential areas. in their inner sites. 

From 1914 up to 1970, consecutive plans for or- 
ganizing and improving the city confirmed the origi- 
nal urban structure drawing, consolidating the corn- 
mercial and service vocation of the central area, and 
the on the radial routes. The industrial activities, 

This public transportation operational model has 
been kept so far, in a process of overlapping the 
lines on the main radial axles, causing an increasing 
saturation. Due to that, exclusive corridors for buses 
were created in the 70s. This tendency has been kept 
so far, in a process of overlapping the lines on the 
main axles to access the downtown area, causing the 
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saturation of the corridors due to the excessive 
amount of trips. 

Today, the public urban transportation is struc- 
tured mostly through the bus modality, with 260 
lines carrying 1.2 million passengers/day, in 25,000 
trips/day, with a bus fleet of 1500 buses of average 
capacity. A 100 thousand passengedday are carried 
by means of 40 lines in 5.000 tripdday through a 
fleet of 403 micro-buses with 21 seats. The system is 
complemented by the selective service of 2,900 
taxis. The municipality, as the public authority that 
controls the operationalization of the public trans- 
portation service regulates and establishes the serv- 
ice offer, and the fares and inspects the different 
fleets. 

The population keeps on making increasing use 
of the private transportation vehicles, 650 thousand 
in the present time. The private fleet increases at an 
average rate of 5% a year, opposed to 1% for the 
population growth, showing a mobile rate of 2,23 
inhabitantkehicle. 

2.4- The Urban Development Model 
As the process of urban development accelerates, 

especially from the 50s on, when the preliminary 
project of urban planning was devised, inspired by 
the Athens Letter of 1933, the consolidation of for- 
mer spontaneous and the development of new poles 
of economical activities. The process took place 
following the main radial routes to access the 
downtown area, where there was a concentration of 
offer for public transportation - confirming the hier- 
archy of the accessibility variable as a determinant 
factor to attract demand activities. 

The observation of these facts led to the conclu- 
sion that it was necessary to stimulate this new po- 
larizing structure that starts to develop in the city, 
aiming at the retention of part of the demand before 
it enters the downtown area, already showing signs 
of saturation and structuring accessibility conflicts. 
On the other hand, this new polarization will reduce 
the time spent with commuting, thus minimizing the 
problems due to the excessive polarization of the 
central area. 

These decentralization principles were incorpo- 
rated to the 1st Urban Development Master Plan 
(l'PDDU), in 1979, established through building 
control differentiated devices, Corridors and Com- 
merce and Service Poles, or linear sectors and on 
surface, respectively following or near the structur- 
ing radial axles of the network. 

Currently, after 20 years of the 1st Urban Devel- 
opment Plan a new structure of polarization can be 
observed, decentralized enough competing with the 
central area in terms of diversity of commercial, and 

services offer. This new activity zoning, conse- 
quence of the guidelines of the land use and occupa- 
tion, is mostly determined by the real estate market, 
since there are insufficient public projects and in- 
vestment. 

As time goes by, the new structure, even though 
spatially weak, ends up rebounding in the circula- 
tion and transportation systems. Right now, the cen- 
tral area represents 35% of the commuting intention. 
The remaining 65% stay in their own sections, next 
to the radial axles, or in inter-sections moves. As a 
consequence, the public transportation system is put 
under pressure either by excess or lack of trip offers, 
respectively in terms of the east-west radial direc- 
tions and the north-south crosswise direction. 

3 - THE PROBLEM SITUATION 

As a result of the line created to respond organi- 
cally to the urban development process, the existing 
public transportation operational model has proved 
to be inadequate, since 90% of the total trips of the 
system are still offered for the radial section-center. 
Even though the center continues to be the main at- 
traction pole for the urban and metropolitan trips, it 
has decreased in 20% of the attracted trips, as a re- 
sult of the decentralizing policies established by the 
Urban Development Master Plan. On the other hand, 
in terms of the crosswise connections inter-sections, 
the 10% offered now represent only 1/3 of the po- 
tential demand, not considering the created demand. 

Thus, the demand growth rate of the central area 
tends to decrease, or, for better, to stabilize, while 
the crosswise inter-section moves tend to increase. 
This has proven that the present operational model is 
used up, for it does not fulfil1 the population's mo- 
bility needs anymore. 

The excess of trips on the radial structured axles, 
because they compromise the physical transportation 
network's capacity of absorbing the trafic of vehi- 
cles - some axles are in the brink of saturation, even 
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having exhausted the technical reserve for widening 
the lane and having established exclusive corridors 
for the public transportation. This saturation degree 
rebounds negatively in the mobility in general and, 
especially in the accessibility of the real estates 
nearby, and as a consequence, of the commercial 
and service activities installed in the area, causing 
losses in formerly prosperous businesses. Nowadays, 
the northern and northeastern axles that make the 
metropolitan connection, overlap the urban and met- 
ropolitan trips, with a concentration of triphour in 
one only sense of up to 350, imposing operational 
speed reduction to the system, time of trips in- 
creased, as well as atmosphere pollution levels that 
affect the urban environment. 

The reduced number or complete absence of 
crosswise trip offers and the fare policy that limits 
the use to only one vehicle per fare paid keep rein- 
forcing the centralized urban model, since the inter- 
section commuting that are not fulfilled have to 
make transfer and double pay the fare. It is observed 
the amount of 14% of passengers that come daily to 
the central area just in order to make a stop to take 
another vehicle to other sections. 

The radial urban design of the main transportation 
network that structured the city's development up to 
the 60s, is substituted from 1979 on by means of the 
conception of ringed or peripheral itineraries to the 
planning territorial units (ptu's). Thus, the transpor- 
tation model becomes a side effect to the distributive 
pattern of the planning units, not the total territory. 
This way, the present structural transportation net- 
work of the city, conceived as a contour and medi- 
ating element within territorial extensions of the 
city, underestimates the inter-relationship required 
by the population's needs for commuting. 

4 - THE INTEGRATED MODEL PROPOSAL 

At the present level of the network system bind, 
the traditional traffic engineering solutions are not 
enough to face the increasing needs for displace- 
ment, either on the commute or in the private modal, 
without huge investments in infra structure works. 
On the other hand, the insufficient investments of 
the public sector in necessary works makes us re- 
think the general policy for urban mobility, inverting 
the logic for fulfilling the manifest demands, conse- 
quence of the spontaneous process of trip production 
and attraction. 

In this context, the need to integrate the public 
transportation system to the rules of the urban 
structuring is crucial, the first being the inductor and 
the latter the propulsory of the city's sustainable de- 

velopment. Therefore, the public transportation sys- 
tems must allow increasingly the physical integra- 
tion and inter-modal fare, allowing the whole 
population to accessible commuting, with more 
flexibility, rationality, and comfort. 
In the integrated model, the public authority starts to 
plan not just the commuting itself, but the produc- 
tion of the commuting as well, together with the 
city's production process, giving it an order in time 
and space. Concerning space, the model should 
foresee the macro structuring of the public transpor- 
tation for preferential and faster access to the de- 
centralization poles; concerning time, measures to 
redistribute working schedules for the activities so 
that the rush-hour demand could be reduced. 

4.1 - The Urban Land Use and Occupation Model 
At present, the managing agency of the transpor- 

tation and circulation system is developing the Sec- 
torial Master Plan for the Public Transportation of 
the city of Port0 Alegre, which intends to offer 
guidelines to develop the system for the next two 
decades, combined with the new recasting determi- 
nations of the Environmental and Urban Develop- 
ment Master Plan (PDDUA). In this context, new 
guidelines for an integrated operational model for 
the public transportation, seeking modals that will 
comprise their network macro structuring, when, in 
medium and long term, necessarily alternative mo- 
d a l ~  will need to be implemented to fulfil1 the para- 
digm changes required by operational exhaustion of 
the systems and or physical of the structural trans- 
portation network. 
The PDDUA urban structure guidelines, in contrast 
to the "atomized " 1st PDDU's model of poles and 
corridors for commerce and services establishes a 
"territorial-linear(' model, materialized in centrality, 
urbanity, development and production corridors. 
Therefore, the present structural transportation 
model (that overlaps to the historical radial structure, 
a contour and mediating transportation structure of 
the PTUs will be gradually recast to obtain a "linear- 
weaving" drawing. This procedure will keep the de- 
centralization of the activities, but through territorial 
corridors supported by at least two structural trans- 
portation axles. Thus, the offer to the east-west ra- 
dial direction of diversified, mixed up and perceiv- 
able activities concerning the network of public 
areas, will prevent the trips east-west radial bound 
and north-south crosswise bound, respectively. 

The proposal is to go from emphasis in the nor- 
mative control to a process of programs and projects 
supported by social participation as a permanent 
mechanism of adjustment and control. This way, the 
plan establishes an urban mobility strategy which 
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will deal with the qualification of the commuters and 
cargo circulation across the city area in a transdisci- 
plinary way. It will be supported by five programs: 
public transportation, interchanges and transfer cen- 
ters, transportation, garages and parking lots, and 
traffic programs. 

Among the new proposals, it calls the attention 
the "functional" classification of the public areas that 
are part of the municipal transportation network. 
That is to say, after having considered the urban 
structure, the infra structure of the services and the 
public equipment, the geometry and the phisiogra- 
phy of the routes, the use and the nearby building 
morphology, the environmental and historical patri- 
mony, etc., the routes will take the following catego- 
ries: transition, arterial, collector, local, secondary, 
exclusive for pedestrians and bikeway . 

Aiming mostly at the disciplinary use of the car, 
and not the other way round, the strategy of mobility 
proposes the maintenance of certain areas of the city 
for the local traffic and the regaining of the routes to 
their original functions as public areas of vehicle and 
pedestrian circulation. This will be accomplished 
through the stimulation of either private or commer- 
cial parking facilities. 

4.2 - The operational model of the public transpor- 
tation. 

Proposed by the Urban Development Master 
Plan, the Public Transportation Sectorial Master 
Plan of the city of Porto Alegre it is being currently 
developed by the managing agency of the transpor- 
tation and circulation system. The plan intends to 
provide the guidelines for the development of the 
commuters' public transportation for the next two 
decades, in accordance with the new guidelines for 
the recasting of the urban development regulating 
plan, just recently concluded with the institution of 
the 2nd Urban and Environmental Development 
Master Plan. 
The guidelines for the new operational model are 
devised in this context, integrated to the public 
transportation, seeking new modals to comprise the 
macro structuring network. New modal alternatives 
will necessarily be devised, at medium and long 
term, to fulfil1 the paradigm changes required either 
by the operational exhaustion of the system or the 
physical exhaustion of the structural transportation 
network. 

The operational models keep the bus modality as 
the structuring modal for the urban commuting, and 
organizes the lines on the bi-directional transporta- 
tion network, articulated in knots, connection points 
and terminals with the purpose of allowing the users 
all degrees of freedom to accomplish stops to change 

the direction of the wanted movement without hav- 
ing to go downtown. 

The implanting of the operational model presup- 
poses a physical model with prioritized routes for 
public transportation through the construction of ex- 
clusive corridors for buses and a constellation of 
transfer terminals at the tangency points of higher 
stop concentration and also the special treatment of 
all tangency points of the structured lines of the 
system. On the other hand, the fare integration will 
be guaranteed through the use of smartcard as a 
means of payment to access the public transporta- 
tion. It will allow its revalidation in another vehicle 
without the discount of a new fare, so that integra- 
tion to the virtual terminals is accomplished. 

5 - SYSTEM INTERFACES 

The developmental process of the city of Porto Ale- 
gre demonstrates the inter-relationship between the 
urban expansion processes and the coverage of new 
inhabited areas by the public transportation services 
, always as a consequence of an organic and sponta- 
neous process. In this inter-relationship, the former 
meant the search for new areas of settlement near the 
poor suburban areas, and the latter, a market strategy 
to access new users. 

Thus, the public transportation is expanded to 
new inhabited areas on line extensions with offer 
addition, always connecting the new urban nuclei to 
the historical center of the city, where there was a 
concentration of jobs, commerce and service offers. 

The main transportation system, structured over 7 
main radial routes, becomes the support to the in- 
creasing number of transportation lines, converging 
to these main axles heading the downtown area,and 
causing a line overlapping process. 

From the 70s on, the transportation system starts 
to have an incipient inductor role in the distribution 
of the urban activities, while causing the spontane- 
ous arising of small commercial and service nuclei 
outside the historical center, on the main radial axles 
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where the offer for urban transportation was accu- 
mulated, for the first time pointing to the importance 
of the accessibility variable in the production of the 
commuting. 

The Urban Development Master Plan that was 
established in the end of the decade acknowledges 
the strategic importance of these sub-centers to alle- 
viate the compromising level of the central area 
which already demonstrated signs of exhaustion. 
This plan establishes favorable constructive rates to 
the commerce and services implantation on the ra- 
dial axles as a way of inducing decentralization. 
These axles become consolidated right after, due to 
the privileged accessibility offered by the transpor- 
tation system that used to overlap in these areas. 

The activities distribution model creates inter- 
sections or crosswise movement needs, which, in the 
operational transportation model would only be 
reached by means of stops in the central area to shift 
radial lines. 

The frrst crosswise lines arise, then, in semi- 
circle, irradiating from the central areii, and allowing 
the inter-section connection for those sections that 
were located in its design coverage area. 

Even with the creation of the crosswise lines, the 
inter-section network coverage was still partial, 
since its contour would not advance to the interior of 
the outskirts sections where most of the trips were 
generated. Thus, the inter-section movements that 
were not located in the contour influence area of the 
few existing crosswise lines were forced to make 
stops and face double fare, between the radial lines 
that provided the micro accessibility in the interior 
of the crosswise lines which allowed the transfer to 
radial axles. 

Thus, the public transportation operational model 
did not yet stimulate the potentiation of the decen- 
tralized poles located on axles other than the original 
ones. 

On the other hand, the land use and occupation 
policies that promoted the creation of the sub-centers 
in linear corridors on the main axles, with excessive 
offer for public transportation again generates a 
centralized model structured on one only axle, re- 
producing the same problems already faced in the 
downtown area. 

Performance indicators 
Fleet 
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Percentile variation 
- 22% 

It becomes necessary to devise a review of the 
activities development and distribution model into 
an atomized one with a number of routes to support 
it, providing accessibility to these poles. The review 
of the Master Plan in 1998, as the 2nd Environment 
and Urban Development Master Plan contemplates 
this atomized model and establishes strategies for 
urban mobility for the sustentation of the spatial 
model of urban development, recommending the de- 
signing of a Sectorial Transportation Master Plan to 
accomplish these targets. 

Based on a survey, the transportation plan ac- 
knowledges the decentralizing tendency, and pro- 
poses a flexible and articulated model that privileges 
other moves besides the existing radial one. 

On the other hand, the urban development plan 
acknowledges the accessibility potential provided by 
the transportation equipment as it proposes central 
corridors between the transportation axles of the 
structuring transportation system. 

I Pollutants emission 

6 - EXPECTED IMPACTS 

- 20% 

As the integrated transportation model is estab- 
lished, allowing access to the city with one only fare, 
it is expected an alteration in the matrix of the ex- 
isting modality. Movements that are restricted to- 
day, due to the need of double fare payment will be 
potentiated in the new model, contributing for the 
consolidation of the urban development policies, es- 
pecially the viability of the Centrality Corridors. 

Economically speaking, the model will provide a 
rationalization of the transportation system with the 
improvement of the offer. The indicators below pre- 
sent the advantages of the establishment of the new 
public transportation operational model, compared 
to the present operating model: 
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CITY OF SANTA FE ,NM( 1993) Urban Design Guidelines. Princeton: Nelessen Inc. 
DE LA BARRA, Tomas (1989). Integrated Land Use and Transport Modelling: decision chains and hier- 

PREFEITURA MUNICIPAL DE PORTO ALEGRE (1 979). I Plano Diretor de Desenvolvimento Urbano. 

e Ambiental. Porto Aleqe: PMPA. 114p 

archies. Cambridge. University Press. 169p. 

Porto Alegre: PMPA. 
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Ensuring accessibility through integrated corridor development: The Mabopane 
Centurion development comdor 
Assurer l'accessibilitk en dkveloppant un corridor intkgrk 
Accesibilidad aseguradora a travks del desarrollo del corredor integrado: El corredor de 
desarrollo de Mabopane Centurion 

M. N. Krynauw 
Greater Pretoria Metropolitan Council, South Africa 

S. J. Andersen 
Africon Transportation Division, Pretoria, South Africa 

ABSTRACT: The Mabopane Centurion Development Corridor (MCDC) is a comprehensive strategy to 
revive and develop the economy of the Western part of Greater Pretoria. The aim is to promote densification 
along the identified corridors, resulting in more efficient transportation (i.e. promote public transport) thus 
ensuring and stimulating economic growth along the corridor. Various development scenarios and spatial 
strategies were considered for the MCDC. The most appropriate alternative in terms of meeting the goals was 
further refined and developed as the MCDC Integrated Development Framework. This paper then specifically 
addresses transportation aspects of the MCDC, focusing on its role within the larger strategy to ensure that the 
original corridor objectives are met. 

Five strategic transportation projects, to support and strengthen the development potential of the 
MCDC, were identified. Demand modelling of the corridor assisted in determining the impact and 
importance of these proposals. Through an accessibility analysis, the impact of transportation improvements 
to the system is assessed, i.e. whether a reduction of travel times andor trip lengths is attained. The paper 
concludes by highlighting current development/implementation initiatives and reflects on lessons learnt thus 
far. 

RkSUME: Le corridor de developpement de Mapobane-Centurion (MCDC) est une strategie globale pour 
revigorer et developper l'kconomie de la partie ouest de l'agglomeration de Pretoria. Son but est d' augmenter 
la densite le long des corridors identifies, pour obtenir des transports plus efficaces (c-a-d. les transports 
publics) et ainsi assurer et stimuler la croissance economique le long du corridor. On a considere plusieurs 
scenarios de developpement et strategies spatiales pour le MCDC. L'alternative qui convient le mieux pour 
atteindre les objectifs a 6th peaufinke et dkveloppke davantage sous le nom de structure de developpement 
integre du MCDC. Cette communication aborde spkcialement les aspects de transport du MCDC, et plus 
particuliirement leur r61e dans la strategie plus vaste pour assurer que les objectifs originaux du corridor sont 
atteints. 

On a identifie cinq projets stratkgiques de transport pour soutenir et renforcer le potentiel de 
developpement du MCDC. Un modkle de la demande dans le corridor a permis de determiner l'impact et 
I'importance de ces propositions. En faisant une analyse d'accessibilite on a &value l'impact des ameliorations 
du transport sur le systkme, c-a-d. si on abouti a une reduction du temps et/ou de la longueur du trajet. La 
communication se termine en soulignant les initiatives actuelles de developpementlet de mise en application 
et reflechit sur les leqons apprises jusqu'ici. 

RESUMEN: El Corredor de Desarrollo de Mabopane (Mabopane Centurion Development Corridor-MCDC) 
es una exhaustiva estrategia para restablecer y desarrollar la economia de la zona oeste de Greater Pretoria. El 
proposito es promover la densificacion a 10 largo de 10s corredores identificados dando como resultado un 
medio de transporte mas eficaz (i.e. promotion de transporte publico) y asegurando y estimulando de esta 
forma el crecimiento economico a 10 largo del corredor. Fueron considerados variados escenarios de 
desarrollo asi como estrategias espaciales para MCDC. La alternativa mas apropiada en cuanto a la 
realizacion de objetivos h e  refinado y desarrollado como el Marco de Desarrollo Integrado de MCDC. Este 
document0 se dirige de forma especifica a 10s aspectos de transporte de MCDC, centrandose en su papel 
desempeiiado en una mayor estrategia para asegurar que se cumplan 10s objetivos originales del corredor. 
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Se identificaron 5 proyectos estrategicos de transporte, para apoyar y reforzar el potencial de 
desarrollo de MCDC. La peticion de wn modelado del corredor ayud6 a la hora de determinar el impacto e 
importancia de estas propuestas. El impacto de las mejoras del transporte en el sistema se evalua por medio de 
un analisis de accesibilidad, i.e. si es factible una reduccion en las horas de viaje y/o las distancias del 
recorrido. El document0 concluye destacando las iniciativas de desarrollo/implementaci6n actuales y 
reflexiona sobre las lecciones aprendidas hasta el momento. 

1 INTRODUCTION 

The Mabopane Centurion Development Corridor 
(MCDC) is a comprehensive strategy to revive and 
develop the economy of the western part of Greater 
Pretoria. The project was initiated in 1995 jointly 
by the National Department of Transport, the 
Provincial RDP Office and the Greater Pretoria 
Metropolitan Council (GPMC). The MCDC is 
located to the western side of Pretoria, runs in a 
north-south direction and encompasses parts of 
Centurion, Pretoria as well as the Northern Pretoria 
Metropolitan Local Council (see Figure 1). 

The main aim was to promote densification 
along the identified corridors, resulting in more 
efficient transportation (i.e. promote public 
transport) thus ensuring and stimulating economic 
growth along the corridor / node. 

The MCDC was initiated as ajoint venture 
planning exercise involving all spheres of 
government. Consistent with national and 
provincial development principles, the following 
elements were identified to direct the corridor 
initiative: 
0 

Q accessibility and integrated transport 

e investment or recreation of investment 

Q development of human resources 
e environmentally sustainable development 

through urban reconstruction. 
The above elements were addressed in an 

integrated planning process through a multi- 
disciplinary project team. Various development 
scenario’s and spatial strategies were considered 
for the MCDC. The most appropriate alternative 
in terms of meeting the goals was further refined 
and developed as the MCDC Integrated 
Development Framework. The next step was to 
identify strategic projects for implementation, 
together with projects which support and 
strengthen the development potential of the 
MCDC. These projects have been supplemented 
with additional projects addressing the community 
needs that have been identified as part of the 
community involvement process. Finally, a 
strategy was developed to guide the 
implementation of projects in the MCDC. 

This paper specifically addresses 
transportation aspects of the MCDC, focusing on 

economic growth and job creation 

development 

opportunities 

Figure I :  Mabopane / Centurion Development 
Corridor 

its role within the larger strategy to ensure that the 
original corridor objectives are met. 

2 ESTABLISHMENT OF THE MCDC 
TRANSPORTATION FRAMEWORK 

A transportation system supporting the principles 
of the MCDC was identified as one of the major 
elements to ensure the successful development of 
the corridor. Several goals with respect to 
transportation aspects were identified, including 
the following: 
0 promote public transport by the provision of an 

integrated public transport system 
provide a functional and balanced road network 
ensure route continuity throughout the corridor 
optimal use of existing infrastructure 

0 

0 
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integrate the development with metropolitan 
and regional planning frameworks 
provide cross-linkage with other corridors 
ensure flexible transportation infrastructure 
proposals that can be phased as development 
within the corridor occurs 
provide a transportation framework that 
develops, strengthens and supports nodes of 
opportunity 

Ultimately, the successful implementation 
of the above factors along with economic and land 
use strategies, should result in a two-fold outcome: 
0 the settlement of workers closer to their place 

of work 
0 a resultant reduction in travel times andor  trip 

lengths thus improving the social environment 
of the individual. 
The above approach is in line with Moving 

South Africa’s Strategy (a long term vision for 
transport in South Africa) for urban transport, 
where one of the key actions is the densification of 
transport corridors. Through the increased use of 
controls and incentives and the provision of public 
transport investments to support corridor 
densification, a much more efficient transportation 
system can be provided. For example, the 
densification of parts of the MCDC corridor 
(Soshanguve-in the north of the corridor-to 
Pretoria CBD) would result in improved vehicle 
utilisation and a total net transport cost saving of R 
3 million per annum. 

In order to move towards the 
implementation of the corridor vision, several 
structuring elements of the MCDC Transportation 
Framework were identified and are discussed 
below (Figure 1 also depicts the various elements 
of the framework): 

2.1 Mobility Spine 
The Mobility Spine can be seen as transportation 
infrastructure providing mobility throughout the 
region. This affects both through traffic 
movements as well as regional accessibility 
requirements. 

The mobility function within the MCDC is 
shared by both road and rail infrastructure. In the 
northern parts of the MCDC area the PWV9 fulfills 
the role of road-based mobility requirements while 
K71 fulfiIIs that role in the south, thus forming the 
central spine of the corridor. The Mabopane- 
Pretoria CBD rail line also plays a major role 
providing mobility in the northern parts of the 
corridor area, complementary to the road-based 
spine. 

2.2 Activity Spine 

An Activity Spine refers to a major road 
accommodating mixed land uses and high-density 
development immediately adjacent to this facility. 
Activity Spines should be major routes that are 
connected to one or more large activity nodes. 
Public transport should form a major feature along 
Activity Spine. 

Within the MCDC, the activity spine is 
generally aligned parallel to the mobility spine and 
is continuous where possible. 

2.3 Accessibility Road 
Accessibility Roads generally provide a linkage 
between the mobility and activity spines. Within 
the study area various such roads exist or are 
planned, mostly running in an east-west direction - 
thus supporting the north-south oriented mobility 
and activity spines. 

2.4 Activity Street 
An Activity Street is of a lower order than an 
Activity spine, referring to a local road that allows 
for a high degree of accessibility along its length. 
Within the MCDC, activity streets are planned to 
mostly provide access to railway 
stationshntermodal facilities andor direct access to 
development. The activity streets link the activity 
spine with the railway stations. 

2.5 Transfer Facilities 
Transfer facilities were identified as a major 
element of the future public transport strategy for 
the MCDC generally chosen to be close to main 
development nodes, also corresponding to the 
various desire lines. It was necessary to initially 
identify such locations where transfer would take 
place between road-based transport modes and rail. 

3 STRATEGIC PROJECTS 

The compilation of a Transportation Framework 
resulted in the identification of several projects 
regarded to be strategic so as to ensure the success 
of the MCDC. Five strategic transportation 
projects were identified and are discussed below: 

3.1 Establishing a mobility link across the 

The southwards extension of the PWV9 freeway 
through the Witwatersberg Ridge is seen as one of 
the major catalysts for development of the western 
part of Pretoria. A continuous mobility spine 
throughout the corridor will be established by the 
completion of this link. 

Witwatersberg 
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3.2 

No direct or freeflow link exists between the 
MCDC and the Ben Schoeman corridor (such as 
the eastern bypass around Pretoria). It is 
imperative that such a link be investigated to 
ensure a more direct link with the daily commuter 
traffic travelling between Pretoria and 
Johannesburg. Such a link should follow the 
desire lines of movement between the two 
corridors. The current planned major road network 
does not support this movement. 

Creating a link to the Witwatersrand 

3.3 Establishing the MCDC Activity Spine 

The activity spine should form the backbone of 
development throughout the corridor. This is 
where mixed land use will be established and core 
activities will take place. It is necessary to ensure 
that the activity spine be planned and aligned as 
such that it supports the proposed development, 
provides access to development as well as access 
to major stations. 

3.4 A Public Passenger Transport System for  the 
MCDC 

Corridor development started out as an initiative to 
provide more efficient transportation (specifically 
public transport) between two major nodes. 
Within the MCDC it is necessary to develop 
focused public transport strategies to facilitate and 
support mixed land use development. These 
strategies need to be integrated with land use 
strategies to ensure the provision of an efficient 
transportation system. 

3.5 Urban Port Development 
The Urban Port, at the intersection of two major 
freeways (PWV9 and PWV2), is seen as a major 
development node with a window of opportunities. 
Whilst the economic potential needs to be 
established and maximised, the success of such a 
development is largely dependent on its 
accessibility. The need to ensure maximum 
accessibility and adequate circulation within the 
Urban Port, was identified at an early stage. 

4 MCDC DEMAND MODELLING 

4.1 Objectives of Demand Modelling 
Demand modelling of the MCDC was necessary to 
address inter alia, the following: 
0 to assess the impact of the proposed MCDC 

land use on transportation infrastructure 
t) to evaluate the various strategic transportation 

projects (identified earlier) from a regional 
perspective 
to specifically evaluate the need for the PWV9- 
link as a strategic link for the western side of 
Pretoria 
to establish first order transport cost 
implications with respect to the provision of 
the PWV9 and supporting road infrastructure 
to assess network-wide accessibility and 
mobility requirements 

e consider the impact of tolling the PWV9 
extention to the south 

4.2 Study Methodology 

Road network modelling and public transport 
aspects were assessed jointly in order to address 
the objectives of the study. 

The GPMC Emme/2 model was utilized as 
the tool to assess the impact of implementing 
development proposals for the MCDC. The 
traditional four-step modelling process was 
followed i.e. trip generation, trip distribution, 
modal split and trip assignment. Trip generation 
was determined using a land use scenario based on 
a “most probable” economic growth projection. 
The year 2010 was chosen as the hture year for 
implementation. 

Three alternative road network scenarios 
were created, based on the existing 1998 road 
network. The 2010 committed road network 
represents a scenario which includes projects likely 
to be implemented by 2010 (according to various 
construction programmes), but excluding the 
PWV9. A PWV9 No-toll road network was 
developed, based on the 2010 committed network 
but inclusive of the PWV9 and several additional 
road linkages supporting the PWV9. This scenario 
does not allow for PWV9 to be tolled. The PWV9 
Toll road network is similar to the no-toll network, 
but takes into consideration the provincial Gauteng 
Toll strategy. 

Trip distribution, modal split and trip 
asignment were based on the same procedures or 
factors that were applied to develop the original 
GPMC Emme/2 model. The gravity model was 
applied to distribute trips between origins and 
destinations, based and calibrated on socio- 
economic characteristics of the Greater Pretoria 
Metropolitan Area (GPMA). Modal split 
differentiated between the various modes of 
transport, and was assessed for each of the road 
network scenarios. Trips were assigned according 
to user equilibrium principles, and allowed for 
additional delay in the toll road scenario. The 
tolling effect was modelled by adjusting the 
volume-delay functions by converting actual toll 
tariffs into time delay on the appropriate links. 
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The adjusted volume-delay functions on links 
where toll plazas are proposed, therefore has the 
following three elements: 

Total delay on toll link = delay due to 
normal congestion + toll tariff delay + plaza delay 
Throughout the above analysis process, distinction 
was made between the various modes of transport 
within the corridor i.e. minibus-taxi, bus, rail and 
private car. Demand for each mode was 
established and considered in the public transport 
assessment. 

4.3 Study Results 

The study results are discussed in conjunction with 
the study objectives. 

4.3.1 

The impact of the proposed MCDC land use on 
transportation infrastructure is best summarised by 
comparing the output of the demand modelling 
process for each road network scenario. The 
summary statistics for the various scenarios are 
provided in Table 1. 

Impact of the proposed MCDC land use. 

Table 1 : Land-use Scenarios 

Average speed 
in the study 
area 
No. of links at 
capacity (% of 
total) 

LAND-USE SCENARIOS 

Base Year 2010 MCDC 

- 
W W 00 

27 I 6o I 5 1  
51 

The implementation of the MCDC land use 
scenario will result in severe congestion, 
irrespective of various road network links 
introduce. As a benchmark, a comparison was 
made with the current GPMC base year model, i.e. 
corresponding to 1996 land use and the 1998 road 
network. In this case, an acceptable average speed 
on the major network of 5 8 W h  is attained, whilst 
27 % of road links are at capacity (i.e. operating at 
unacceptable levels of service). 

The introduction of the MCDC land use 
with trips assigned on the base network results in a 
decrease of the average travel speed to 12krrd1, 
while the number of links at capacity more than 
doubles. These figures slightly improve with 
various road network links added to the base 
network. However, even in the best case (PWV9 
network no-toll) the average speed is only 34 km/h 
while approximately 44 % of all major road 
network links are at capacity. 

4.3.2 Evaluation of the strategic transportation 
projects. 

PWV9 Mobility Spine. The need for the 
southwards extension of the PWV9, as 
continuation of the mobility spine, is clear if one 
considers the assigned volumes on the southern 
links of the PWV9. The peak hour assigned 
volumes on the link where the PWV9 crosses the 
Witwatersberg Ridge for the two PWV9 scenarios 
range between 5 000 vph and 7 000 vph (both 
directions) in 2010. Already this equates to a 
demand of three lanes per direction. 

Benefit-cost estimates were calculated for 
the three road network scenarios. The benefits 
calculated refer to transport user benefits arising 
from a reduction in vehicle kilometres travelled on 
the network. The costs were calculated 
considering the proposed road network 
improvements within the study area. The 
calculated benefit-cost ratios were larger than one 
in all cases, thus confirming the need and 
importance of construction of the PWV9. 

Witwatersrand Link. Although no detailed 
modelling of the linkage with the Ben Schoeman 
corridor was done, a high demand on possible 
alternative routes within the desire band was 
observed. 

Activity Spine. The assignment results 
show a clear demand for the proposed activity 
spine from a capacity point of view. This is 
especially true in the north western part of the 
study area, where the activity spine is shown to be 
at capacity. 

Public transport assessment. The demand 
modelling confirmed the dire need for an adequate 
public transport system within the corridor. A 
distinct public transport strategy was not developed 
in the course of establishing the demand. This is 
mostly due to external factors influencing such a 
strategy which needs to be in place prior to 
formalising a MCDC public transport strategy. 

Urban Port Development. The 
densification at the Urban Port was included in the 
demand modelling process. Subsequently, trips 
with an origin or destination in the Urban Port 
were established and can be used as input to more 
detailed analyses of the said area. 
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4.3.3 
Even though sections of the PWV9 were tolled in 
the demand modelling exercise, assigned volumes 
on the section remains high. It was recognized that 
through tolling sections of the existing freeway 
towards the north, one could actually stimulate 
development by forcing users onto the activity 
spine. However, the toll strategy for the larger 
area still needs to be firmed up within the next 
year, resulting in any discussions in this regard 
being of a preliminary nature. 

The impact of tolling the PWV9 

Equilibrium travel 
times 

Soshanguve 
Klip/Kruisfontein 
Atteridgeville 
Lotus Gardens 
All origins 

5 ACCESSIBILITY / MOBILITY 
CONSIDERATIONS 

ROSSLYN Average of All destinations 
Base 2010 PWV9 PWV9 Base 2010 PWV9 PWV9 

Network Cornrnited Network Network Network Comrnited Network Network 

1998 Network No toll Toll 1998 Network No toll Toll 

256.9 80.1 59.1 58.7 353.1 130.7 99.1 115.2 
229.8 63.2 37.1 37.6 326.5 106.6 73.4 86 
105.8 63.2 47.5 58.4 55.3 48.8 43.5 50.4 
90.5 53.7 35.8 46.0 39.9 35.4 30.1 35.5 
222.5 64.8 40.1 41.6 177.8 75.4 57.5 67 

5.1 Background 

A key objective of the MCDC strategy is, as 
indicated in the first section of this paper, to reduce 
travel times or distances between residence and 
place of work. Although this aspect is dealt with 
implicitly in the four step process, the output of the 
transportation demand modelling is not presented 
at a micro level for one to ascertain whether these 
objectives have been met through transportation 
infrastructure improvements. An accessibility 
analysis (also implying mobility in the regional 
sense) is performed to determine whether the 
relative accessibility within the study area has 
improved given the proposed transportation 
framework. 

Accessibility has generally been defined as 
some measure of spatial separation of human 
acivities. An accessibility index is generally 
devised by utilizing distance, travel time or travel 
cost between trip origin and destination. 

5.2 Accessibility analyses results 

An extract of results of the accessibility analyses 
are provided in Table 2. A comparison between 
various network scenarios is given by, as an 
example, comparing accessibility measures 
between the same residential zones (Soshanguve, 

Klip/Kruisfontein, Atteridgeville, etc.) to a major 
employment zone (Rosslyn). The second part of 
the table shows the accessibility measures between 
the same residential zones and the average of all 
destinations. 

The results show a clear improvement in 
the accessibility index (measured by equilibrium 
travel time) through road network improvements. 
The accessibility of Rosslyn - probably the most 
important employment node within the MCDC - is 
drastically improved. If one considers the cell 
value to be the equilibrium travel time from one of 
the residential zones to Rosslyn, the figure (post 
network improvements) ranges between 25 % - 50 
% of the original. For the base case, the cell values 
appear to be too high to represent average travel 
times between the zones; however, one must bear 
in mind that these figures represent severe 
congestion. The PWV9 No-toll network generally 
provides the best accessibility. 

Similarly, if one considers the equilibrium 
travel time from the residential zones to all 
destination zones, a clear reduction in travel times 
for the various network improvements are shown. 
Furthermore, if one considers all origins and all 
destinations within the larger study area, average 
travel time has approximately been halved through 
the introduction of various network improvements 
and the PWV9 extension. These results confirm 
the importance of implementing the various 
network scenarios, especially the PWV9, in order 
to ensure a proper level of accessibility along the 
MCDC. If implemented, increased accessibility 
will contribute to successful implementation of the 
MCDC. 

6 TOWARDS IMPLEMENTATION 

6.1 The Integrated Growth and Development 

Since the approval of the Integrated Growth and 
Development Implementation Strategy (IGDIS) for 
the MCDC, fourteen strategic projects that will 
contribute to the success of the MCDC 

Implementation Strategy 
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development initiative were identified. Three task 
teams (Le. the Spatial Development Task Team, 
the Business Development Task Team & the 
Social Development Task Team) were established 
to facilitate implementation of these strategic 
projects. Good overall progress is being made on 
the strategic projects, although shortage of funds is 
a major concern. 

6.2 Lessons learnt 
In the course of current planning initiatives and 
steps towards implementation, several valuable 
lessons have been learnt. These lessons, as listed 
below, need to be borne in mind as one moves 
forward to practical implementation of the MCDC: 

the overall vision of the MCDC needs to be 
communicated regularly 
all major roleplayers andlor stakeholders needs 
to share this vision 
a clear and focused development framework 
need to be established to provide broad 
guidelines for development initiatives 
the framework needs to be robust 
development proposals need to be 
communicated between the various disciplines 
to ensure coordination of activities 
forums need to be established where applicable 
activities can be discussed 
all spheres of g o v e ~ e n t  need to be partners 
in this development, thus taking ownership at 
all levels 
imp~ementation of projects should only follow 
once proper planning is in place and 
consultation with affected parties has been 
undertaken 
an indiv~dual is required as a driving force to 
ensure the ultimate success of the project. 
Individuals within the main disciplines, who 
strongly support the principles of the MCDC, 
need to continuously support the project 
manager 
there should be a proper ftrnding strategy for 
implementation of developmental projects 
within the MCDC 
political commitment at all three spheres of 
government to ensure implementation 
complexity of public transport leader to back of 
focus and direction 
a proper framework for public transport needs 
to be established to ensure focus and direction 
in implementing such projects 

CONCLUSIONS 

transportation aspects within the corridor is on the 
improvement of accessibility and to provide an 
integrated transportation framework that wiIl 
support and strengthen the development potential 
of the MCDC. Integration with land use aspects is 
also essential to ensure that the u~timate objective 
of reducing trip lengths and times within the 
corridor is achieved. 

The importance of the various strategic 
projects was underlined through demand modelling 
using the GPMC Emme12 model. Specifically, the 
need for construction of the southern link of the 
PWV9 was clear. Furthermore, results show a 
serious lack of capacity for the ftrture road 
networks, thus underlining the importance of a 
comprehensive and efficient public transport 
strategy for the MCDC. Accessibility analyses 
show a vast improvement in reduction of travel 
times between major residential zones and zones of 
employment, considering the various 
improvements to the transportation network. 

Finally, an overview of current initiatives 
with respect to strategic projects within the MCDC 
is provided. It is clear that the continuous “buy in” 
from all spheres of government and the willingness 
to provide funds to enhance the corridor principles 
on an ongoing basis is of paramount importance to 
secure the MCDC’s position as a success story in 
urban redevelopment. 
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AI3 STRACT System Scientists have begun to evince considerable interest in large scale socio-economic sys- 
tems which profoundly influence the environment in which man lives The living conditions of majodmedium 
sized cities of India have deteriorated under the pressure of exploding population, rapid urbanisation and in- 
dustrialization To sustain the pace of urbanisation and industrialisation, there has to be a commensurate 
growth i n  the urban infrastructure In this context transportation is the most important single component un- 
structured i n  shaping urban development and urban living 

In this paper, we present a comprehensive transportation/ communication network planning using the cele- 
brated Lowry’s model for the city of TAJ, A G M .  This work also highlights the effect of communication links 
on the transport-energy environment scenario. 

1 ZNTRODUCTION 

In the present day world any attempt to solve one 
probleni results i n  aggravating other problems. For 
example an attempt to solve the problem of trans- 
portation results i n  various other problems viz., dete- 
rioration of environment and excessive pollution and 
also it has an adverse effect on the energy scenario. 
Physical system theory with graph theoretic ap- 
proach, analogies and modeling techniques has 
emerged as a potential ton1 for solving large-scale 
real world problems. 
Agra, the city of Taj has its unique identity on the 
world platform. Agra enjoys a big stack in tourism 
and hospitality sector but its importance is growing 
a s  a center of education, banking, industry and com- 
merce. The city, is viewed as a set of activities that 
interact and generating flows. Activities and flows 
take place i n  adapted space and channel space re- 
spectively. The location of activities of each type 
depends on factors taking place elsewhere i.e., at re- 
gional scale. The city can thus be considered in terms 
o f  migration movements, simulated by employment 
opportunities. 
Against such a backdrop this work examines the 
celebrated Lowry’s model for strategic planning and 
provides useful insights by offering a graph theoretic 
interpretation to it. Besides empirical implementation 
o f  an operational version of the Lowry’s model in the 
form of an inter-constrained gravity model, the work 

also examines the activity allocation and transport 
demand implicatjons of a range of developmental 
concepts as a case study of strategic planning for 
Agra, a medium sized city, which was not properly 
planned in the past and growing fast without any 
controlled planning. The present work addresses the 
problem of strong interactions between the commu- 
nication and transportation. In this context, it is also 
shown that incorporating communication links pro- 
duces a dramatic change in the efficient use of trans- 
port as well as corresponding improvements in envi- 
roninental conditions and energy saving. Further, this 
work assumes utmost importance in view of the pro- 
posal of Taj Trapezium and Varadarajm Committee 
report which recommended shifting of all non eco- 
friendly industries within a radius of 50 Kin with Taj 
as centre. 

The introduction of incumbent parameters requires 
rigorous and structured efforts to develop a realistic 
model of a major/ medium class city. Specially, those 
cities, which are not properly planned in past and 
growing fast without any controlled planning. 
System approach and high-speed electronic comput- 
ers do the hndamental modeling for urban & metro- 
politan planning and decision making. It provides the 
necessary capacity for handling large amount of sta- 
tistical information and also step-wise refinement of 
the model response using repetitive procedures; 
(Hutchison. 1990), to predict residential development 
based on proportionality uses: 
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i .  Between accessibility of one point and size of 
activity of another point. 

ii .  Function of distance separating one point 
from another point. This model predicts the 
level of residential development of a zone. 

The celebrated Lowry's Model of metropolis, which 
has attracted the attention of a large number of plan- 
ners, allocates residential population around a work 
place in proportion to the potential of accessibility to 
employment. Its simplicity, operationality, adapt- 
ability, modest data requirements, comprehensiveness 
and the implied integrated land-use and transporta- 
tion planning are adequate justifications for the se- 
lection of the Lowry's model of metropolis out of the 
various land-use models for strategic transportation 
planning studies of the city of raj ,  Agra (Rajku- 
mar. 1979). 

2 SYSTEM OF EQUATIONS OF LOWRY'S 
MODEL OF METROPOLIS 

With the Lowiy's model of metropolis, the spatial 
distribution of basic einploytnent is allocated exoge- 
neously to the model, and the spatial distribution of 
households and population serving employment are 
calculated by the model The zonal allocation rules 
for both households and population serving employ- 
ment are specified within the number of households 
for any zone and the minimum population serving 
employment thresholds for any zone are speci- 
fied.(Rajkumar. 1979), (Satsangi. 1970) 

The structure of the Lowry's model of metropolis 
is expressed by the following system of equations. 

11, e A (1) 
(2) 
( 3  1 L. -4: H e '  e e  

where p = a row vector of the population or 
households within each of the n zones; e = a row 
vector of the total employment in each zone, e' = a 
row vector of the population serving employment in 
each zone, eh = a row vector of the basic employment 
in each zone, A= an nxn matrix of work place to 
household accessibilities and R = an nxn matrix of 
the household to service center accessibilities 

The accessibilities matrix A may be expanded as 
follows 

A = [a'r,] . [a,] (4) 
where a'], = an nxn square matrix of probabilities 

of an employee working in I and living in 1 and a, = 

an nxn diagonal matrix of the inverses of the labour 
participation rates, expressed either as population per 
employee or house holds per employee. 

The accessibility matrix B may be expanded as 
follows 

R = rb:,i .[w ( 5 )  
Where I,',, = an nxn square matrix of probabilities 

that the population in j will be serviced by population 
serving employment in i,  and h, = an nxn diagonal 
matrix of the population serving employment to 
population ratios 
The zorial Constraints 
The distribution of activities produced by the above 
set of equations should be such that following con- 
straint equations are satisfied 

y 5 pc and e' 2 e"""' (6) 
Where y" = a row vector of the population holding 

capacities of each of the 11 zones, e""'" = a row vector 
of the population serving employment thresholds 

2.1 Lowr.~~ 's model ofMeir.oyo1i.s as ari itifer- 
constrained Gmvity model 

Any gravity model is based on the hypothesis that 
the interaction, t;, , between an origin zone i and 
destination zone j for a particular flow is : 
i .  Directly proportional to demand requirement gen- 
erated at the origin zone i, denoted by Pi, 
ii. Directly proportional to number of size of the op- 
portunity (or attraction) in zone j as implied by Pi. 
111. Proportional to some function of distance or 
cost of travelling from i to j, dlj say a function de- 
creasing or increasing. 

In these models, the number of trips produced or 
attracted by each zone can be used as the mass vari- 
able instead of the measure of relative attractiveness. 
Therefore, certain constraint must be introduced to 
ensure internal consistency within the model between 
estimated trip distribution and externally derived 
trips 

... 

2 1 1 Producfion Corzstmned Gmvity Model 

distribution and a large number of shopping centers 
PI  = The expenditure power available at zone i 
P, = Attraction power of the shopping centers 

(number of shops, number of retail employees, shop- 
ping floor space and retail sales themselves) 
(Lowry, 1964) 

The constraint is that the sum of retail expenditure 
made by the residents of zone i over all the shopping 
centers considered must equal to the total expendi- 
ture of the residents in zone i 

The model is an interaction between a population 

2 1 2 A ~ t r m t r o r i  Comfizlrned Gravity Model 
This model IS similar to the residential part of 
Lowry's model of metropolis in that it allocates resi- 
dences, or residential population, around workplace 
by using a distance deterrence distribution function, 
but zonal attraction power is also introduced Ac- 
cording to the model 

r,, = H, ", E.f(c , , )  (7) 
Where, PI = 'attraction power' of zone i as a 

place of residence, A, = 'attraction power' of zone j 
as a place of employment (number of jobs in zone j ) 
There is only constraint that the sum of the number 
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of people living in i and working in j can not exceed 
the number employed in j .  (Lowry, 1964) 

1 i H ,  now represents the expenditure of residential 
zones for residents constrained by attractions(Jobs), 
or the accessibility of employment zone j to residen- 
tial opportunities. 

2.1 . 3  I~ifer.-coii,sfizrined Gmvi fy Model & Lowry ’s 

The inter-constrained gravity model combines the 
features of both the production and attraction con- 
strained gravity models such that the output of a 
gravity mGdel becomes the input of another. The ba- 
sic employment available at all the zone is distributed 
among these zones by means of the attraction con- 
strained gravity model. The activity rate for the study 
area helps in population distribution, which is used to 
estimate the distribution of service trips and there by 
service employment, using production constrained 
gravity model. The allocation of service employment 
generates estimates of resident population using at- 
traction constrained gravity model. The extra service 
workers are located in different zones depending 
upon the relative accessibility and attractivity of each 
zone. The iterative procedure is continued till equilib- 
rium is achieved. 

The general process of calculation involved in the 
Lowry’s Model can be expressed more precisely by a 
series of equations beginning with the attraction con- 
strained gravity model which is used to find the dis- 
tribution of residence of the workers, (Lowry, 1964). 

From the distribution of residential population the 
distribution of service trips can be calculated by a 
production constrained gravity model. (The Equa- 
tions of Lowry’s Model and various gravity models 
are not shown here for the want of space. Please re- 
fer (Lowiy, 1964) for more details). 

Mode J 

2 2 1 l ~ l l l j ~ l l ~ l C ~ d  l t 1 l ~ ~ I L l l l e l ~ f ~ l l l O l l  

In the pi esent study, the entire region of the Agra 
Urban has been divided into 13 sub-zones The basic 
employment in each zone, land area of each zone, 
total population of Agra urban area, total employ- 
ment of Agra urban area, maximum population con- 
straints, minimum population serving employment 
threshold constraints, Average inter-zonal move- 
ment , average intra-zonal movement surface area of 
each zone and overall attractivity factor for the Agra 
urban area is calculated using the following steps 

The dis-aggregation of the total employment into 
employment in basic industries and deployment in 
population serving industries is achieved through the 
import-export statistics of Agra as revealed through 
the survey of inter-state goods traffic by road of 
Agra 

For the each zones of Agra, as a measure of rough 

classification, the employment in industries of major 
group (as per NIC 1970), whose exports (quantity/ 
value) exceed imports (quantitylvalue) and categories 
of service which are of nationallinternational rele- 
vance is taken as constituting employment in basic 
industries while the rest is assigned as employment in 
population serving industries 

The surface area for each zone is computed on the 
basis of number of workers employed in major and 
minor organizations and average surface occupied 
per employee as per the master plan of Agra Area is 
computed by master plan by using land-use sample 
survey done by the Agra Development Authority 

The intra-zonal movement is computed by deter- 
mining the centroids of these irregulars shaped zones 
The attraction centers are concentrated and assuming 
the production centers (residence) to be located on 
the periphery of these zones (agreement with the de- 
velopment plan of Agra urban area) and then aver- 
aging the movements from attraction center to pro- 
duction centers and vice-versa. The inter-zonal 
movement on the average is taken as a distance from 
the centroids of a particular zone to the centroids of 
all other zones in the study area 

2.2.2 Pwjection Me fhodology 
For the year 1971, data regarding population, 

population serving employment and basic employ- 
ment is available. However, Lowry’s model was used 
to simulate these parameters to validate the model. 
Simulated data and existing data were compared for 
various attractivity factors. For the least percentage 
error, best attractivity factor was chosen for different 
zones. It should be noted that one important aspect 
of this study is that by using Lowry’s model, these 
parameters were simulated and projected for the 
years 1981 and 1991 also for least error-. There by 
validating this model for 1971, 1981 and 1991 for 
which data was available. The simulated results are 
very close to the available data, thus showing the, 
robustness of the model. 

Projection of various parameters using Lowry’s 
Model for years 1999, 200 1 ,  20 10,2020 is done with 
the help data of years 1971,1981 and 1991 using 
non-linear analysis and by performing regression 
analysis, 

Computation and projection for successive years 
requires projection of its parameters like (Population, 
Area, inter-zonal distances, House Holds, Houses, 
Basic Employment etc.). The growth is exponential. 
The projected values are extrapolated from initial 
values. Extrapolation increases or decreases the val- 
ues by a constant value that is based on the difference 
between starting value and extrapolated value. To 
extend complex and non-linear data, the function is 
programmed for predicting future values based on a 
linear regression of a range of known data. It returns 
expected values for hture  target years. Further, the 
function is programmed for extrapolating future val- 

437 



Table I .  Prqjectioii of Population for target years 1999, 2001, 

200 1 2010 2020 
I 49,349 52,700 60,785 69,768 
11 92:113 95:l 12 113,230 133,361 
11 I 28.996 30,997 36,559 42,739 
1V 48.756 50,843 59,695 69,531 
V 136,456 140,841 157,871 176,794 
V1 119.978 125,604 134,714 144,836 
VI1 146.314 151,515 167,887 186,078 
Vlll 163.305 168,909 193,488 220,798 
JX 8 9 ,O 9 5 95:098 109,366 125,219 
x 140,568 142,929 162,157 183,521 
XI 173.567 183:968 209,876 238;662 
XI1 24.3.566 260,084 317,150 380,556 

............................................................................. 

XI11 6 1.567 65;566 75,261 86,033 

........ XlV ............................... 1.495 ,1,,_,,,..,,~.~!57,’-”,0 

Table 2. Projection of Service Employment for target years in 
various zones of Agra. 

z,ones 1999 2001 20 10 2020 

I 8,745 9,432 11;018 12.779 
11 12,345 13,547 15,869 18,449 
11 1 5.475 6,O 16 7;389 8.915 
TV 2,475 3.125 3,100 3,073 
V 13,976 14,122 15;143 10.278 
VI 18,457 19,747 23,093 26.81 1 
VU 22,565 23,658 27;136 31.001 
v1 I1 31,987 33,217 39,176 45.797 
M 7,695 8,745 9,926 11.239 
X 27,657 29,458 35.944 43.150 
XI 24,474 25,050 28,226 3 1.756 

XIII 7,587 8;341 9,778 11.375 

. . L ~ . . . . ~ . L u ~ _ y y .  ........................... ...--,, .................................................... 
. __l.l___l_ ........... 

XII 12,456 10,711 9,129 7.371 

_-. x.. _... ..._,...-...... ..... -,,. ...... 2.L~a.%.?-.,v,< ....... 257:. E. 

.......................... Table 3. Projection ,I....*.<*.<< of Basic Eiiipl ......... 
zones 1999 200 1 20 I 0  2020 

I 4,32 1 4.096 3,879 3>638 
U 7,531 7;694 7,973 8.282 

.............................. 
................................................................................................................................. 

Ill 1,994 1.839 1,678 1.499 
IV 8;584 9.063 10,971 13.091 

V 27,564 28.008 33.468 j9.534 
vl 21;453 22.775 26,368 .30.360 
VII 26;574 28:751 33,333 38,424 
VIE 23,475 24,100 26,204 28:543 
Ix 8;234 8,711 9,626 10.644 
X 1 1,437 10,407 9.616 8.737 
XI 28,943 30;274 35,682 4 1 .69 I 
XLI 55,697 57,474 72J52 88,883 
XIII 12,493 11,268 13,328 15.616 

22:?&...> 244Z11(,!!> .......... 2842478..> ....... ,!2?:.??2. 

ues of parameters that extend a straight line or expo- 
nential curve that best describes the existing data. 

T a b l e w r o f B e s t 2 r 9 f o r t a r g e t v e a r s .  ,,,_ ~~.~ 
1999 2001 2010 2020 

Name & Zones . .. 

Foundry Nagar, I ,155 0.lcX3 0.243 0.293 
Rambaugh, II ,170 0.198 0.243 0.293 
Itidustrial Area, Iu ,155 0,195 0.238 0.285 
Etmaddolla, IV . I55 0.195 0.238 0.285 
Sultan Gaiij, V ,155 0.195 0.238 0.285 
Hospital Road, VI ,155 0.192 0.234 0 282 
Nai ki Mandi, W .I70 0.198 0.243 0.293 
Bodla. WI ,170 0.192 0.234 0.282 
Sikundra Urban, E ,170 0.195 0.238 0.285 
Trade site, X ,155 0.198 0.243 0 293 
Tqj ganj , XI ,170 0.198 0.246 0.298 
New Agra, XII ,155 0.195 0.240 0.290 

--.--___I 

,170 0.202 0.249 0.301 L ~ ! ? ~ m ~ ? ? ~ ? ~ ~ ~ x ~ ~ . , . ~ . . , ~ . ~  ..., ~ ,,.. ~ ~ ~ ~ . . ~ ~ ~ ~  .,..,... ~ , ~ ~ .  . ......., ~ ..,... .,,,. ,. ..... %*. .I,.. ......... ,,. 

’ Pro-jections for the various factors were calculated 
for 1999,2001, 2010, 2020 with help of nonlinear 
intrapolation method for different zones of Agra 

i Attracttvity Factor for different zones is different 
Before actual prqjection, best fitted attractivity 
factor (W) was chosen for least percentage error 
for different years and for all zones Percentage 
error is calculated by 
(Simulated value - actual value) * 0 01 
lntra zonal distances are also intrapolated 

Lowry’s model was simulated for service em- 
ployment and population for targeted years by using 
a computer program developed in Visual C++. Ta- 
bles 1 through 4 show various simulated data of 
various parameters 

3 EFFECT OF ADDING TELE-COMMUNI- 
CATION LINKS IN TRANSPORTATION 
PLANNING: 

Telecommunication has emerged as an important 
factor in socio-economic development of a region 
Telecomiiiuiiication links between zones are having 
great potential to reduce a large number of trips be- 
tween zones Due to incumbent technologies like 
Internet, WAN, faxes, Teleconferences, virtual real- 
ity, multimedia and Hypermedia exchange of infor- 
mation fi-om the source to destination, can be effec- 
tively achieved These technologies have given birth 
to E-commerce, E-business, Tele-education, Tele- 
shopping, Home Shopping, Mobile, Small and dis- 
tributed of‘fices etc In the present study reduction of 
trips with the introduction of telecommunication 
links has been incorporated, which will ease traffic 
congestion i n  Agra The city of Taj has muti-modal 
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Tablc 5. Nimbcr  or Links between zones. various calls made 
in u r i o u s  
%oiies Capicit!, A\vi-age Calls made in Trip Avoidable Calls 
......................................... .................... 

I A h s  ihrs iI'eak I-Ii-s.-s.) 3 hrs ( peak llrs.) 

I 
11 
111 
IV 
V 
v1 
v1 I 
Vlll 
IX 
X 
XI 
XI1 
Xlll 
XlV 

4.000 

4.250 
6,000 

2.000 
6.000 
7.050 
7.000 

4.5l)O 
3 .  51 )I 1 

4.000 

4.500 
10.000 

10.500 

73.300 ................ ., . .,, . 

40.3 1 
5.240 
7.3 '17 
2.466 
7397 
S.640 
s. 6.3 0 
5.548 
4.31.; 
4.93 1 
5.541; 
12..328 
12.945 
9O..Nj ................................-- " , , , ~ * . ~  

2,404 
2522 
3,606 
1,202 
3,606 
4,212 
4;207 
2,705 
2,104 
2,404 
2,705 
6$10 
6,311 
44;024 

,Ixy.x,yIxu~,,~,, ....... 

transportation system depending on various income 
groups of the society. A pilot survey was carried out 
to know the average inter-zonal and intrazonal trips 
(Leblatic. 1992), (ALI. 1988) and average trip lengths 
were calculated for the entire city for the year 1999. 
Two time slots were chosen for pilot survey i.e., 
Peak 3 Hrs and any other three hrs. A sample survey 
of 300 population was carried out by questionnaire 
and also by observations of traffjc pattern on various 
zone junctions. This sample was exponentially pro- 
jected over simulated population of Lowry's model, 
service employment and basic employment for the 
year- 1999. The results of survey and projections re- 
garding trips in various zones for- year 1999 are rep- 
resented i n  the form of Graph I ,  

Table 5 shows the projected results of pilot survey 
and it also shows the present status of trip avoidable 
calls with respect to the available communication 
links. A number of suitable locations in each zone 
have been identified where, if more communication 
links are installed then larger number of trips can be 
avoided. The results of the study are shown in graph 
2 and graph 3 .  Thus, The study clearly reveals that by 
adding communication links between zones, the 
transportation pattern of the city can be tremen- 
dous!y changed, number of trips reduced. 

4 POLLUTION REDUCTION AND ENERGY 
SAVING DUE TO ADDITION OF COMMU- 
NICATION LTNKS 

Transportation of a city is one of the major influ- 
encing factors in environmental pollution. Further, 
the rate of fuel consumption may be treated as one of 
the parameters, which causes pollution. It is very ob- 
vious that if we add communication links as illus- 
trated in previous section (3)' the number of trips 

made by various modes of transportation will be 
greatly reduced and thereby, reducing pollution and 
energy, consumption. For working out the details of 
reduction of pollution levels and thereby, reducing 
energy consumption, a survey was carried out for 
calculating number of trips made by various modes of 
transportation. Study shows that 35% of modal split 
is motorized vehicles, which causes pollution. 
The study identifies that if more number of telecom- 
munication links is installed between zones then a 
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Tablc 6 Study of Telecoiiiiiiuiiicatioil links aiid fucl s a l  iiig 

for year 1999 ( 3 peak Hrs ) 

Zones Capacity Fuel saving (Liter) 

I 
II 
III 
IV 
V 
vl 
w 
m 
U( 

X 
XI 
XI1 
XIII ,,,,, \,,%..% ,\... .. .>. ...-. >> 

4,000 
4,250 
6,000 
2,000 
6,000 
7,050 
7,000 
4,500 
3,500 
4,000 
4,500 

10,000 
10,500 

.>,,,%.,.>,...\\..>~ .... >..* ........ 1 >.% 

281 
306 
42 1 
140 
42 1 
492 
49 1 
316 
246 
281 
316 
702 
737 ,,.....I,.\,>.*..>... 

large number of trips can be avoided (Section 3). 
This avoidance can result in fuel conservation, which 
is a parameter for pollution reduction. 

Following section of the paper is a method of cal- 
culating reduction of fuel consumption due to addi- 
tion of communication links in a zone. 
Fuel saving = Sum (number of trips avoided with 

added links by motorised vehicles * Average Trip 
length * Consumption rate) (8) 

? -  I he survey reveals the following, 
The average trip length by motorized vehicle = 6 67 
Kin 
The average trip made in peak 3 hrs from one zone 
to another by different motorized modes is shown in 
Graphs 4 

The above study clearly reveals the effect of add- 
ing communication links results in saving a large 
number of trips, thereby reducing pollution and sav- 
ing i n  energy consumption 

5 CONCLUSION 

In the present study, Lowry’s model of metropolis 
has been implemented for the city of Taj, Agra for 
predicting the growth and transport pattern for a 
number of Target years upto 2020 based on Master 
plan of Agra. It has also been shown that adding 
telecommunication links at appropriate locations in 
various zones results in reducing a large number of 
trips which are avoidable by if these links are pro- 
vided Further, It has been shown that adding of 
communication links results not only in easing traffic 
congestion and hazards on the roads but it also re- 
duces environmental pollution due to motorized ve- 
hicles and saving in energy 
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ABSTRACT: This paper introduces the “Comprehensive Transportation Plan in Managua in the Republic of 
Nicaragua” conducted in 1998 by Japan International Cooperation Agency (JICA) with an emphasis on the 
interaction between land use and transportation planning. In the JICA Study, land use plan was explicitly 
formulated after a quantitative comparison of several alternative scenarios of urban development in terms of 
road traffic volume and investment cost for transportation infrastructure and urban redevelopment. 

1 FORMULATION OF THE MODEL 

Japan International Cooperation Agency (JICA) has 
conducted a number of urban transportation 
planning studies in large cities of many developing 
countries. Long-term transportation planning should 
always be carried out in parallel to or in conjunction 
with, land use planning because large cities in 
developing countries are characterized usually by 
rapid urbanization. However, in the JICA Studies, 
land use planning has been done in a limited manner 
such as pro-jection of population, employment and 
car ownership by zone. Namely, land use planning 
was not done in the real sense of the word. The 
situation is the same also for other studies conducted 
by other donor organizations. The reasons are 
threefold: 
1 Land use plan is sometimes existing though it is 

often ineffective. 
2 Land use plan should not be prepared merely 

based on transportation aspects. It requires huge 
inputs and efforts of various fields to work out an 
effective land use plan. 

3 There is often no guarantee for a newly prepared 
land use plan to be implemented and followed 
due to deficient administrative systems. 
In Managua, however, the situation was different 

on the following points: 
1 Land use plan was not existing excluding the 

former Central Business District (CBD), which 
was seriously destroyed by the earthquake in 
1972. 

2 Managua is a compact city with a population of 
1.2 million as of 1998, and maps of current land 
use were readily available. 

3 Urbanization of Managua is apparently led by 
road development. Land use control was 
considered essential to construct an 
environmentally sustainable city. 

4 The city government of Managua intended to 
authorize and enforce the land use plan. 
Thus, in the “Comprehensive Transportation Plan 

in Managua” conducted by JICA in 1998, the Study 
Team has decided to work out a land use plan 
explicitly in the form of zoning maps. This paper 
aims mainly to introduce the process of this land use 
planning. 

2 SOCIO-ECONOMIC CHARACTERISTICS OF 
MANAGUA CASE STUDY 

Managua with an area of about 3,465 square 
kilometers, is the capital of Nicaragua. It is located 
along the southern shore of the Managua Lake and 
its urbanized area is approximately 250 square 
kilometers. 

A devastating earthquake hit and destroyed 
Managua in 1972. Since then, disorderly 
urbanization of low rise buildings went on towards 
the suburbs and the damaged city center was left 
untouched. Furthermore, a civil war occurred in  
1979 between the Sandinista government and the 
Contras supported by the US government and it 
continued until the cease-fire in 1990. During this 
period, Nicaragua’s economy was strangled and its 
negative growth continued until 1993. Nicaragua’s 
social and economic recuperation has started only a 
few years ago. Population of Managua was 
estimated at 1.2 million in 1998. Per Capita GDP in 
Managua is about US$ 620, 50% higher than the 
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national average (US$ 420). Nicaragua is one of the 
least developed countries in Central and South 
America. However, its car ownership is relatively 
high at about 20%. 

In 1998, the total number of trips generated in a 
weekday in Managua was about 2.5 million in which 
95.8% were made by residents in Managua and the 
remaining 4.2% by non-residents. In Managua, 
private mode shares 36.5% and public mode 35.1%. 
The remaining 28.4% is by non-motorized modes 
such as walk and bicycle. Of the private mode, cars 
share nearly 80%, and the bus is the only choice of 
the public mode. Namely, the modal choice in 
Managua is simple, i.e. car or bus. 

The total road length in Managua is estimated at 
approximately 1,100 km at present. It is composed 
of 4-lane and 2-lane roads. Most of major arteries 
are of 4 lanes in urban areas but there are still many 
2-lane road sections that should constitute the basic 
network. 

The most heavily trafficked road section is the 
Pan-American Highway with a traffic volume of 
about 55 thousand vehicles per day. Some other 
roads also show a large traffic volume of about 30 to 
45 thousand vehicles. In a few sections, 
volume/capacity ratio exceeds 1 .O. 

Indicators 
Population: 000 

Employment: 000 (%) 

No. of Viviendas: 000 
Average Vivienda Size 

Primary 
Secondary 
Tertiary 

No. of Students/Pupils: 000 

Managua 
1,200 

6.25 
349.3 ( 1  00.0) 

4.1 (1.2) 
73.5 (21.0) 

271.7 (77.8) 
413.3 

2,470 Average Income/Viviendas: 
CYmonth 

Car Ownership 
Car Owning Vivienda: YO 
No. of Registered Vehicles 
(inc. motorcycle): 000 

Ownership Rate: No. /OOO pop. 
Source: Person-trip survey ( 1  998) and various official 

statistics 

and school place, respectively. US$ 1 = C$ 10. 
Note: Employment and school attendance are at workplace 

3 CURRENT LAND USE PLANNING IN 
MANAGUA 

At present, there is no legal basis with regard to land 
use planning at the national level. At the city level, 
however, some regulations are existing. In the case 
of Managua, they are: 
1 Master Plan of Central Area of Managua (1994) 

This plan was authorized in 1994 for the former 
CBD destroyed by the earthquake in 1972. The 
planning area is 520 ha. Following this plan, 
major construction works have not been 
implemented until recently. 

2 Regulatory Plan of Managua (1982 and 1984) 
This plan includes regulatory guidelines on 
zoning, land use, construction permit, road 
structure, parking and so on. However, no actual 
regulation in the form of maps is not shown. 

3 General Plan of Urban Development of Managua 
The city of Managua is currently conducting this 

planning study. The result of the JICA Study is 
expected to form part of this plan since close 
discussions were held between the city and the study 
team. 

At the time of the JICA Study, the only effective 
land use plan was for the former CBD of Managua. 
The fact that the city intended to legalize a land use 
plan for the entire area of Managua was one of the 
major incentives for the JICA Study Team to work 
out a land use plan. 
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4 ISSUES ON LAND USE PLANNING 

Indicator 1 1998 1 (on I998 network) 

4.1 Strenghtenign of Land Use Control 

As stated earlier, disorderly urbanization is ongoing 
outward along major arterial roads in the absence of 
effective land use control. One of the outstanding 
characteristics of Managua’s land use is the 
relatively low population density of about 100 
persons per ha in the built up areas. This can be 
attributed partly to the complexity of land ownership 
due to the claim to recover land ownership of 
expatriates who fled from the country during the 
civil war. However, the major reasons are the high 
land price in the built-up areas and the availability of 
cheap land in the suburbs. If effective land use is not 
implemented, low-density urbanization will further 
expand towards the suburbs and requirement for 
urban infrastructure development and vulnerability 
against environmental hazards will increase 
enormously. 

The population of Managua was projected to 
grow from 1.2 inillion in 1998 to 1.4 million in 
2003, 1.6 million in 2008 and 2.0 million in 2018. 
Per Capita GNP will also grow from US$ 620 in 
1998 to US$ 1,150 in 2018. 

Therefore, the major objectives of the study were, 
a) to determine the size of the city to accommodate 
the projected population, and b) to determine 
realistically the use and the density of the planned 
urban area. 

Scenario Scenario I Scenario 
I I 1  I I I  

4.2 Needs for Transportation Infrastructure 

Car ownership in Managua was projected to grow 
from 20% in 1998 to 41% in 2018. Coupled with the 
population increase, transportation demand will 
grow very rapidly, and it was forecast that chronic 
traffic congestion would occur in a few years. To 
cope with the increasing transportation demand, it is 
imperative to promote road development. However, 
the problem of traffic congestion has never been 
solved in the world merely by increasing road 
infrastructure. Moreover, it is uneconomical and 

Development 

1 Average lrip 
j Length (km) 
1 Ratio 

environmentally undesirable to rely heavily on road 
development. Severe financial constraints inevitably 
require a combination of various countermeasures, 
such as: 
- Restriction of car use 
- Enhancement of public transportation system 
- Transportation demand management 

These countermeasures however require in depth 
planning before implementation. Particularly in 
relation to the enhancement of public transportation 
system, land use planning plays a vital role. In the 
JICA Study, the concept of “Public Transportation 
Corridor” was highlighted in providing quality 
public transportation service as well as in guiding 
future land use properly to create urban axes for 
business and commercial activities. 

3.16 4.15 5.94 5.13 

100 131 188 I62 

4.3 Limited Financial Resource5 
The investment for the transportation sector of 
Managua in 1999 was US$ 7.4 million, of which 
US$ 1.5 million was grant aids from foreign 
organizations. At present, Nicaragua is restricted by 
a guideline set by IMF to prohibit the arrangement 
of new loans with international funding sources. 
Although the budget envelope for Nicaragua is 
expected to increase significantly in the future, 
investment requirement is far greater than the budget 
envelope. 

Thus, it has become one of the major tasks for the 
Study Team to recommend new fund sources, and, 
more realistically, to prepare an economical 
investment program implementable on the balance 
of transportation and land use planning. 

Table 3. Comparison of Traffic Situation of Development 

Sccnar ios 
I I I 2018 

Passenger- in 
(o()o/day~ 

1 I 

5,8 18 16,645 23,735 20,483 
286 408 351 

1998 
(il-o\?th Rate (% p.a.) 

2003 2008 2018 
98-03 1 07-08 1 08-1 8 

Table 2. Future Socio-Economic Framework of Managua 

Population (000) 
No. of‘ Viviendas (000) 
( 7 6  
GIiDl’ per Capita (US$) 
I~conomically Active Population(000) 
Unemployment Rate ( Yo) 
No. of Sfudentsil’upils (000) 
Car o\vncrship (Yo) 
Avcrage Vi\,ienda Income 

, 
7 1.200 1.384 1.574 1,964 2.9 2.6 -.- 

192 221 252 314 2.9 2.6 2.2 

620 710 820 1.150 2.7 2.9 3.4 
454 547 645 864 3.8 3.4 3.4 

21.2 19.4 15.9 6.1 
413 501 594 800 3.9 3.5 7.0 
19.9 2J.9 27.5 40.5 

7359 77 1.287 2,250 5.6 5.7 5.7 ‘I 
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5 POSSIBLE SCENARIOS FOR URBAN 
DEVELOPMENT 

If the city size becomes compact, the efficiency of 
urban activities becomes high, while the cost of 
urban redevelopment and vulnerability against 
earthquakes will increase. On the other hand, if 
urbanization expands without control, the cost of 
developing urban infrastructure will be enormous, 
while existing built-up areas will be left untouched. 
In the JICA Study, the following three (3) scenarios 
with different urban areas and population density 
were compared in terms of transportation network 
performance using the models developed for this 
purpose: 
- Scenario I: Mono-Polar High-Density 

Development which assumes a compact city with 
the present CBD and a large-scale redevelopment 
in the existing built-up area. 

- Scenario 11: Extended Low-Density 
Development, which is actually the extension of 
current urbanization with scattered functional 
distribution. 

- Scenario 111: Corridor Controlled Development 
which assumes a planned urbanization with 
determined urban axes and urban redevelopment 
in critical areas. 
Scenario I requires a very high government 

capability in  land use control and enforcement, and 
Scenario I11 assumes a careful planning of land use 
control and public transportation development. For 
Scenario 111, two routes of east-west segregated 
busways of 30 km were assumed. (Existing 4-lane 
road will be widened to 6-lane road using existing 
right of way and the central 2 lanes will be used as 
exclusive busway. Upgrading of this busway to rail 
transit becomes possible in the future.) 

These scenarios were evaluated from the 
transportation points of view using demand forecast 
models. 
1 Average trip length and passenger-km on the road 

network is the smallest in Scenario I. If road 
development is conducted in proportion to 
passenger-km, development requirement of 
Scenario I1 and I11 becomes higher than Scenario 

Table 4. Land Use Comparison of Alternative Scenarios, 2018 

I Urban Area 
I I tsisting Urhan Area 

- Central 
- Peripheral 

- Residential 
- Industrial 
- Academic 
- Airport 
- Otlicrs 

2 I<iiral Area 
1 0  I AL 

1 2 New l irhanizatioii 

1998 
Area I’opulation Popiilatioi 
(ha) (000) Density 

(persilia) 
12,972 1,1184 < 2  ’(6 
12,338 1,1166 9 0 4  
8,581 9136 1065 
3.177 203 0 53 I 

I I 
41,724 I 81 9 I 2 0  
54.596 I 1.200 3 I 22 0 

I by 65% and 35%, respectively. 
The requirement for urban redevelopment is 
about 4,000 ha for Scenario I, 900 ha for Scenario 
I1 and 1,200 ha for Scenario 111. The cost of urban 
redevelopment is enormous in Scenario I 
although most of the cost is needed in the latter 
half of the planning period (2009-201 8). 
High density development and redevelopment 
assumed in Scenario I may be vulnerable to 
possible earthquakes. 
Based on the discussion above, Scenario I11 was 

selected as the most realistic development scenario 
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for the long-term (2018). The scenario assumes an 
ample space for the increasing population, poly- 
centric structure with urban axes and coordinated 
control on land use. Due, however, to the excellent 
performance of Scenario I, its concept was taken in 
the short-term and medium-term when population 
increase is not so remarkable 

For the selected urban development scenario, 
future traffic demand was projected. Total number 
of trips will increase from 1998 by 34% in 2003, by 
58% in 2008 and by 119% in 2018. The modal share 
of private mode will increase continuously. Public 
transportation will lose its share from 50% in 1998 
to 40% in 201 8 by 10%. 

Table 5 .  Future Traffic Demand (excluding Walk Tr ips)  
I I 

No trips (000iday) 
-Private 
-Public 
-Total 

Modal Share (Yo) 
- Private 
-Public 50.2 

2008 2018 

1,485.9 2,323.7 
1,277.8 1,5 14.2 
2,763.7 3,837.9 

6 STRATEGIES FOR FUTURE LAND USE 

In Managua, road development has always been 
followed by urbanization. A vicious cirle tends to be 
created between urban sprawl and road 
development. The development of roads in Managua 
thus should be strictly controlled in a well-planned 
manner in accordance with the land use plan. This. 
however, requires an enhanced planning capacity 
and a strong enforcement capability in the City’s 
administration. In the JICA study, a series of 
discussions were held between the city staff and the 
study team in order to work out a desirable and 
implementable land use plan. Various land use 
alternatives were checked not only from the 
viewpoint of city planning but from the viewpoint of 
road and public transportation development. 
Particularly for road development, its 
implementation program was prepared strictly in 
accordance with the land use plan. Actually the 
study process was an iteration of land use planning. 
traffic simulation and road and public transportation 
planning. 
The strategies of land use plan in Managua can be 
summarized as follows: 
1 Short-term (2003) 
- Taking into account the existing developments 

and currently ongoing projects, the basis for 
creating urban axes should be formed in terms of 
land use and transportation infrastructure 
development. 

- Urbanization should be confined in the existing 
urban area to make maximum use of the existing 
resources. 

2 Medium-Term (2008) 
- A clearly defined structure for urban axes of 

Managua should be constructed. 
- Similar to the short-term strategies, the existing 

resources should be utilized to the maximum 
extent. However, controlled expansion of 
urbanization mainly towards the east and the west 
could be admitted. 
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I. Uibaii Aicn 
1 I tslsllllg Url1;111 Alza 
* Ce11trnl 

0 R~s~dciit ial/Otlicis 
* Cotiiiiiercial/Scr\~ice 
* llldtrstllnl 

* Peiiplicral 
Res~de~i t~n l iOt l ie is  

* Collilllclclnlis~r~~ice 
I i New Urba~iizatioii 

0 Rcsideiitial/Otlieis 

* Iiidmclial 
0 Otlieis 

1 I<ural Area 
Maliagiia lolal 

CollllnercI;ll/Sel\.lce 

3 Long - Term (201 8) 
- Urbanization will be expanded considerably. It 

must be controlled in  the defined urban area, and 
roads should not be developed outside tlie urban 
area with a few exceptions that were necessarily 
proposed to avoid anticipated traffic congestion 
of the urban road network. 

- Urban axes should be extended to the newly 
urbanized area by creating urban activity centers. 

Area Popiilatioii Density Area I’opulauoii ~ l l s i l  Ales l’opi~l~itio~i Dciisily Aien I’op~ila~ioii Dens~iy  
(11;1) (~lsllilla) (I1n) ipsllllla) ( I i a )  (psll/lla) (In) (psll/lia) 

)U I 12.33 l,IlOJ/ L,33 I,LY3,’)0 104 I I 3.356 1,4Y1,700 ‘ I 0  I IY.J47 I . YCn -. S O 0  ‘ I /  8 
li,.i> 1 , 1  I6J/ 90. 12.33 I,?X3.’)0 104.1 IZ..i)S 1,302,700 11.; 3 IL,.i>X 1.4IJ2.700 111.3 

8.58 913,56 106. 8.58 962.60 112.2 8,581 1,011,700 1179 8,591 l,Ol1,700 1179 
7.58 1.49 7.31 I 7,281 

0 3 72 910 940 
3 6 36 360 360 

3.77 3.76 3.754 3.732 
2 3  45 

3.77 203,OO 53 3,77 323..30 85.6 3.777 .391,000 10.3 5 3,777 .391.000 103 5 

i . 1  18 ‘I1 000 18 0 7,089 30u.100 /0.3 
602 78,500 130.4 3,713 4 7 8 3 0  128 S 

3 .3 0 
168 .350 

2,405 12.500 5 2 2,996 21,800 7 -3 

L?. >4,>‘) 1,383.60 23 5 34.3‘JO l,>/.i,SO0 28 X 34,390 I.’l6.i,XUO 16 0 
42J.i 81,7 I - 1 J 1 i i  -,. . ‘I/./(l L . 3  1‘I,06U 80, I00 I I  .i>,l4‘i 61,000 1 7  
34.3‘1 I,LUU.LY 

7 LAND USE PLAN 

Managua’s land use plan was prepared for the short- 
term (2003), medium-term (2008) aiid long-term 
(20 18) in consistency with the transportation master 
plan and city planning requirements of tlie City. 
Moreover, urban axes are clearly identified in the 
plan considering tlie existing development 
initiatives, enhancement of public transportation 
service aiid economic revitalization of the City. 
When busways are implemented as proposed, the 
modal share of public transportation is forecast to 

grow by 2% for short and medium-term and by 6% 
for long-term. This will bring about huge economic 
aiid environmental beliefits to tlie City. 

In relation to land use control, the followiiig 
points were incorporated in tlie land use plan. 
- In tlie planned business/comniercial/iiistitutional 

area to be created as tlie urban axes, low-density 
residential use should be restricted. For this 
purpose, a relatively high floor/area ration (FAR) 
of about 150 to 200% should be specified. In the 
application of this restriction, the base FAR 
should be the minimum at 150%. Then tlie bonus 
FAR of up to 200% is given to the developer 
depending on the land provided for public use in  
the frontage area of the site. In  any case, 
however, tlie building structure should be 
controlled to be earthqualte-resistant. 

- There are two types of residential areas: high- 
density and low-density. High-density residential 
area allows an FAR of 80-120%, which is 
suitable for two-story structure. The population 
deiisity of this area is 150 to 500 persons/ha. 
Low-density residential area allows an FAR of 

Figure 6 .  Land Use Plan for 20 18 
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30-60% assuming one-story structure and a 
population density of 50 to 150 persondha. 
Considering tlie possibility of earthquakes, high- 
rise structure of‘ more than three stories is not 
recommendable unless tlie structure is 
ear t 11 q ualt e - re s i s t an t . 

- Outside the planned urbanization, a strict land use 
coiitroI should be iiiiposed to prohibit disorderly 
urban sprawl towards suburban areas. 

8 CONCLUSION 

In Managua. a land use plan up to the year 201 8 was 
iormulated by tlie JICA sponsored “Comprehensive 
Traiisportatioii Plan in Matiagua” in consistency 
with the transportation master p h i  and the City’s 
plaiiiiirig requirenients. The important feature of the 
study is that the land use p h i  was worked out 
explicitly (i.e. in the form of maps) unlike other 
usual transportation studies. Considering tlie 
planning and enforcement capacity of the City, tlie 
plan is expected to be soon authorized for 
impleiiieiitation. Unfortunately, however, Nicaragua 
was hit by c? series of natural disaster after the 
conipletion of the Study (Hurricane “Mitcli” in  I998 
and iloodiiig in  1999). Due to the damage of the 
disasters, Managua’s socio-economic and fiiiaiicial 
situation may have changed considerably. However, 
tlie land use plan worked out by the JICA study 
looks over for a long period. The plan would 
desirably be authorized and implemented at the 
earliest possible. 

Lastly, aclmowledgements are extended to 
Managua’s counterpart staff, members of JICA and 
its advisory coiiimittee and the members of tlie 
Study Team for their valuable cooperation and 
advice during the study. 
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A Review of land use model applications in transportation demand forecasting 

Kazuaki Miyamoto & Varameth Vichiensan 
Center for Northeast Asian Studies, Tohoku UniversiQ, Sendai, Japan 

ABSTRACT: This paper invesligatcs the current state-of-practice of land-use model appIications to transpor- 
tation demand forecasting. The overview of application is briefed and the intcraction structure between Iand- 
use and transportation is discussed. An allmnative way to consider the integrated land-use and transportation 
models is proposed. Four examplc cases from UK and US arc presented to illustrate thc way in which land- 
use and transportation intcractions are modeled in practices. The paper concludes with some emerging situa- 
tion jn land-use transportation modcling, and further study direction. 

1 INTRODUCTION 

Travel demand forecasting is one of thc most essen- 
tial steps in comprehensive transportation planning 
and individual transportation infraslructure devel- 
opment projects as well. However, the forecast has 
not been always so satisfactory when it is compared 
with the observed travel volumes after the imple- 
mentation of the pladproject. In addition, emerging 
concern on the environment of air pollution and 
global warming, travcl demand forecasting proce- 
dures are rcquested to have a higher ability to re- 
spond to changing lifestyles and social concerns as 
well as a wide range of policies and policy meas- 
ures. 

To respond to the social rcquiremeiits to begin 
with the above-mentioned situations, the Department 
of Transportalion, in cooperation with the Environ- 
mental Protection Agency, has embarked on Travcl 
Modcl Lmprovement Program (TMP) in U.S.A. 
with a variety fields in travel demand forecasting 
methods including land-use issues. 

Also in Japan, with a similar motivation, the Min- 
istry of Construction, which is in charge of road 
transportation plan and the implementation, has ini- 
tiated a research and developmcnt project to improvc 
the forecasting system in Japan. The rescarch project 
covers all the processes in transportation planning 
and the plan implementation. One o l  the topics of  
the research project is to improve the application of 
land-use models to travel forecasting procedures. 

The presmt paper is the first report of the on- 
going study on the topic. This papcr describes the 
first results of a review of the existing applications 
of land-use models in the travel dcmand forecasting 
procedure. Before the comparison o f  existing applia- 

tions of the models, a scheme is introduced to clas- 
sify the type of model structure with respect to inter- 
action bctween land-use and transportation. 

2 OVERVIEW OF THE APPLICATION OF 

TRANSPORTATION PUNNING 
LAND-USE MODELS TO 

A number of land-use models have been dcveioped 
since thc Lowry Model in 1964, in spite of having 
such a criticim as Lee’s requiem for large Scale 
models, and some 17 rnodcrn models are currcntly 
counted up in the world as reviewed by Wegener 
(1999). However, most of them arc developed in the 
course of academic research and a few of thcrn have 
been actually applied to praclical transportation 
planning (Webster, Bly and Neil 1988 and Wegener 
1994). 

In the case of Japan, CALUTAS (Nakamura, Ha- 
yashi and Miyamolo 1983) has been applied to some 
real big transportation developmcnt projects but few 
other applications havc been identified. Even in 
Europe, few applications other than those of ME- 
PLAN (Marcial Echenique and Partners 1995) and 
DELTA (Sirnmonds 1999) have been found so far in 
this investigation. On [hc contrary, many Metropoli- 
tan Planning Organizations in thc U.S.A. have becn 
introducing land-use models in their transportation 
planning processes (Travel Model Improvement 
Program 1997). 

In this paper, four model applications are selccted 
ior discussion based on a scheme [or comparison 
proposcd in this study. The selection was made 
mainly based on the availability of information- 
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3 LNTERACTTON STRUCTURE OF LAND-USE 
AND TWSPORTATTON IN SIMULATION 
rvf0DEX.S 

3.1 Modeling structure 

In the tr~nsFor~ation deinand modeling, land usc is 
modeled within different modeling frameworks; it 
can bc the land-use model, the land-use module, or 
the unified fiamcwork of land-use and transporta- 
tion. This variety treatment of land use result in 
three general configurations urban model of land use 
and transportation, Figure 1. 
- A-type model is the sequential system of inde- 

pendent land-use model and transportation modcl. 
Lnd-use model reprcsents land-usc only, and 
transportation model deals transportation only. 
Land-use modeling framework rangcs widely 
from the tradi lional conventional Lowry-type to 
the state-of-the-art disaggregated simulation 
f r a ~ ~ w o r ~ .  Howcver. transporIatjon modeling 
framework is usually bascd on conventional four- 
sLep model. The interactions between land use 
and transportation are modeled by external inter- 
faces of the two models. bnd-use model outpul 
is the input to transportation model, and vice 
versa. Examples of this kind o f  systen include 
the D ~ ~ ~ ~ P ~  land-mc model with four- 
step-type models as in many US MI'Os, Urban- 
Sim land-use modcl with EMM/2 transportation 
model, DELTA land-use model with START 
transportation model, ctc. 

- B-type model is the interactionlcomposite system 
comprising of land-use module and transportation 
module interconnected to each other. Land-use 
nodulc determines land use and sometimes im- 
plies transportation, and output to transportation 
module. The interactions between Land use and 
transportation can be considered more integrated 
comparing with A-type model. B-type and A-lype 
model structure are similar in that they both com- 
prises of sub-mode1 interacting by interface, but 
they a c  different in the in tep t ion  extent of land- 

Urban model 

USC and transportation. Example of  this type of 
mode1 includc MEPLAN or TRANUS 

- Gtype model is the u n ~ f i ~ d / ~ ~ ~ ~ ~ a ~ e d  syslcm of 
land-use and transportation. Land use and trans- 
portation are highly intcgrated modeled in a sin- 
gle framework. The model detcnnines land use 
and transportation simultaneously, rather than a 
sequcntial determination of land-use and 
transportation separately as A-type or B-type 
model. The models of this type include 
MEPLAN, TRAMJS, and ITLUP. And, those of 
the unifiedhruly-inlegrated-type include 
RURBAN ~ ~ i y a m o t o  & Udornsri 19951, 
MUSSA (Martinez 1996). 
However, in the past, some attempted to classify 

urban models into two categories by structure, which 
conforms to 13-type and C-type models in this paper. 
Generally speaking, they are sometimes called as the 
integnted land-use and transportation models de- 
spite of different cxtent of land use and rrmsporta- 
tion modeling integration. 

Wegener (1994) described the most common di- 
vision of an urban system into eight subsystems: 
land use, networks, population, etc. TWO groups of 
models werc distinguished in rcference to these sub- 
sysfems. The unified models are those being formu- 
lated within a unifying principle and linking all sub- 
systems into tightly integrated modeling system. 
And, the composite models arc those being formu- 
Iatcd as the indepmdent subsystems intcrconnecting 
with each other. 

Miyamoto & Sathyaprasad (1995) dcscribed the 
modeling interactions betwcen land use and trans- 
por ta t io~  and dis t i n g u ~ ~ e d  the land-use transporta- 
tion models into two goups. The interaction models 
havc land use and transportation subsystems inter- 
acting each other through input and output. And, the 
jntegrated models simultaneously determine land use 
and transporlation pattern as the outcome of the 
same choice process. 

The concept of Wegener (1994) and ~ i y a ~ o t ~  8c 
Sathyaprasad (1995) are similar in considering the 
model structure. This study builds upon those two, 
and further takes the integration extent of land use 
and transportation interactions into account. 

~ 

I ! 1 JJ 
A-Type model B-Type model C-Type rnodei 

Figure 1. Overall land-use traiisportation mode1 suucturc 

3.2 ~ e ~ r e ~ ~ ~ ~ t ~ o ~  of land use and ~ r ~ ~ ~ ~ ~ r r ~ ~ ~ ~ n  

Land use and Lransportation interactions may b c  ob- 
served in two directions: land use to transportation 
direction and the reverse dircction. The abovc three 
types of model represcnt these interactions in differ- 
ent ways as shown in Figure 2. 

In rhe land use to t ~ ~ n s p * r t a ~ i ~ n  direction, both 
A-type and 3-type models, land-use effcct to trans- 
portation is mainly represented by the land use vari- 
able aitributes such as population, ernploymcnt, in- 

irricta ctiuns 
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Figurc 2. Land use and transporrarion interactions representa- 
tion in rliree types of modcl 

come, etc. These arc input to the conventional four- 
step type transportation model or module either in 
the trip gcneration, trip distribution, or mode choice 
parts. The extent to which land-use data being used 
in the transportation models vary case by casc (Pur- 
vis 1997, Oregon Department of Transportation 
1995, San Diego Association of Government 1995.) 

However, in some B-type models, the activity 
distributions from land-use module also inply the 
transportation dcmand distribution. This means the 
activity module already synthesizes trip gcneration 
and trip distribution. The resulting land-use and 
trasportation are then input to the deductcd trans- 
portalion model for mode choice and route assign- 
ment. 

In the C-iype models, :he land-usc and transporta- 
tion patterns are outcome of the same choicc proc- 
ess; in the same choice hierarchy. location is a 
higher choice level and (ravel behavjor is a lower 
choice level. Borh land-use and lransportation pat- 
terns are lhcTefore determincd simultaneously as one 
:ump solution. Hencc the effect of !and use to trans- 
portation is then of the overall choice process. 

?Text, in the transporlation to land use direction, 
different modeIs have different rcpresentztions but 
there is con~cnsus in considering time lag effect of 
land use to :ransporlation, Le., transportation affects 
the land use and activity locations in the nexl time 
interval. The effect is thc results of four-choice pro- 
cess: orisin choice, destination choice, mode choice, 
and route choice, and it is fundamentally the result- 
ing travel timc. To better reprcsent the travel time 
effect, a variety of derivations of tr-ve; iime are of- 
ten csed such as accessibility mezsilre: which is the 
opportunity of each location in accessing to different 
activities in other locations. In some models, the 
transportation effect is represented in terns of 
transportation monetary cost that is added to the 
production cost at a certain location, and affects thc 
allocation of production activity. 

In the A-typc and some B-type modcls, the effect 
is input to location model which is itself a process of 
location choicc and destination choice. There might 
lcacl to inconsistencics between origin-dcstination 

choice in transportation modcUmodule and location- 
destination choicc in land-use model/ module. There 
is no guarantee that thc travel condition which land- 
use model uses is consistent with that the transporta- 
tion model outputs. 

In contrast, in the C-type model, the mobility dis- 
utility resulting from the Iowm choice is feedback to 
thc higher choice of activity location because the 
transportation is the lower-lcvel choice proccss. 
Since location and transportation choiccs are ob- 
tained undcr the unique choicc process, this does not 
lead to any inconsistencies. 

3.3 &tent of land we and transporration 

Based on the modeling structure, a land-use trans- 
portation model system may be considered as the in- 
teractiodcomposite (A-type and €3-type) model or 
the truly intcgratedhnified (C-type) model. How- 
ever, different levels of inconsistencies in the model- 
ing framework may exjst depcnding on how land- 
use and transportation interaction is modeled. Some 
B-type models may be considered an inlcgrated 
models to some extcnt because the output from land- 
use are bo!h activity distribution and travel demand 
distribution, conforming to the behavioral theory. 
Lkewise, thc A-type model may be considered more 
or less the same as the B-type model bccause the 
transportation and land use effect are represented in 
very similar way despite of separalc modeling 
framework. 

To classify the model into two discrcte types of 
model either by modeling framcwork or land-use 
transportation interaction alone may not be suffi- 
cient. This study proposes a rather continuous range 
of modeling essences, Figure 3. Two extremc cases 
are of the left and the right end of the axis respec- 
tively. Two points of view are considered. From 
niodeling structure point of view, the lefl end repre- 
sents the modcl that comprises of the interacting in- 
dependent land-use and transportation subsystems 
and determines land use and transportation sepa- 
rately. T h e  right end reprcsents the model that de- 

  er actions in modeling 

Tnconsincncics Conhis!er,cies 

Figurc 3. An axis representing land use sncl trailsportation i n k -  
gation cxtCn1 
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termines land use and transportation into one unique 
framework. 

Next, from the consistency point of view, the left 
end rcpresents the model having large inconsisten- 
cies between land use and Lransportation, whereas 
the right end represcnts the model having very con- 
sistent land USC and transportation. 

Comparing to Wegener (1994) and Miyamoto 61 
Sathyaprasad (1995), the coinposileiinteracrion 
model is approaching the left end, whereas tlie uni- 
fied hntcgrated model js approaching the right cnd. 
Thc proximity to each end depends on what extent 
land-use and Lransportation are integrated in interac- 
tions modeling. If il is so tightly integratcd that it 
does not lead to any inconsistency, it will be the 
right most. and if it is so loosely interacted that in- 
consistencies explicitly exist: it will be the left most. 
A model of integrating structure but appears some 
possible inconsistencies. as well as a model of inter- 
acting slructure but prove rclatively high consistmcy 

4 EXAMPLE OF MODELS 

Four models, which are actually applicd to practical 
travel forecasting, arc selected to illustratc the dis- 
cussion abovc: two of them are thc rccent practices 
in US, and another two in U K  For the two US cases, 
one falls on the left axis and another on the right 
axis, and this is also similar for the two UK cases. 

The main features of thew four cases are shown in 
Table 1. 

4.1 Model structures 

Among the four models, the modeling framework 
varies case by case. San Dicgo model and Trans- 
Pennine model arc of A-type. The San Diego model 
uses DRAWMPAL for aclivity location wjth the 
in-house developed four-step-type transportation 
model. The Trans-Pennine model USCS DELTA land 
use rnodcl with the START strategic transportation 
model. The Oregon statewide model and the LASER 
model are of B-type, i.e., " J S  and MEPLAN 
frameworks respectively. 

4.2 Time dimension 
Every model make forecast with a similar length of 
time, say 20 to 30 years. Time dimension is niodeled 
as shown Ui Figure 4. The typical time stcp for both 
runs of land USE- ar,d transportatim models/modules 
is 5 years. However, thc Tram-Pennine model runs 
DELTA land-usc model every ycar and ruiis START 
transportation model cvcry 5 years. 

4.3 Zone system 
In most models, the land-use zones are concurrent 
with the transportation zones except for the San 
Dicgo that has more detailed transportation zones. 

Tzble 1. Suiilmary of four inodel applications 

S m  Dicgo LnSEJl Orqo i i  Ststnvrdc Trsn<-Pcnninc 

Stud\, 3rca Son Uicg? bfP0.  US LpndoA UK OrcEop SWC. US . North F.np,hnd. UK ,_ 

Forccaul yc,;:' 199.;.xm !991-21111 - 1990-2(120 1991-2021 , -. 
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San Diego, Orcgon datewide, LASER 

t5 +5 
I I 

... 

Figurc 4. Time dimension 

4.4 Marker scgmentution 

In the land-use market, land-use category is based on 
floorspacc type and availability in thc urban models, 
however, other non-urban land type is also consid- 
ered in somc regional models. Households zre usu- 
a l ly  crossclassified by household structure and em- 
ployment status. fn the transportation market, other 
modes than cars such as transits, waIk, and cyclicg 
modes are considered in  all models. Goods transpor- 
tation is considered in the regional models and also 
in some urban models. 

4.5 Land use eJfzct to rrunsportation 
In the San Diego model and the Trans-Pennine 
model, land-use data from land-use model are the 
numbers of household. employmcnt, land area ctc., 
and they are used calculating transporlation demand 
in thc transportation model. h addition to the trip 
gcneration that uses land-use data, the mode choicc 
step of the San Dicgo model also uses incomc as one 
factor in modal split. 

In the Oregon statewide model and thc LASER 
model, land-use dislribution is determined from 
land-use modulc, and this implies the lransportation 
demand. Therefore, multiplying the land-use (activ- 
ity) distribution with some factors gives 
transportation demand distribution. 

4.6 Transportation effect f o  land use 
As discussed in Scction 3, the land use effect to 
transportation is the travel time in principle, but its 
rcpresentation varics case by case. The San Diego 
model directly uses travcl time in the cmployment 

allocation. The MSER model and the Orcgon 
statewide model incorporate travel time and mone- 
tary transportation costs in activity allocation. The 
Trms-Pcnnine model calculates area accessibility 
and secondary environmental value. 

4.7 Extent oj'land use and transportation 

On the axis of integration level, the four models may 
stand in different positions, as shown in Figure 5. 

The San Diego model, of A-type, comprises of 
separated land use and transportation models and its 
land use and transportation inlcractions are rclatively 
loose and conventional. Il is essentially on left axis 
and rclatively closc to the end. 

The Trans-Pennine model is comparably similar 
to the San Diego model in the sense that it comprises 
of different framework modcls, however, the land 
use and transportation interactions arc more substan- 
tially considered. Although il may be on leIl axis but 
tends to move rightward. 

The LASER model and the Oregon statewidc 
model have very similar structures; B-type. Fur- 
thermore MEPLAN and TRANUS are very similar 
in thcoretical framework. Sincc the model structure 
comprises of land-use and transportation modules 
rather than unique simulation module, in this sense, 
they fall on the left axis. However, the activity loca- 
tion distribution and the transportation demand dis- 
tribution are determined at the same time which in- 
dicates lower consistcncics, in this sense, they can 
bc on the right axis. 'Then compromising these two 
considerations, these WO models arc moderate b e  
lwccn completely interaction model and completely 
integrated model, and may bc somewhere between 
Trans-Pcnnine model and the rightmost-model, 

interactions in modeling 

'1 I- 
- 

Orcgon I Shiewide 1 
'1 I 

Flighcr 
Integration cxtcnt 

Figure 5. Four cxample models on thc axis representing extent 
of lnnd use rind lransportation intcgrarion 
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5 CONCLUDLNG REMARKS 

A number of urban models are reviewed and corn- 
pared from the additional viewpoint of land-use 
transportation integration exlent. The erfort in link- 
ing land-use model with existing transportation 
mode! (fa1Iing in the A-type model) are increasingly 
popular in practices due to less implcmcntation ef- 
for[ required. However, the extent to which the two 
models are integrated is different mattcr bccause the 
inconsistencies of land use and transportation may 
exist. Therefore, the extensive considcration is re- 
quired to minimize any possible inconsistencies. 
Thcse ongoing attempts include the UrbmSim land- 
use model linked with Emmd2 transportalion 
model, the MENTOR model (based on MEPLAN) 
linked with SATURN model, etc. In praclical trans- 
portation planning, still there are not many truly in- 
tegrated land-use transportation modcIs (righlmosl 
model) being widely and efficiently used. This study 
seeks the ways to approach such truly integratcd sys- 
tem and at the same time operationally feasible. A 
larger numbers of models, in addition to thc four 
models presented in this paper, are being reviewed 
from several points of consideration and will bc pre- 
sented in subsequent reports 

The authors would like to express their sincere 
gratitude to Prof. Michael Wegener, Professor Roger 
Mackell. Prof. h t h o n y  May and Dr. David Sim- 
rnonds for their valuable comments at the start point 
of this sludy. In addition, they also extend their 
hearty thanks to the model builders and users for 
providing [hem with imporlant inrorniation for the 
study. 
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Integrating development and transport planning in the new South Africa 
L’integration du dkveloppement avec la planification des projets de transport 
en Afrique du Sud 
La planificacibn integrada del desarrollo y del transporte en Sud Africa 
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Independent Consulting Engineering, Johannesburg, South Africa 
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Land Use and Planning Directorate, Greater Pretoria Metropolitan Council, South Africa 

ABSTRACT: Recent local government legislation in South Africa calls for the preparation of Integrated 
Development Plans. At the same time, land transport legislation calls for the preparation of Integrated 
Transport Plans. Transportation is one of the fundamental elements of the Integrated Development Plan, 
specifically in terms of its spatial development framework. This paper examines the strong functional 
relationship between the two planning processes and explains the difficulties encountered in trying to 
integrate them. 

RESUME: La legislation recente des government locals en Afrique du Sud demande la preparation des 
“plans” de development integre. En meme temps la legislation pour transport terrestre a besoin de la 
planification integre de transport. La transportation est un des elements fundamentales pour la politique 
developmentale integri particulierment en termes du cadre du development spasiale. Cette presentation ci 
examine la forte relation functionale entre les deux projects examinants et explique le difficult& rencontrt 
avec les efforts pour l’integration. 

RESUMEN: Legislacirn promulgada recientemente en Sud Africa, respeto a1 gobierno local, manda la 
preparacirn de Planes Integrales de Desarrollo. Aslmismo, legislacirn respeto a transportes terrestres manda 
la preparacirn de Planes Integrales de Transportes. La transportacirn es uno de 10s elementos hndamentales 
del Plan Integral de Desarrollo, especificamente en thrminos de su marco espacial de desarrollo. Este papel 
investiga la poderosa relacirn funcional entre 10s dos procesos de planificacirn y explica las dificultades 
eiicontradas en su integracirn. 

1 THE LEGAL FRAMEWORK 

Since the demise of apartheid in 1994, the South 
African government has started with a process of 
fundamental restructuring on the laws regulating 
firstly the structure, powers and functions of 
municipalities and secondly the land transport 
system in the country. During the apartheid era, 
planning laws and legislation used to translate 
apartheid ideology into physical and spatial reality. 
This generated local policies that promoted sprawl, 
class and racial separation and enormous disparities 
in the quality of services. To address the legacy of 
the past distortions within the context of scarce 
resources and limited capacity, it was imperative to 
introduce new planning approaches and to 
rationalise apartheid planning legislation. 

The new planning approach requires a shift from 
the traditional understanding of preparing structure 

plans to guide land use control and regulation and 
transport plans to guide public infrastructure 
investment. A key factor of the new planning 
approach is the recognition that development is a 
dynamic and ever-changing process and needs to be 
accommodated in an appropriate planning system. 

Notable among the new planning legislation are the 
Local Government Transition Act of 1993 and the 
Development Facilitation Act of 1995. The first 
piece of legislation sets the parameters within which 
the municipalities could operate and initiate the 
integrated development planning process. The 
second piece of legislation establishes mechanisms 
to fast track land development based on a framework 
and principles that promote integration and 
redistribution. Of particular importance to the 
subject of this paper are two new pieces of draft 
legislation, namely the Municipal Systems Bill, 
1999 and the National Land Transport Transition 
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Bill, 1999. Both are in the process of being 
promulgated and will become the law of the country 
early in the year 2000. 

1. I Municipal Systems Bill 

This Bill provides for the core principles, 
mechanisms and processes that are necessary to 
enable municipalities (including metropolitan 
authorities) to move progressively towards the social 
and economic upliftment of communities and ensure 
universal services that are affordable to all. The Bill 
also provides for the preparation of Integrated 
Development Plans. These provide a framework for 
support, monitoring and standard setting by other 
spheres of government in order to progressively 
build local government into an efficient, frontline 
development agency capable of integrating the 
activities of all spheres of government for the overall 
social and economic upliftment of our communities. 

I .  2 National Land Transport Transition Bill 

The National Land Transport Transition Bill 
provides for the transformation and restructuring of 
the land transport system. A key element of this Bill 
is the preparation of Integrated Transport Plans by 
planning authorities (municipalities). These plans 
will be developed to enhance the effective 
functioning of cities through integrated planning of 
transport infrastructure and facilities, transport 
operations, including freight movement and public 
transport services within the context of the 
Integrated Development Plans for their area. The 
Integrated Transport Plans must also be able to 
direct employment opportunities and activities, 
mixed land uses and high density residential 
development into high demand public transport 
corridors interconnected through development nodes 
within the corridors, and discourage urban sprawl. 

2 THE INTEGRATED DEVELOPMENT PLAN 

2. I Definition 

An Integrated Development Plan is a plan aimed at 
the integration of development and management of 
the area of jurisdiction of a municipality. This plan 
is a complex action plan, which requires the 
integration and linking of complicated urban 
elements and processes. It is a single, all inclusive 
plan that links, integrates and coordinates other 
plans and proposals, forms the policy framework 
and general basis on which annual budgets are based 
and aligns resources and capacity of the municipality 
for the implementation of the plans. 

2.2 Contents of Integrated Development Plans 

An Integrated Development Plan reflects: 

3 

the municipal council’s vision for long term 
development of the municipality with special 
emphasis on the municipality’s most critical 
development and internal transformation needs; 
an assessment of the existing level of 
development in the municipality across all 
sectors, which must include an identification of 
communities which do not have access to basic 
municipal services; 
the council’s development priorities and 
objectives; 
the council’s development strategies spanning 
across the sectors of social and community 
services, transport, infrastructure, housing, 
public safety, emergency services, environmental 
management, etc.; 
a spatial development framework; 
operational strategies; 
financial plan; and 
the core components of the municipality’s 
performance management system. 

THE INTEGRATED TRANSPORT PLAN 

3.1 Definition 

An Integrated Transport Plan is a plan aimed at the 
integration of the transport system by providing for 
the regulation, provision, use and management of 
transport infrastructure, operations and services by 
operators of public transport, freight and private 
travellers. 

3.2 Contents of Integrated Transport Plans 

The Integrated Transport Plan must formulate the 
municipality’s official vision, policy and objectives 
for land transport and must give due regard to the 
relevant Integrated Development Plan. The plan 
must at least: 

specify any changes to the municipality’s land 
transport policies and strategies since the 
previous plan; 
include a list showing, in order to precedence, 
the projects to be carried out and the cost of 
each. This list must be prepared with due regard 
to the relevant Integrated Development Plan; 
include all modes of transport and infrastructure, 
including new or amended roads, airports, 
harbours (where applicable) and commercial 
developments having an impact on the land 
transport system; 
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Figure 1 : Functional interrelationship of planning processes 

- include the municipality’s transport budget, 
including funding sources with regard to land 
transport for the relevant financial year; 

- include the municipality’s public transport plan; 
- set out a general strategy for travel demand 

management; 
- set out a road and transport infrastructure 

provision, improvement and maintenance 
strategy, and 

- set out a general strategy or plan for the 
movement of hazardous substances by road 
along designated routes. 

4 RELATIONSHIP OF TRANSPORT WITH 
DEVELOPMENT PLANNING 

It is the clear intention of government that land 
transport planning must be integrated with the land 
development process. As prescribed in transport 
legislation the Integrated Transport Plan must form 
the transport component of the Integrated 
Development Plan. The functional interrelationship 
of the two planning processes is shown in Figure 1. 

5 

In order to achieve real integration of the planning 
processes into a single process, the Greater Pretoria 
Metropolitan Council has developed the Single 
Planning process depicted in Figure 2. 
As it can be seen this process integrates all the 
elements of the development planning process with 
the transport planning process elements. 

THE CHALLENGE IS REAL INTEGRATION 

6 PROBLEMS AND ISSUES 

Whilst the enabling legislation on both the municipal 
and transport arenas is calling for the integration of 
development and transport plans, the road to achieve 
this ideal situation has not been easy. A number of 
problems have been encountered, the most important 
ones being: 

i) institutional arrangements: The plans are the 
responsibility of different municipal 
departments with differing line functions. 

DEVELOPMENT FRAMEWORK FOR THE GREATER METROPOLITAN AREA 
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Development Field 
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ii) 

iii) 

iv) 

Coordinating mechanisms are necessary in language of local government and despite the 
order to achieve the alignment of the two problems experienced, this can be simplified to the 
processes. This proved to be time process of establishing a specific development 
consuming and has added to the myriad of programme and allowing for an ongoing process of 
meetings, sub-committees and puts change, adaptation and refinement to the benefit of 
additional strain to the human resources of all the people of South Africa. 
municipalities. 
time frames: The preparation of the plans 
has not been synchronised yet. Budgetary 
constraints and council procedures for 
initiating the plans has resulted in most cases 
that the one process is more advanced than 
the other. This makes coordination difficult 
and delays the completion of the process. 
public participation and consultation: The 
public participation is an important aspect of 
both processes and the integration of the two 
processes resulted in confusion over “who is 
doing what and when”. This means that the 
public participation channels and 
participative forums had to be restructured 
on the basis of the integrated process. When 
such changes occur, credibility of the 
planning process always becomes an issue. 
Availability of skills: The core planning 
skills of facilitation and strategic planning 
necessary for the integration of the planning 
processes are not adequately conceptualised. 
Private sector planners are required to fulfil1 
roles and provide skills and experience 
which depart from those which have 
generally characterised the practice of their 
profession. The physical planning skills of 
the traditional town and regional planner are 
not the central skills required to manage 
integrated development planning. IDP 
requires management skills, sectoral and 
technical expertise, multidisciplinary 
coordination, interpersonal abilities, 
teambuilding and motivational capacities. 

7 CONCLUSIONS 

South Africa is promulgating legislation that will 
result in the “single” development planning process, 
by which future development is achieved in an 
orderly, sustainable manner, and in which the 
necessary financial resources for such development 
are allocated in a disciplined and responsible 
manner. 
Such planning incorporates transport as a key 
element and attempts to establish what resources 
exist, what people’s skills are, what institutional 
strengths exist and what results are expected within 
any given period of time. Translated into the 
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Barriers to cost-effective transport 
Barrigres aux mesures pour le transport qui sont rentables 
Barreras que previenen rentable transporte 
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ABSTRACT: Medium sized cities in developing countries need to be able to identify their main transport 
problems as quickly and cheaply as possible. A brief city-audit using a comprehensive inspection framework 
can highlight the key issues and provide initial guidance on suitable cost-effective solutions, Such an inspec- 
tion manual has been developed and trialled in  several cities, and the results of this work are reported here. 

RESUM&: Ides villes moyennes dans les pays en voie de developpement doivent pouvoir identifier leurs pro- 
bleines principaux de transport en tant que rapidement ef a bon inarche que possible. Un bref ville-audit utili- 
sant un  cadre coinplet d'inspection peut inettre en valeiir les questions cles et fournir des conseils initiaux sui- 
les solutions rentables appropriees. Un tel manuel d'inspection a ete developpe et trialled dans plusieurs villes, 
et les resultats de ceci fonctionnent, finance par le gouverneinent britannique sont enregistres ici. 

RESUMEN. Las ciudades de tamafio mediano en paises en vias de desarrollo necesitan poder identificar sus 
probleinas principales del transporte con10 1-apidamente y barato coin0 posible. Una ciudad-intervencion abre- 
viada que usa un  mar-co comprensivo del exainen puede destacar las cuestiones claves y proporcionar a la di- 
1-eccion inicial en soluciones rentables convenientes. Tal manual del exainen se ha desarrollado y trialled en 
varias ciudades, y 10s resultados de esto trabajan, financiado por el gobierno britanico estan seHalados aqui. 

1 INTRODUCTION 

'Ihis paper describes a project funded by the UK 
Department for International Development to de- 
velop a low-cost means of improving cost-effective 
transpoit in developing cities. The output of the re- 
search takes the form of a manual that can be given 
to practitioners for use in the field. 

1 . 1  AIMS 

The main aim of the project is to improve the 
availability of cost-effective transport for the rural 
and urban poor, including public transport and 
non-motorised modes. A further aim is to increase 
the ability of developing city governments to intro- 
duce energy efficient transport systems. 

In pursuance of this aim the objectives are to help 
developing cities to identify as quickly and as 
cheaply as possible the main problems that exist in 
the field of transport. This is achieved through the 

production of guidelines for a cost-effective audit of 
performance and, during the project itself, by direct 
contact between the project team and ten developing 
city transport authorities. 

The beneficiaries should comprise all urban trav- 
ellers including women and the urban poor. In addi- 
tion, efforts will be made to reduce wasteful expen- 
diture on prestigious but inappropriate schemes. 
Monies thus freed will be available for investment i n  
the social and welfare sector. 

1.2 BACKGIUIJND 

Almost all research into urban transport problems 
has taken place in developed countries. Traffic char- 
acteristics in developing cities can be very different. 
As car ownership levels rise dramatically, many of 
the World's cities are facing unprecedented levels of 
traffic congestion. Resulting time delays, pollution 
and road accidents are a major concern. A third of 
the global energy consumption and associated pol- 
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lution arises from transport activities. Air and noise 
pollution is ~iarticularly severe in cities of develop- 
ing countries whose streets are prone to traffic con- 
gestion. Contrary to popular belief, these problems 
are not inevitable. Techniques exist today that can 
help to minimise congestion and improve the envi- 
ronment. 

An audit can provide clear evidence of the im- 
provements that could, and should, be made. It is 
important that developing city leaders should recog- 
nise that change is possible. 

Work by White( 1994) and Crafer (1 995) and oth- 
ers has shown the importance of road safety audits in 
the UK. In areas where there are no centrally pre- 
scribed road design standards, the need for an inde- 
pendent expert scrutiny is likely to be even greater. 

The history of externally-funded traffic and 
transport projects in developing cities is a sorry tale 
of good ideas that have failed to come to fruition 
(Barrett, 1984). Work in Jakarta, Bangkok, Cairo, 
Abidjan and Nairobi have all failed to deliver and 
sustain the expected benefits. One common ap- 
proach to a transport study is to use a large trans- 
port-planning model. These face particular prob- 
lems: the software used may not have continuing 
local support - especially if the project over-runs, as 
is common. Study teains might break up if local staff 
get better offers based on their new-found computer 
and language skills. Often a study will take so long 
that a new administration might take over and may 
be unwilling to ratify the findings of a study not 
sponsored by them. Whatever the reason, there is a 
very good chance that the results of a large transport 
study imposed upon a city will be unsustainable (and 
indeed may well end up in a dustbin). Rather than a 
detailed study of one particular city, therefore, this 
research sets out to cover a wide large number of 
cities i n  the hope that seeds will be sown in some 
that will come to fruition. 

In recognition of the difficulties of identifying 
problem areas in Developing Cities, the UN, World 
Bank and others are attempting to establish indica- 
tors of a city’s performance, with particular refer- 
ence to issues of sustainability. Strenuous efforts are 
made to ensure that these indicators are objective, 
measurable, and replicable. This is a very valuable 
activity and good worldwide collaboration is being 
achieved, in part thanks to the Internet. (UN, 1999) 

The research described here, therefore, aims not 
to duplicate the collection of factual indicators, but 
to derive a means of incorporating subjective data 
into an appraisal process. 

2 METHODOLOGY 

An Urban Transport Audit methodology has been 
created to rapidly assess a city’s ability to introduce 
cost-effective transport systems. An audit being ‘a 
searching examination by an official body.’ The 
method attempts to enable the determination of 
where blockages are occurring that prevent the im- 
plementation of low-cost, appropriate, traffic and 
safety measures. 

The research borrows heavily from a procedure 
developed in the UIC to assist in the inspection of 
schools. Faced with the task of giving funding 
authorities and parents good quality information on 
more than 7000 schools within the target four years 
required a considered approach. The Office for 
Standards in Education (OFSTED) established a 
methodology that is based upon a detailed frame- 
work prepared centrally which is used by small 
teains visiting schools for less than one week. Dur- 
ing the visit the team, working to a set plan, is able 
to make a guided judgement on the performance of 
the management and teaching standards. Substantial 
work has been done to ensure that the framework for 
assessment is clear, concise, and comprehensive 
The aim of the present research is to produce the 
first version of such a framework for a city’s per- 
formance in the transport sector. 

The linking of judgement to evidence is a key 
principle of this approach. The existence of sound 
evidence can help turn an imprecise view into a 
measurement that, although still unquantifiable, is 
sci entificall y valid. 

2.1 CA VEA TS 

It is recognised from the outset of the study that 
subjective decisions are, by definition, imperfect 
ones. In the field of road safety for example, a road 
that looks ‘obviously’ dangerous to a Western ob- 
server may have had no actual accidents. It is also 
recognised that there are substantial ‘grey areas’ in 
which two experts of equal experience may disagree. 
Those from North America, for example, will be ac- 
customed to seeing far more traffic signals per linear 
mile than someone from the UK. Some indication of 
the experience and background of the inspectors 
should therefore be included in the evidence base 
and used in interpreting the results. 

However, it is not the intention of the research to 
investigate the subtle differences that exist between 
similar cities. It is a sad fact that many of the 
World’s developing cities have traffic and transport 
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conditions that are on the point of collapse. For 
many years to come the problems will be very large 
and very obvious to anyone who is looking in the 
right place. 

It is not the intention of this research to substitute 
for the detailed work going on in very large cities. 
These will often be full of political intrigue, which 
can negate the implementation of advice, no matter 
how appropriate. Instead, a typical target would be a 
city of around one million people. This will be large 
enough to have hundreds of thousands each day who 
are affected by the negative impacts of trafic, and 
this can be a major barrier to local development. If 
they have recently reached such a size as a result of 
rapid urbanisation, then these cities are unIikely to 
have a large contingent of transport professionals. 
Around the world, there may be hundreds, if not 
thousands, of such cities. Unlikely to merit large 
transport studies, they would be eminently suited for 
a short transport audit or inspection to help guide lo- 
cal strategies and prioritise any external input. 

It is intended that, for a city of around one mil- 
lion, a professional inspector, using suitable guide- 

26 POLICE PERFORMANCE AND 

lines, could produce a preliminary audit for around 
ten thousand dollars inclusive of all fees, travel and 
subsistence. This means that for the price of one 
kilometre of underground metro railway track (one 
hundred million dollars) an audit could be done in 
ten thousand cities. This low-cost grass-roots ap- 
proach to development fits very well into the aims of 
the mC development agency DflD. 

The anivilies of the pollu, should have a pu!pose. The CDntrOl Of LaHS mgUIatio% and driver behaviour is eseniial for ceeasons of safety an 

3 CONTENT 

ROAD SAFETY ENFORCEMENT 

The range of inputs has been chosen to allow for 
the uncertainty and limitations that any project in a 
developing city is subject to. The team will be 
equipped with a book of around 50 pages, each page 
covering a different component or sub-component. 

The main areas to be looked at are as follows 

1) Long term planning and infrastructure in- 
vestment. Land-use & new development 

2) Traffic Management and the organisation of 
the road network 

3) Public Transport 

Conge5bm. Pobc pe6mance should lherefore be judged accordlng to howwell Ihey mrease safety and reduce c m g e n ~ n  

Table 1: An extract from the Inspection Mrnurl 

The extent to which lhii is an 

;sue or a pmbiern in lhe cily is 

The assessment of 

how wen the autho"ties are 

dealing with this is 

vn Police Idlow a clear plan to improve safety exacUy where needed and 

intervene iii avt~rnat i~ traffic conlrd only in case5 01 emeigsancy. En- 

forcement presence IS wmcient to deter mm1 llaffic onencsr 

~~ 

U 
~ 

Pdce make anempis to contml speed where Itvs IS *ought I0 be a 

problem (as opposed 10 where accldenl repolts prow 41) Eolorcemenl 

of olhet offmces IL conducted at simlsr loca9ons 

M 

L 

VL 

pasition exactly bewen corntitins atwe and below (not to be used 

as'don'l k n w )  

Police do link tikol i65uing to speeds and red offences. but are a5 

likely 10 do lhis where it will be easy. rather lhao where il win be effec- 

tre. Most drivers do no1 fear breaking r u l e  as they expecl iinls effec- 

twe enforcement, or bw lhal an inducement will work. 

Unconlrolied. ineifectre. ~oiiupt policing. 

H 

The Evidence on which lhis Judgement is based iE 

Rsmmendationr: 
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4) Environmental impact of transport and Road 

5 )  Access to transport for disadvantaged groups 

6) Institutional arrangements for transport in the 

Safety 

and non-motorised transport 

city 

These, together with the situational baseline de- 
tails are evaluated using a set of guided judgements 
that break down each of these general areas into 
component parts that can be judged in turn. 

In order to guide the judgements being made, a 
set of descriptors is provided. Reference to these, 
even though an exact match inay not be possible, 
helps the inspection team to reach a conclusion. A 
five-point scale is used ranging from Very Low 
(VL) indicating performance significantly below re- 
quirements up to Very High (WI). As an example of 
this approach, table 1 gives an example. 

Note that a key part of the structure of the method 
is that judgements such as the one illustrated above 
are preceded by a review of the relevant background 
conditions. In this case, the conditions of service and 
einployinent of the officers and the budget and 
equipment levels of the force will be reviewed and 
will ultimately be taken into consideration before 
judging the performance on the ground. 

The five-point scale evaluation enables a meas- 
ured judgement to be made of the situation as it cur- 
rently is. As a hrther refinement, some assessment 
can be made of the efforts being made. For conven- 
ience the same five point scales is used, though in 
this case it nins from VL representing no effort (or 
even obstruction) up to VH for significant positive 
effort. 

A n  important part of the process is the collection 
of evidence This may not (during a short inspection) 
be quantified, but it should, as far as possible be able 
to be proven For example, "considered opinion" is 
iiot a good example of evidence, whereas "footpath 
blockages are common'' is, as even though unquanti- 
fiable, it could be tested by a short survey with pho- 
tographic proof All comments made should be able 
to tested against the question "could somebody ar- 
Sue with this statement? And if so, how would I jus- 
tify my opinion" Quotations fi-oin local profession- 
als are admissible evidence, though this has 
CO n fi dent i al it y i in p 1 i cations 

Although again to be used with care, it is consid- 
ered instructional (for both parties) to add a recom- 
mendation for each topic. Amongst other things, this 
helps test understanding of the issues. These will 
need to be graded, since most cities cannot usually 

afford to do everything all at once. As far as possible 
general (and obvious) recoininendations (such as 
"ask central government for more money") should 
be avoided. Similarly, emphasis should be given to 
recommendations that (like the evidence) can be de- 
scribed and monitored, even where direct quantifi- 
cation is not always possible 

The aim of this process is NOT to produce a total 
score for a city, though this would theoretically be 
possible. Rather the aim will be to assist in the deci- 
sion-making process. The use of a method such as 
the one presented here provides a structured means 
of working through a large and unstructured prob- 
lem. It brings the shared language of a logical ap- 
proach to enable those with different viewpoints, 
either from different institutions or even different 
countries, to discuss the real essence of a problem. 
Its comprehensive nature also ensures that by the 
time the process is complete, there is unlikely to be 
any components of the traffic and transport problem 
that have not been dealt with in a systematic way. 

The benefits for the city are that, for the sinallest 
possible expenditure, the following are made avail- 
able: 

1) The biggest overall problem is identified 
2) Relative importance of other problem areas is 

highlighted 
3) An immediate action plan can be prepared to 

solve worst problems 
4) Terms of Reference can be produced to tackle 

other deficiencies 

The target for the project is that 80% of the bene- 
fits of a more comprehensive study can be achieved 
for around 20% of the cost. 

4 PRELIMINARY FINDINGS 

So far the audit has taken place i n  around a dozen 
cities to a varying degree of detail. It is proving to be 
highly effective as a means of generating interest i n  
the subject area and has stimulated debate internally 
within almost all of the cities visited. The method 
has evolved, with the final version of the inspection 
inanual being version 1 1 .  

A full review of individual city performance is 
outside of the scope of this paper, but a summary of 
the main barriers to cost-effective transport can be 
given, as follows: 
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Planning: Where there are plans at all, these are 
rarely updated, and may incorporate ideas froin pre- 
vious decades such as zone plans and ‘predict and 
provide’ road building. Unfortunately, even though 
they are out of date, there is still reluctance froin 
‘junior’ staff to question the validity of a inaster plan. 

Traffc Management: There are few cities that 
have an effective hierarchy of roads. As a result 
main through routes are congested and minor roads 
have environmental problems. Traffic signals are 
seen as a dominant solution and little use is made of 
lower cost measures such as road markings. 

Road Safety: Some specialist education is com- 
mon in most cities visited. Most even collect some 
form of accident data. This is, however, rarely used 
as a means of actually implementing remedial meas- 
ures (except in Tunis). 

Public Transport: Few cities (outside of Brazil) 
have optimised the use of competitive private bus 
operations with considered route planning and social 
back up. Many cities face increasing pressure and 
problems froin uncontrolled and unrestrictable para- 
transit. 

Enforcement: There are financial and bureau- 
cratic reasons why there is a long lag time between 
an offence being committed and a fine being ad- 
ministered. This means that there is no corrective ef- 
fect and traffic police are seen as an unwelcome 
burden on drivers. Traffic policing is rarely a desir- 
able or honourable profession. 

Sustainable Transport: Few cities have even 
thought of reducing car dependence. Ironically as 
the West tries to encourage walking and cycling 
these are already important modes in low-income 
countries. Cycling is coininonly in decline as motor- 
cycling grows. Walking is the majority transport for 
all short trips but this is despite appalling conditions 
in every city visited. Footpaths everywhere are ne- 
glected, blocked by cars and hence failing to serve 
pedestrians, with severe safety and quality of life 
implications. 

Institutional : The main drawback to improvement 
in  cost-effective transport would appear to be that 
the agencies that have some ability to improve the 
situation rarely work together to good effect. Even a 
25-dollar barrier outside a school can take months of 
argument and decision ratification at a very senior 
level. In deference to superiors, and fearful of their 
jobs, few junior staff are willing to take initiatives 
and to actually implement. Instead, discussion, study 
and deliberation take place, while blame is passed 
around for problems on the street. 

5 CONCLUSIONS AND RECOMMENDATIONS 

It has been shown to be possible to create a 
method for a short audit or inspection of a city’s 
traffic transport and road safety. The method has 
many advantages, not least in that it draws together 
interested parties and can ensure that every element 
of a transport system is given attention fairly and 
without omissions. 

Cities visited provide a good cross section of size, 
income and car usage. It is possible therefore to 
draw some recoininendations that inay have univer- 
sal value in order that other cities can avoid making 
the same mistakes as many of those visited. 

The number of transport professionals ein- 
ployed in a city should be linked to the num- 
ber of vehicles. Car ownership is rising 
throughout the world and it must be recog- 
nised that this growth can be inanaged but 
only if the efforts made to control car use 
grow at the same rate. 

Somebody, somewhere, should take a con- 
sumer viewpoint of public transport. If run for 
the sole benefit of operators, entrepreneurs or 
city bureaucrats, the service will deteriorate 
and the inevitable consequence will be that 
people will want to switch to private or semi- 
private modes as soon as they possibly can. 

The ability of countermeasures to reduce road 
accidents at cluster sites should be recognised. 
Collection and use of accident data for reine- 
dial works should take priority over more 
general administrative use of figures. 

The link between land use and transport must 
be appreciated. It is certain that a large build- 
ing will generate both trips and parking. 
These need to be managed, in  advance of the 
future worst case. 

Other recoinmendations exist, but these are either 
of a very general nature (such as agencies s!iould 
work together) or very specific (such as allocation of 
funding relative to other budgets). 

Overall, the problems of motorised transport i n  
low-income countries appear almost certain to in- 
crease. In some capital cities this may eventually be 
tackled, though solutions will require lengthy insti- 
tutional negotiation based on intimate knowledge of 
local priorities. In smaller (though still large) cities 
there will be few people who have either the knowl- 
edge or the institutional capacity to control the worst 
excesses of unrestrained car growth. In such situa- 
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tions, nine times out of ten institutional blockages 
may still block implementation of progress. Fre- 
quently, however, the use of a short audit using a 
comprehensive inspection framework may provide 
the initial guidance that can offer a beginning to- 
wards a more cost-effective approach. 
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La influencia del ‘Metro’ en el desarrollo urbano de la Ciudad de Mkxico 
Influence of the ‘Metro’ in the urban development of Mexico City 
L’influence du ‘Metro’ dans le developpement urbain de la Ville de Mexique 
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Sistenza de Transporte Colectivo, Mkxico D. E ,  Mkxico 

ABSTRACT: The following work is a qualitative analysis of the influence that tlie introduction and operation 
of the Metro net in the Metropolitan Area of Mexico City (AMCM) within the scope of tlie following sur- 
roundings: the big Urban Corridors, the Metropolitan Area and tlie Central Region. 

RESUME: CCst travail etude l’influence que daiis le developpiiient urbaine a provoque la construction et 
l‘operation du metro de la ville du Mkxique au niveau de la region centre du pays, la zone iiietropolitaiiie et 
des routes urbaiiies plus iniportantes. 

RESUMEN: El presente trabajo analiza cualitativainente la influencia eii el desai-rollo urbano que ha generado 
la construccion y operacion de la Red de Metro en el Area Metropolitana dc la ciudad de Mexico eii el anibito 
de 10s siguientes entonios: 10s grandes Corredores Urbaiios; el Area Metropolitana y la Region Centro. 

1. PRESENTACION 

El aiialisis de la influeiicia geiierada por la opera- 
cioii de uiia linea de Metro, a pesar de ser un fe- 
nomeno poco estudiado, no debe ser visto iinica- 
ineiite como product0 de una relacion aislada, 
Metro - Desarrollo Urbano, sino debe estar inmer- 
so en un ambiente que influye en el crecimiento y 
desarrollo de toda la red del Metro y de la Metro- 
poli en todos sus aspectos que la coniponen. 

El presente trabajo analiza cualitativainente la 
iiiflueiicia en el desarrollo urbano que ha generado 
la implantacion y operacion de la Red de Metro en 
el Area Metropolitaiia de la ciudad de Mkxico 
(AMCM) eii el ambito de 10s siguieiites entornos: 

F g w a  1 .  Zona centro de la c~udad  de M h c o  

0 Los, graiides Corredores Urbanos 
0 El Area Metropolitana. . La Region Centro 

2. DIAGNOSTICO SITUACIONAL 
Actualmente el Area Metropolitana de la ciudad 

de Mexico es uiia de las metropolis mas grandes 
del mundo, conformada por 16 delegaciones del 
Distrito Federal y 34 Municipios conurbados del 

Estado de Mexico, cuenta con uiia poblacion es- 
tiinada eii 17.2 inilloiies de habitantes, de 10s cua- 
les; el 51% correspoiide a1 Distrito Federal y el 
49% restaiite a 10s iiiuiiicipios referidos. Estas lo- 
calidades se asientan en una superficie del orden 
de 1600 Kin2 y en la que se desplazan 3 iiiillones 
setecieiitos mil vehiculos automotores. 

Sta metropoli, a1 igual que todas las grandes ur- 
bes del inundo, crecio bajo un esquenia radial, con 
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base en el origen de sus accesos cai-reteros, por 10 
que la movilidad de su poblacion se presenta hacia 
el centro de la ciudad de la misma. 

Por su magnitud, la Metropoli tiene entre otros, 
graves problemas de transporte a 10s que se en- 
frentan tanto las autoridades competentes de ainbas 
jurisdicciones conio 10s consultores de la planea- 
cion urbaiia y de movilidad. 

La encuesta de Origeii y Destiiio de 10s viajes 
de la poblacion residente del AMCM realizada pa- 
ra 1994, arrojo 30.8 millones de tramos de viajes, 
que se distribuyen eii un 52% en transporte conce- 
sionado a base de Microbuses; 16% en Autoniovil 
particular; 15% eii el Metro; 9% en Autobuses Ur- 
banos; 3% en Autobuses Suburbanos; 3% en Taxis 
Libres y el resto en otros inodos de transporte in- 
dividual. 

Para atender 10s traslados iiiasivos, la poblacion 
la ciudad de Mkxico cueiita con una infi-aestructura 
de 11 liiieas de Metro, en una red de 191.5 kilo- 
metros de loiigitud de operacioii y 167 estaciones, 
a travks de la cual se transportan eii proinedio por 
dia laborable 4.5 millones de personas, sin contar 
con 10s transbordos que se dan en las estaciones de 
correspoiidencia con que cuenta la red. 

2. I Los Gvandes Corredoves Uvbunos 

Aceptemos que las vias de comunicacioii inipulsan 
y generan cierto tipo de us0 y desarrollo urbano, ya 
que normalmente el comercio y 10s servicios se 
concentran a 10 largo de las aveiiidas importantes 
de las zoiias ckntricas o nucleos de poblacion, pro- 
vocando un increineiito natural de la carga vehi- 
cular en vias de acceso y en la propia infraestructu- 
ra vial. 

El Metro llego tardianiente a la ciudad de M6- 
xico, cuaiido ksta ya coiitaba con uiia poblacion de 
7 millones de habitantes, y el niisiiio se instru- 
mentaba para coadyuvar en la soluci6n de la pro- 
blematica de congestion vehicular que se generaba 
por la gran actividad socioeconoinica que cotidia- 
naniente se daba en el centro, nias que coiiio parte 
de un desarrollo integral ai-nionico de la ciudad. 

Figura 3. Corredor urbano Eje Central 

vando Teresa de Mier, Josk Maria Izazaga, Calz. 
Zaragoza y Tlalpaii entre otras. 

En ese entonces, las inayores coiiceiitracioiies 
mercantiles de la ciudad se localizaban en zonas 
donde historicamente ha existido coniercio tales 
como: 10s ejes de Mixcalco - Merced - Jamaica; el 
Centro Historic0 - Tacuba - Tacubaya, Mixcoac y 
San Angel; la Villa de Guadalupe y su entorno, 
etc. y sobre las avenidas importantes como la Cal- 
zada Mexico - Tacuba, AV. Chapultepec, Fray Ser- 

Para la zona ceiitro la presencia del Metro en 10s 
afios seteiita facilito la movilidad de la poblacion, 
pero a su vez incremento el sector de comercio y 
servicios de la zoiia, 10 que dio origen a importan- 
tes cambios en el us0 del suelo, y a la emigracion 
de gran numero de habitantes hacia la periferia del 
Area Metropolitana. Como parte de este fenomeno 
se observa que tan solo la Delegacion Cuauhtk- 
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inoc, disminuy6 su poblacion en mas de 350 inil 
personas en un period0 de 30 afios. 

Este caso ejeniplifica clararneiite como la pre- 
sencia del Metro fue muy relevante en la transfor- 
iiiacion que se genero en el Ceiitro Historic0 de la 
ciudad. 

Por otra parte, fue en esta misnia epoca con la 
i-ealizacion y actualizacioii del Prograrna General 
de Desarrollo Urbano del Distrito Federal, cuando 
propuso la creacion de corredores urbanos, coin0 
conceiitradores de sewicios y usos liabitacioiiales 
de alta densidad, 10s cuales coiiectariaii 10s centros 
y subcentros urbanos de adniinistracion, empleo, 
servicios y vivienda y de activos socioeconornicos 
de ese entoiices; asi, vias iniportaiites f h o n  pro- 
puestas para convertirse eii corredores de este tipo. 

Para este programa de corredores, el traiisporte 
masivo fue concebido para atender 10s viajes que 
geiierarian 10s inismos, fue entoiices cuando la 
planeacion del Metro tom6 otra vertiente, ya iio en- 
focada a resolver problenias de traiisito, siiio a 
apoyar la estructuracion urbana y su desarrollo a 
corto y largo plazo basado eii sectores tei-ritoriales 
que respetabaii las divisiones delegacioiiales y CO- 
rredores urbanos, a fin de distribuir la actividad 
econoinica en el territorio capitalino y acercar el 
enipleo a la vivienda para dismiiiuir la complejidad 
de la movilidad. 

En la actualidad se observa que existe uiia “nia- 
lla” que se extieiide principalniente por la zona del 
ceiitro historico, la aveiiida Paseo de la Reforma 
Poniente, Iiisurgentes sur, Pei-i ferico sur, AV. Re- 
volution y la Calz. de Tlalpan. Esta malla repre- 
senta la ceiitralidad y aglutiiia la niayoria de 10s 
ceiitros de atraccion de viajes, niisnios que em- 
plean a1 mayor nuinero de ti-abajadores y que con- 
centra gran caiitidad de eiiipresas como son: talle- 
i-es ai-tesanales, pequefias industrias, oficinas de 
eiiipresas transiiacioiiales, restaurantes, bares y 
siiiiilares en tre o tros. 

Esta estructura se lia veiiido generando por la 
dinaniica del inercado inniobiliario, la carencia de 
instmnientos que fomentan 10s programas de ac- 
cion efectivos para articular la participacion de la 
inversion privada, con la regulacioii de 10s usos del 
suelo y con acciones directas en materia de trans- 
poi-te colectivo, estacionamientos, equipainiento y 
vivienda. 

El surgiiniento de iiiegaproyectos de renovacion 
y modeniizacion urbana, realizados por promoto- 
res ininobiliarios, abocados fundamentalniente a 
estableciniientos conierciales para el mercado me- 

Figma 5. Corredor Urbaiio Calzada de Tlalpaii 

dio y alto, a1 sur y a1 poniente del Distrito Federal, 
aprovechaiido terrenos baldios o con edificacioiies 
de escaso valor, han veiiido proliferaiido en las vi- 
as primarias de coiiiunicacion dependieiites princi- 
palineiite del traiisporte privado. De ello se pueden 
mencionar el centro Coyoacan, Galerias Insurgen- 
tes, Perisur, Pabellon Altavista, World Trade Cen- 
ter, Plaza Satelite, Bosques de las Lomas y el 
Ceiitro Santa Fe, entre 10s iiias iniportantes. 

Analizando el perfil del usuario cotidiano del 
Metro, eii su gran mayoria esta compuesto por 
enipleados y estudiantes, con un sueldo promedio 
de 2 veces el salario minimo; en este caso, el Me- 
tro no participo en tan irnportantes desarrollos. 
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El desarrolfo urbano de 10s corredores no ha te- 
nido trascendencia debido a que no se han consoli- 
dado; ell0 requiere mas que la presencia de un sis- 
tenia de transporte de alta capacidad, como 10 es el 
Metro, 10 cual se ejemplifica con las lineas 4, 5, 6 
y 7, caracterizadas por ser de “baja aflmxcia”, en- 
contrarse incompleta su construccion y por S L ~  trazo 
tangencial a travCs de corredores urbanos que li- 
bran el Centro Historico de ia ciudad. 

2.2. EX Area Metropolitana 

El inicio de Ia inetropolizacioii de la ciudad de 
Mitxico, se situa en la ditcada de 10s cuarenta, sien- 
do el rnunicipio de Naucalpan, localizado a1 nor- 
poiiiente de la ciudad, el priniero en ser conside- 
rado conio conurbado. Para 1950 entre el D.F. y 
10s municipios de Naucalpaii y Tlalnepantla existia 
ya coiitiiiLiidad urbana, y estos se urbanizaron rapi- 
damente, estiniulados por la politica de proniocion 
de i n s ~ a l a c ~ ~ n  de industrias definido por el Gobier- 
no del Estado de MCxico. 

Paralelainente, y a raiz del crecimiento denio- 
grifico espectacular que se dio en kste siglo, el 
Gobienio capitalino lirnito la expansion fornial del 
area urbanizada dando como resultado que el cre- 
ciniieiito urbano en pleno desarrollo fuese insufi- 
ciente para la gran dernanda habitacional, generan- 
do con ello la urbanizacion fornial y anarquica de 
10s niunicipios cofindantes at Distrito Federal. 

La migration de 10s habitantes del AMCM, tra- 
dicionalrnente lia sido del centro a la periferia. 
Conforme se da este fen6nieno, la edad promedio 
de la poblacion residente disrninuye, indicaiido que 
son las familias de nueva formacion las que ocu- 
pan el territorio rnhs distaiite de la zona centro. Se 
infiere aqui, que la diversidad del sector terciario 
(escuelas, comercio a1 inenudeo y mayoreo, trans- 
porte, etc.) deben proveerse en ftincion de este 
~mportaIite cambio deinogi~afico, 10s cuales son es- 
casos en la periferia y abundantes en el centro. 

Un elernento que incide de manera directa en ia 
consolidacion de 10s asentaniientos humaiios es sin 
duda la dispoiiibilidad de servicios urbanos ele- 
nientales, como agua potable, drenaje y transporte, 
necesarios para escalar liacia el sector terciario. 
Estos y otros servicios de 10s sectores de la educa- 
cion y salud, beneficiaron mayoritariamente a las 
delegaciones centrales del Distrito Federal, sobreo- 
fertando 10s mismos en la zona ceiitro y desprote- 
giendo las delegaciones y municipios de la perife- 
ri a. 

Figura 7 .  Servicios urbanos compleiiieiitarios a la Liiiea de 
Meti-o 

Adicionalmeiite a estos factores, es necesario 
agregar 10s asociados a la perdida de dinamismo 
economico, la caida del empleo, la descentraliza- 
cion de ernpresas, asi corno 10s atribuibles a 10s de- 
sequilibrios ambientales, ya que todos ellos han in- 
cidido en la ~raiisfo~nacio~i del Area 
Metropolitana. 

Por otra park 10s fenomenos naturales a que 
esta expuesta la ciudad de Mkxico, tambiitn incu- 
rrieron en su traiisfoi~iacion, a raiz de la contin- 
gencia de 10s sismos de septienibre de 1985, se hi- 
cieron ajustes a la nomatividad de planeacion de 
la ciudad, destacando las modificaciones a1 regla- 
mento de constixcciones y a la eliminacion de uii 
65% de 10s corredores urbanos autorizados en 
1982. 

Con relacion a 10s inipactos que en el entomo 
de las estaciones, tineas y fa propia red del Metro 
se reflejan en el context0 urbano. El Metro de la 

468 



ciudad de Mexico ha influido en la expansion de la 
inancha urbana de esta metropoli por el feiiomeno 
de acercamiento de las distancias en el tiempo de 
traslado, y eii el resultado de sus efectos a corto, 
iiiediano y largo plazo. 

Corto plazo 

1 

= Incremento en pasajeros transportados 
= 

0 Reduccion del transit0 vehicular 

0 

0 

= Menor contamiiiacion ambieiital 
0 Incremento de la plusvalia 
= 

Reduccion en Tiempos de viaje 

Substitucion de modos de transporte de baja 
capacidad 

Reordenamiento del transporte 
Generacion de areas peatonales y jardinadas 
Mayor seguridad en el trhnsito vehicular y 
peatonal 

Mejoras en la infi-aestructura vial y de servi- 
cios 

Mediaiio plazo 

Renovacion de areas urbanas 
Cambio en la estructura de negocios 
Mayor y mejor calidad de vida 
Mayor nivel de pasajeros transportados 
Ordeiiador urbano, vial y del transporte 
Mayor cobertura y facilidades de desplaza- 
iiiiento confornie crece la red. 
Mejoras en el entorno urbano 

0 

0 

= 
0 

= 

= 

Largo plazo 

Cambio en la distribucion modal hacia el 
transporte inasivo electric0 . Renovacion de areas liabitacionales en el 
centro 
Cambios de us0 del suelo en la zona ceiitro 
y nucleos del AMCM 
Concentracion de edificios habitables en el 
eiitomo de las estaciones del Metro 

1 

2.3. La Region Ceiztro 

Eii la decada de 10s sesenta, la ex,traordinaria 
expansion y el desarrollo urbano del Area Metro- 
politana y la Region Centro del Pais, genero una 
intensa actividad socioeconoinica de 10s sectores 
secundarios y terciarios, emprendida por las admi- 
nistraciones del Distrito Federal, del Estado del 
Mexico y de las Ciudades de Toluca, Puebla, Que- 
retaro, Cuernavaca y Pachuca. 

Esta expansion fue coadyuvada asimismo, por 
las grandes inversioiies que paralelanieiite llevo a 

Figura 8. El Metro de la ciudad de Mexico iiifluye en la 
Region Ceiitro del p i s .  

cab0 el Gobiemo Federal para la coiistruccion de 
las autopistas que coinunicaron a la capital del pals 
con las principales ciudades de la regioii centro. 
Situacion que fue el atractivo para muchos habi- 
tantes de las ciudades centrales, que aun trasladan- 
dose cotidiaiiamente hacia la misma, intentan me- 
jorar sus ingresos. 

Es por ello, que es coiniui obseivar que las esta- 
ciones perifericas de las liiieas del Metro, atieiiden 
satisfactoriamente 10s desplazamientos de esta po- 
blacion trabajadora y flotaiite, procedente de las 
ciudades de Toluca, Puebla, Pachuca y Cuernavaca 
principalniente, 10 cual puede observarse con 10s 
resultados de la Eiicuesta de Origen y Destino que 
realizo el Iiistituto Nacioiial de Estadistica, Geo- 
grafia e Infonnatica (INEGI) en 1994. 

3. CONCLUSIONES 

El Metro llego tarde a la ciudad de Mexico, sin 
participar en la implantacion del desarrollo urbano 
iiiicial, ya que este se eiicoiitraba consolidado. El 
impact0 que han producido sus lineas, ha coadyu- 
vado en la movilidad de la poblacion establecida; 
ha favorecido 10s centros de actividad socioeco- 
nomica; y propiciado el crecimiento urbano hori- 
zontal debido a1 increment0 de la oferta de trans- 
porte. 

Coiitrario a esto, las lineas que se apartaron de 
la zoiia centro, no atienden corredores y centros 
urbanos proyectados en 10s afios seteiita y ochenta, 
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Figura 10. El Metro debe seguir creciendo ahora con 
una vision iiietropolitaiia 

10s cuales se ubican en el sur y poniente de la ciu- 
dad con10 son: Perisur, Santa Fe y Pabellon Alta- 
vista entre otros, 10 que se traduce en una nula in- 
fluencia en el desai-rollo urbano de dichos 
corredores. 

Para que una linea de Metro tenga incidencia 
positiva en el desarrollo urbano, esta debe acom- 
paiiarse invariableniente de la iiistrumentacion de 
otros servicios urbanos y de la implantaci6n de 
politicas para impulsar o atender coi-redores urba- 
nos que justifiquen diclias lineas. 

En conclusion, el Metro de la ciudad de Mexi- 
co, coin0 prestador de un servicio eficiente, ha sido 
uno de 10s principales generadores y detonadores 
de la evolucion de la zona centro de la niisina, de- 
bido principalmente al excelente servicio que ofi-e- 
ce a1 disininuir considerableiiieiite 10s tieinpos de 
desplazaniiento, mayor capacidad vehicular en su 
infraestructura vial, menor contaminacion ani- 
biental, seguridad y econoniia para 10s usuarios del 
sistema. 

Cabe enfatizar que por la inagnitud y la activi- 
dad socioecononiica de nuestra nietropoli, se hace 
imprescindible que iiistitucioiialinente, se continue 
anipliando la Red del Metro, ahora con una cober- 
tura iiietropo li tana. 

, 
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Programa sectorial de vialidad regional y primaria de la zona metropolitana 
de Querktaro 20 15 
Primary and regional road sectorial program for Queretaro 20 15 metropolitan zone 
Programme sectoriel de voirie rkgionale et primaire de la communautk urbaine 
de Querktaro 2015 

E. Jim6nez del Prado Carranza & S. A. Damian HernAndez 
Desarrollo Urbano y Obras PLiblicas del Gobierno del Estudo de Quere‘taro, Mexico 

ABSTRACT: The 201 5 Primary and Regional Sectorial Program for Queretaro Metropolitan Zone pretends 
to be a leading instrument in the road designing subject. Such subject is based on an integral sight that struc- 
tures a net which is able to satisfy the society’s present and future necessities of traffic flow. This program is 
divided into three periods: On the short-term (ZOOO), on the medium-term(2003), and on the long-term (2015). 

The methodology used to accomplish such projects war the planning of an initial road scheme which was 
firstly analyzed and discussed by all federal, state and municipal dependencies along with the demanding so- 
ciety to obtain the road’s required characteristics. 

Thirteen road axis with a 5 kilometer length as minimum, one metropolitan ring, and two freeways have 
been proposed. The existing roads have been included in this project. Now, we are looking for their intercon- 
nection with low budget projects. Such scheme avoids the extreme usage of specific roads that result in excess 
of traffic in the city of Queretaro. 

&SUME: L e Programme Sectoriel de Voirie Regionales el Primarie de la Cummunaute Urbaine de Quere- 
tar0 2015 cherche a Stre une ligne directrice des actions en matiere de coirie, avec a sa base une vision in- 
tegrale qui structure un reseau routier capable de repondre aux nkcessitks de transport presentes el futures de 
la sociktk, et ceci en trois temps: a court terme (ZOOO), a moyen terrne (2003) et a long terrne (2015). 

La methodologie employee pour la realisation des travaux a ete la mise en place d’un schema routier initial 
qui a et6 discutk et analyse par tous les departements concern& au niveau federal, municipal ainsi qu’au 
niveau de 1’Etat et de la societt afin d’en assurer sa viabilite. 

Sonts proposes: 13 Axes Routiers de 5 Km minimum, un Anneau Mktropolitain et 2 Axes paralleles; leur 
construction serait effectuee en utilisant les voies existentes et en essayant de realiser leur connexion, ceci 
avec des travaux a un moindre coQt. Ce schkma Cviterait que nous dependions de quelques voies comme c’est 
le cas actuellement dans la Cummunaute Urbaine de Queretaro. 

RESUMEN: El Programa Sectorial de Vialidad Regional y Primaria de la Zona Metropolitana de Quereta- 
ro 2015, pretende ser un instrument0 rector de las acciones en materia de vialidad, con base en una vision in- 
tegral que estructura una red vial capaz de satisfacer las necesidades de movilidad presentes y futuras de la 
sociedad, en tres escenarios: corto (ZOOO), mediano (2003) y largo plazo (2015). 

La nietodologia einpleada para la realizacion de 10s trabajos fue el planteamiento de un esquema vial ini- 
cial, el cual fue discutido y analizado con todas las dependencias federales, estatales, municipales y la so- 
ciedad para asegurar su viabilidad. 

Se proponen 13 Ejes Viales con longitud minima de 5 Km, 1 Anillo Metropolitan0 y 2 Libramientos, apro- 
vechando las vialidades existentes y buscando su interconexion con obras del menor costo posible. Este es- 
quema evita la dependencia de unas cuantas vialidades, como sucede hasta ahora en la Zona Metropolitana de 
Queretaro. 

1 INTRODUCCION Queretaro, Corregidora, El Marques y Huimilpan, 
cada uno de ellos con caracteristicas distintas entre 
si, politicas diferentes y capacidad de respuesta het- 
erogknea. 

La Zona Metropolitana de la Ciudad de Queretaro 
(ZMCQ) alberga a mhs del 70% de la poblacion es- 
tatal y esta conformada por cuatro Municipios: 
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El hecho de que la vialidad sea uno de 10s ele- 
mentos de integracion de la ZMCQ, hace imprescin- 
dible la conformacion de una sola red vial, que res- 
ponda a 10s requerimientos cada vez mas 
demandantes de la poblacion. 

Todo 10 anterior hace necesario el contar con un 
instrumento rector en materia vial, que permita 
coadyuvar a1 desarrollo sustentable de la ZMCQ, fa- 
cilitando la realizacion de las diversas actividades 
propias de cualquier metropoli, que sirva como un 
element0 ordenador del crecimiento urbano y haga 
segura y expedita la comunicacion entre 10s distintos 
origenes y destinos. En forma interestatal, intermu- 
nicipal e interdelegacional; comunicando la Zona 
Metropolitana de la Ciudad de Queretaro. en escena- 
rios a corto, mediano y largo plazo (proponiendo una 
revision intermedia del programa a1 afio 2005). 

El Programa Sectorial de Vialidad Regional y 
Primaria de la Ciudad de Queretaro 2015, pretende 
ser un instrumento ordenador y regulador de la mo- 
vilidad y coadyuvar a1 desarrollo urbano, con base 
en una vision integral y acciones que estructuren una 
red vial capaz de satisfacer las necesidades de movi- 
lidad presentes y futuras de la sociedad. 

Como punto de partida se tom6 a1 Plan Estatal de 
Desarrollo 1998 - 2003, que considera a la vialidad 
como un elementos estructurador del crecimiento 
urbano; el Estudio Integral de Vialidad y Transporte 
Urbano elaborado entre 1993 y 1994, el cual plantea 
una serie de politicas y lineamientos en materia vial 
y por ultimo, 10s planes parciales de desarrollo de 
cada uno de 10s municipio conurbados. 

N 

2 METODOLOG~A DE TRABAJO 

Long. 
Deiegacion o Municipio K m S .  

La metodologia empleada para la realizacion de 
10s trabajos estuvo basada en una serie de condicio- 
nes primordiales de ser tomadas en cuenta: 

La primera se refiere a un planteamiento previo 
de un esquema vial para la Zona Metropolitana, cuya 
finalidad fue la de tener una orientation sobre la 
movilidad que pudiera ofrecerse a nivel metropolita- 
no, esto es; predeterminar las arterias que serviran 
para el movimiento ininterrumpido de vehiculos, 
destinados a recorrer grandes distancias dentro del 
area de estudio y cuya finalidad es la de distribuir en 
forma radial el trinsito, de tal suerte que la utiliza- 
ci6n de vias primarias se concentre a reconidos de 
cortos a medios (no mayores de 5 Km.). 

Una segunda condicionante fue el nivel de pro- 
fundidad establecido para el Programa Sectorial, en 
donde se incluye a la Vialidad Regional y Primaria 
con la finalidad de fortalecer a la movilidad entre 
centros productores y atractores de viaj es, buscando 
sea expedita y en condiciones seguras. 

A 
B 
C 
D 

Las vialidades secundarias y locales, por sus pro- 
pias caracteristicas fueron analizadas superficial- 
mente y solo se incluyeron aqukllas cuya relevancia 
resultase importante dentro del esquema global final. 

Subtotal Delegaciones 94.276 
MUNICIPIO QUEFU~TARO 94.276 
MUNICIPIO CORREGIDOFU 23.253 
MUNICIPIO EL MARQUES 58.902 
MUNICIPIO HUIMILPAN 0.000 

3 VIALIDAD REGIONAL 

Se define a la vialidad como la franja de terreno 
acondicionada especificamente para el transito de 
vehiculos a nivel urbano, suburbano e interurbano, 
que sirve para atender las necesidades de movilidad 
de personas y sus mercancias; de una manera rapida, 
confortable y segura y acorde a las necesidades de 
accesibilidad, a las distintas propiedades y usos del 
area colindante. 

La Vialidad Regional, es aquklla que facilita el 
movimiento vehicular expedito de grandes volume- 
nes de transito en forrna interestatal, intermunicipal 
o interdelegacional, a traves o alrededor del area 
metropolitana, son vialidades colectoras y distribui- 
doras del transito urbano y suburbano, para el caso 
de Querktaro, las vias regionales fueron las carre- 
teras federales y estatales que llegan a la Zona Me- 
tropolitana.. 

ii TOTAL VIALIDAD REGIONAL I 176.431 ]I 

Figura 1 .- Porcentaje de la Vialidad Regional por 
Delegaciones y Municipios 
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Uno de 10s principales problemas que se presenta 
en la actualidad para modernizar, prolongar o con- 
struir la Vialidad Regional, principalmente caminos 
y carreteras; es la liberacion del espacio considerado 
como derecho de via. Por 10 general esta vialidad en 
Querktaro, cuenta con ese espacio; considerado en 
20.00 Mts. a cada lad0 del centro de la seccion y por 
consiguiente no se requiere pagar afectaciones, por 
ser todas; autopistas o caminos existentes; sin eni- 
bargo en el futuro sera necesario ampliar el derecho 
de via, dados 10s requerimientos del crecimiento po- 
blacional y las caracteristicas del transit0 urbano. 

La Vialidad Regional debe caracterizarse por no 
tener intersecciones a nivel, topes, su velocidad de 
proyecto superior a 60.00 Kms./Hora, anchos de car- 
ril apropiados, minimo de 3.30 Mts., el transporte 
public0 de pasajeros no debe circular por 10s carriles 
centrales, debe contar con carriles de aceleracion y 
desceleracion, preferentemente debe tener dos cuer- 
pos de circulation, con un minimo de dos carriles 
por cuerpo con caracteristicas de vialidades colec- 
toras y distribuidoras. 

En la Tabla 1 y Figura 1, se muestra la distribu- 
ci6n de la Vialidad Regional de la ciudad de Quere- 
taro, clasificada por Delegaci6n y Municipio, en 
donde se aprecia que el Municipio de Queretaro 
tiene la mayor porporcion, seguido de 10s rnu- 
nicipios de El Marques y Corregidora; para el Mu- 
nicipio de Huimilpan no se encontraron este tipo de 
vialidades dentro de la Zona Metropolitana. 

De acuerdo a las acciones planteadas, en las Figu- 
ras 2 y 3 se presentan la magnitud de las mismas 
para cada uno de 10s horizontes de estudio, asi como 
el crecimiento acumulado para el corto, mediano y 
largo plazo. 

N 

1 

4 VIALIDAD PRIMARIA 

Delegacion o Municipio 

Santa Rosa Jauregui 

Si la vialidad es la franja de terreno acondicio- 
nada para el transito de vehiculos a nivel urbano, 
que sirve para atender las necesidades de movilidad, 
de personas y mercancias; de una manera rapida, 
confortable y segura y a las necesidades de acce- 
sibilidad, a las distintas propiedades o usos del area 
colindante. 

La vialidad primaria es la que permite el 
movimiento expedito del transito, en fonna inter- 
delegacional e intermunicipal, dando servicio directo 
a 10s generadores primarios del transito (centros 
comerciales, escuelas, oficinas gubernamentales, 
bancos, etc.) y se combinan entre si para fonnar un 
sistema colector y distribuidor, que mueve a1 transito 
en toda el area Metropolitana y en todas direcciones, 
auxiliando a la Vialidad Regional. 

2 
3 
4 

Figura 3. Crecimiento de la Vialidad Regional 

Felix Osores Sotomayor 35.255 
Felipe Carrillo Puerto 12.606 
Centro Hist6rico 43.789 

5 
6 
7 

Epigmenio Gonzalez 31 330  
Josefa Vergara y Hemandez 31.140 
Villa Cayetano Rubio 14.788 

B 
C 
D 

MUNICIPIO CORREGIDORA 18.365 
MUNICIPIO EL MARQUES 6.932 
MUNICIPIO HUMILPAN 0.000 

Figura 4. Porcentaje de la Vialidad Primaria por 
Delegacion y Municipio 

TOTAL VIALIDAD PRIMARIA 
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El principal problema de la Vialidad Primaria es 
su falta de continuidad, 10 que provoca que el tran- 
sito se concentre en unas cuantas vias llegando a su 
saturacion en las horas de maxima demanda gener- 
ando con ell0 mayor consumo de combustible, in- 
cremento en la contaminacion ambiental, perdida de 
horas hombre productivas, etc. 

El Area Metropolitana de Queretaro cuenta con 
156 Vialidades Primarias, con una longitud total de 
216.25 Kms. 10 que representa una longitud prome- 
dio de 1.39 Kms. de longitud por vialidad. Esto 
comprueba la falta de continuidad citada, por 10 que 
se debe de tender a formar ejes de longitud consider- 
able (superior a 10s 5.00 Kms.), que permitan una 
adecuada distribucion del transito entre la Red Me- 
tropolitana y la Red Primaria. 

La actual propuesta esta encaminada fundamen- 
talmente a proporcionar esa continuidad, aprove- 
chando a1 mAximo 10 existente, reduciendo a1 
minimo las afectaciones, a fin de prolongar 10s ejes 
existentes. 

En la Tabla 2 y Figura 4 se muestra la longitud de 
la Vialidad Primaria por delegaciones, que confor- 
man el Municipio de Queretaro y 10s Municipios de 
Corregidora, El Marques y Huimilpan; conurbados 
en el Area Metropolitana. de Queretaro. 

Las Figuras 5 y 6 muestran las cpropuestas de 
acciones de acuerdo a 10s distintos horizontes de 
planeacion, asi como el crecimiento de la vialidad 
primaria. 

5 ANILLO METROPOLITAN0 

Como se ha citado, uno de 10s principales prob- 
lemas viales que padece la Zona Metropolitana de 
Queretaro es la mezcla del transito de largo itiner- 
ario con el urbano, especialmente peligroso en la 
Carretera Mexico - Queretaro en el tramo Cuesta 
China - Plaza de Toros, en la AV. 5 de Febrero 
desde su entronque con esa carretera hasta el acceso 
a Juriquilla; y en la Carretera Libre a Celaya desde 
la AV. 5 de Febrero hasta la cabecera municipal de 
Corregidora. 

En este orden de ideas, una solucion factible de 
implementarse en el mediano plazo (2003), es la 
conformacion de un Anillo Metropolitano que per- 
mita reorientar 10s flujos vehiculares urbanos de tal 
suerte que se reduzca la mezcla de transitos y a1 
mismo tiempo, contribuya a eficientar la movilidad 
interna mediante una reasignacion natural de 10s 
flujos. Esquematicamente, el Anillo Metropolitano 
se muestra en la Figura 7. 

Figura 6. Crecimiento de la Vialidad Primaria 

? 
Figura 7. Esquema del Anillo Metropolitano 

6 EJES VIALES 

El concept0 de Eje Vial debe entenderse como 
aquella vialidad primaria que cuenta con las car- 
acteristicas fisicas y operacionales necesarias para 
convertirse en un apoyo a1 Anillo Metropolitano y 
sea una opci6n para comunicarse en 10s sentidos 
Norte - Sur U Oriente Poniente. 

Los Ejes Viales estan concebidos como las vias 
de conexion interdelegacionales e intermunicipales 
dentro de la Zona Metropolitana, asi como vias al- 
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temas cuando por alguna raz6n se vea intermmpida 
la circulacion de otra vialidad primaria. 

Dentro del Programa Sectorial se constituyen 13 
nuevos Ejes Viales, que se complementan con 10s 
existentes y aprovechan a1 maximo las vialidades 
primarias actuales, proponiendo algunas continua- 
ciones para enlazarlas y dar un sentido de red 10 mas 
reticular posible. 

La premisa con mayor relevancia para formar un 
Eje, fue la de poder integrar una vialidad de a1 me- 
nos 5 kilometros de longitud (el promedio de la lon- 
gitud de una vialidad primaria actualmente es de 
1.69 Km). Adicionalmente se busc6 que se unieran 
con las vialidades metropolitanas, para poder am- 
pliar las posibilidades de rutas para un reconido de- 
terminado. 

En la Figura 8 se presenta el esquema global de la 
vialidad primaria y regional en donde se puede apre- 
ciar la amplia gama de opciones que el ususario 
teien para desplazarse dentro de 10s distintos secto- 
res de la Zona Metropolitana. Las areas que se ven 
sin vialidades, son zonas agricolas de alta produc- 
tividad o de recarga de mantos acuiferos y a solici- 
tud expresa de las autoridades municipales se opt6 
por dejar exclusivamente vias de acceso de bajas es- 
pecificaciones para evitar la especulacion del valor 
de la tierra y el crecimiento de la mancha urbana ha- 
cia esos lugares. 

Este es en terminos generales el planteamiento 
que se tiene para la Zona Metropolitana de Quereta- 
ro. Se reconoce la necesidad de continuar con estos 
trabajos para el resto de las vialidades y su comple- 
mentacion con estudios de movilidad para las prin- 
cipales areas generadoras de viajes. 

Cabe resaltar el hecho de que se trata de un es- 
fuerzo conjunto entre las autoridades locales, la opi- 
nion de expertos en planeacion urbana y de la socie- 
dad en su conjunto. 

\ 

Figura 8. Ejes Viales 

Tabla 4. Costos por Horizonte de Planeacion 

7 COSTOS DEL PROGRAMA 

Los costos del Programa Sectorial se calcularon 
con base en el tabulador establecido en el Gobiemo 
del Estado de Querktaro para junio de 1999 e inclu- 
yen la estructura del pavimento, guamiciones, ban- 
quetas, seiialamiento horizontal y vertical, asi como 
un porcentaje para la el pago de afectaciones. 

Los anchos de las secciones para la vialidad re- 
gional fueron de 40 y 60 m, para la vialidad primaria 
de doble sentido de circulacion de 20 y 25 m, y para 
ejes de un solo sentido de circulacion de 20 y 14.85 
y m, respectivamente. 

Se estimaron costos para 14 vialidades regionales 
y 216 vialidades primarias, en las Tablas 3 y 4 se 

Presentan las cifias alcanzadas para cada uno de 10s 
horizontes de planeacion, asi como de acuerdo a1 ti- 
PO de vialidad. 

475 



8 CONCLUSIONES 

Los principales problemas detectados a 10 largo 
del estudio fueron 10s siguientes: 
El transito de carga de largo itinerario y el que 
transporta sustancias peligrosas que cruzan la Zona 
Metropolitana, se mezcla con el transit0 urbano pro- 
vocando congestionamiento, contaminaci6n y alta 
peligrosidad en la circulacion. 

Existe una falta de comunicacicjn entre delega- 
ciones y municipios ya sea en la direccion Norte - 
Sur o en la Oriente - Poniente, dependiendo de su 
ubicacion, a excepcion del Centro Historico. 
No hay continuidad en la vialidad primaria, 10 que 
reduce su potencial de utilization y concentra el 
transito en aquellas vias que tienen una longitud 
adecuada. 
Es notoria la diferencia existente entre el creci- 
miento del transit0 y la construccion de vialidades 
con capacidad suficiente y especificaciones acordes 
a las necesidades presentes y futuras. 

Las premisas con que se bas6 el Programa Secto- 
rial de Vialidad Regional y Primaria de la Zona Me- 
tropolitana de Queretaro 201 5 son: 
Crear un document0 rector que oriente 10s esfberzos 
de las distintas autoridades involucradas en la con- 
struccion de vialidades, evitando duplicidad de es- 
fuerzos y eficientando la utilization de 10s recursos 
en este rubro. 
El Programa busca la consolidacion de la mancha 
urbana, por 10 que la mayor parte de las acciones son 
la modernization y prolongacion de las vialidades 
existentes. 
La propuesta asegura una comunicaci6n permanente 
entre todas las areas, a1 dotar de a1 menos dos en- 
tradas y dos salidas para cada una de las delegacio- 
nes y municipios dentro de la Zona Metropolitana. 
Para 10s viajes que requieren recorrer grandes dis- 
tancias dentro de la mancha urbana, se crea un 
primer anillo metropolitan0 que permitira reorientar 
el transito, reduciendo la dependencia de vialidades 
como la AV. 5 de Febrero y la autopista Mexico - 
Queretaro, ademas de reducir el tiempo de recorrido 
por ser una via sin semaforos, intersecciones a nivel 
y libre de transporte public0 en 10s carriles centrales, 
por 10 que se convertira en colectora y distribuidora. 
Con las acciones propuestas dentro del programa 
Sectorial se confonna una red vial primaria, por me- 
dio de ejes viales, que son opciones reales de 
movilidad, ademas de permitir una comunicacion 
adecuada Norte - Sur y Oriente - Poniente con sec- 
ciones capaces de albergar el transito presente y fu- 
turo . 
La red vial propuesta, cuenta con las caracteristicas 
fisicas y operacionales que permiten una reorde- 

nacion del transporte publico de pasajeros, sin nece- 
sidad de crear nuevas vias o realizar adecuaciones 
geometricas. 

La propuesta del programa, consiste fundamen- 
talmente: 
a.- Para la Vialidad Regional, en la conformacion 
de: un Anillo Metropolitan0 y Dos Libramientos, 
entendiendo por conformacion la Modernizacion, 
Prolongacion o Construccion de las vialidades que 
10s conforman. 
b.- Para la vialidad Primaria, en la consolidacion de 
13 Ejes Viales, entendiendo por consolidacion, la 
Modernizacion, Prolongacion o Construccion de las 
vialidades con que se integran estos 13 ejes. 
Si bien el costo del programa requiere de una inver- 
siljn cuantiosa se debe sin duda a1 rezago en la 
construccion de vialidades con relacion a1 creci- 
miento de la Zona Metropolitana de Queretaro. Es 
necesario recalcar que el Programa Sectorial unica- 
mente incluye a la vialidad regional y primaria, 
siendo necesario desarrollar programas similares pa- 
ra la vialidad secundaria, el equipamiento urbano, 
estacionamiento, el transporte publico y la legisla- 
cion sobre el us0 del suelo. etc. 
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ABSTRACT : ‘This paper presents the transportation challenges of Bangalore for the next ten 
years 

Bangalore is the 5“’ largest city in India, 
with a population of about 5 million. The 
urban aggloiiieratioii covers an area of 272 
Sq. Kills. Unike other metropolitan cities 
of India, public transport in Bangalore has 
been confined to road transport. Though 
nia-jor rail lines criss-cross the city, there 
has been no concept of suburban railway 
transport. Decadcs ago the railways had 
introduced a push-pull train between 
Bangalore and Yelhaiika but due to poor 
response this train is now non-operational. 
There is no scope for having an 
underground railway in Bangalore. 
Therefore even to this day transport need 
of Baiigaloreans is met only by road 
transport. 

As a policy the Government of Kariiataka 
has decided that tlie nietropolitan area of 
Bangalore be a nationalised area for road 
transport. This means that the public road 
transport service in Bangalore will be the 
inonopoly of tlie State Road Transport 
Corporation, a Governmental agency. Till 
the year 1997 tlie needs of Bangalore was 
met by the BTS Divisions of the Karnataka 
State Road Transport Corporation. I n  tlie 
year 1997 a new public sector road 

transport agency called Bangalore 
Metropolitan Transport Corporation 
(BMTC) was carved out of KSRTC to 
exclusively cater to road transport needs of 
B angaloreans. 

There has been a phenoinenal rise in the 
population of Bangalore especially during 
the 80’s and early part of 90’s. ‘The 
population, which was less than 30 lakhs in 
1981, touched alniost 42 laklis in 1991. 
This steep rise in population put severe 
strains on the city bus services. The State 
rmi transport organisation was unable to 
increase its ileet strength due to financial 
constraints. The gap in  supply was 
therefore filled by privately owned 
vehicles. Tables I shows the growth of two, 
three and four wheeler vehicles during the 
decade 1988 to 1998. 
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One of the peculiar phenonienon of 
Bangalore is the steep rise in the number of 
three wheeler autorickshaws. Tough 
autorickshaws are found i n  almost all cities 
India, their growth in Bangalore is 
something unnatural. I n  the year 1990 die 
nuniber of autorickshaws in Bangalore was 
15, 800. In tlie year 1998 this number has 
grown to over 50, 000 and it  is reported 
that another 15, 000 autos will hit tlie roads 
of Bangalor-e very soon. 

The increase in the number of autos can be 
directly attributed to the inarked preference 
of‘ Bangaloreans for this niode of transport 
which is economical and fast. The 
auto r i c ks liaivs ca i i  eas i 1 y wade t 11 ro ~ i g  li city 
traffic carrying three persons. Neiice they 
have become a preferred niode of transport. 

I t  is pertinent to mention here that t i l l  tlie 
early 80’s there was no coiicept of rnaxi- 
cabs in Bangalore city. Maxi-cabs by 
definition are large vans capable of 
carrying 12 passengers. During tlie latter 
half of 80’s maxi-cabs mushroomed all 
over the State of Kariiataka and in 
Bangalore also they started plying in the 
outskirts of city carrying people from the 
suburbs to various industrial units lying 
outside tlie city. I t  tlie State of Karnataka 
alone about 15, 000 maxi-cabs have been 
registered and the number of maxi-cabs in 
tlie State is higher than tlie number of 
buses in tlie public sector. I n  Bangalore, 
there are over 3500 maxi-cabs. 

Bangaloreans by nature do not prefer to 
travel by cabs (taxies) which carry 4 to 5 
people. The nuniber of metered cabs in  
Bangalore is nieagre and if at all people. 
Tlie iiuiiiber of iiietered cabs in  Bangalore 

vehicles on tlie road has also contributed to 
air pollution as well as noise pollution. 
Bangalore has bceii lmowii to be a city 
which induces diseases like Asthania. With 
tlie deterioratioii of air quality in  
Bangalore, varioas diseases seem to have 
increased. Tlis pollution due to motor 
is meagre and if at all people use cabs they 
are private taxies which do not have 
meters. These taxies are norinally used on 
contract basis or used for long distance 
travel. 

The large number of vehicles on Bangalore 
roads has resulted in the number of road 
accidents increasing by leaps and bounds. 
Table I1 below gives the statistics of road 
accidents both fatal and non-fatal over the 
years. This table also shows the 
contribution of autos and maxi-cabs in 
iiicreasing the accident statistics of 
Bangalore. 

Table 2 
Statistia of road accidents both fatal and non-fatal in Bangalore roads 

Year Fatal No.of persons Non-fatal No.of persons 
killed injured 

1980 295 316 3920 3429 
1985 403 419 4402 3892 
19% 537 562 6192 5677 
1995 642 678 8035 6966 
1998 685 726 7675 6358 

Statement showing number sf accidents in which auto rickshaws, 
two wheelers and maxi-cabs(Tempos) are involved. 

Year Autonckshaws Two wheelers Maxtcabs(Tempos) 

1996 1063 1869 1209 
1997 1039 1860 1238 
1998 1015 1944 1173 
1999(Up to 566 1255 6% 
31.8.99) 

_...._...-._..*...*..-.-..----.--.--.-.-.-...-...---......-------- 

The increase of the nuiiiber of motor 
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'The increase of tlie number of iiiotor 
vehicles on tlie road has also contributed tc 
air pollution as well as noise pollution. 
Bangalore has been known to be a city 
which induces diseases like Asthma.  With 
tlie deterioration of air quality in 
Bangalore, various diseases seem to have 
increased. The pollution due to motor 
vehicles in Bangalore city is given at Table 
111. 

Table 3 

Motorcycle 
Rickshaw 
car, petrd(caP*) 
Car, diesel 
Tradw 
Bus BMTC 
Bus non BMTC 
Truck,  trail^ 
Maxi-cab 

10 
9 

140 2) 
I 

2 
2 
2 
1 

lS(O.3) 

5' 
S' 

2 
6 
7 
6 
6 

j(0.4) 

Z ( O . 3 )  

0. I 
0.15 
6(2) 
8 

31 
24 
24 
24 

100) 

5' 0.2 0.03 
5' 0.2 0.03 

8(0.5) O.S(O.01) 008 
5 I -  

I8 3 . 
16 3 . 
16 3 . 
17 3 . 

ll(O.6) 0.8(0.01) 0.08 

0. I 
0. I 
0.3 
0.2 
0.9 
0.7 
0.7 
0 9  
0.4 

Tlie increased number of vehicles on 
Bangalore roads has put severe strain on 
tlie roads of Bangalore. Unlike other 
iiie t ro po 1 it an c i t i es B anga 1 ore has not 
grown in a vertical nianner. High rise 
residential complexes are restricted to very 
few areas. 

I t  is seen that tlie land use in Bangalore 
presents a low density and low rise profile. 
Almost 35 percent of the land available is 
used for resideiitial purpose and 31 percent 
is available for transportation. However the 
roads of Bangalore are not very wide 
enough. Bangalore has two separate city 
centres traditionally know as city area and 
cantonment area, both areas being divided 
by a green patch called Cubbon Park. The 
city centre for tlie city area is Kenipegowda 
Road/Avenue Road/Krisliiiaraja Market 

Table 4 

1990 2010 
Landusecategory Area(hectares) o/o Are.a(hectares) % 

Residential 9878 34.8 24369 43.2 
Commercial 675 2.4 1644 2.9 
Industrial 2039 7.2 3844 6.8 
Public, semCpublK 2616 9.2 4909 8.7 
Parks, open space 2132 7.5 7788 13.8 
Transportation 8% 31.5 11697 20.7 
Undassifed 2114 7.4 2214 3.9 

TOTAL 28400 100.0 56465 100.0 

areas and tlie city centre for the cantonment 
is Mahatma Gandhi Road/Brigade 
Road/Coniniercial Street/Shivajiiiagar 
areas. The land use of Bangalore is given 
in Table IV. 

As can be seen from tlie above the traffic 
situation in Bangalore is not comfortable. 
Tough tlie traffic congestion is high during 
peak hours, there is no cause for alarm as 
of now. However tlie traffic scenario is 
slow 1 y ni o v i ng to wards ~ inm an age a b I e 
levels and the situation will drastically 
alter in the year 20 10. 

TRAFFIC SCENARIO IN 20 10. 

Tlie land use in 1990 and 20 10 is shown in 
Table IV. It  is seen that tlie land available 
for transportation needs will shrink by 
more than 10 percent during the year 2010 
and this will naturally cause very heavy 
strain on tlie roads of Bangalore. In tlie 
year 20 10 the population of Bangalore is 
expected to be more than 70 lakhs. It is 
estimated that in tlie year 2010 tlie nuniber 
of BMTC buses plying on the roads of 
Bangalore will be less than 3000. 
However, due to rise in population, tlie 
demand for BMTC buses would be about 
5000. This gap in demand and supply 
would again give rise to increase in 
privately owned vehicles. 
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It is estimated that in tlie year 2010 the 
number of private vehicles will grow three 
fold and is expected to touch the figure of 
3.53 niillion. With such a phenomenal rise 
in the nuniber of vehicles and with tlie 
depletion of land space for transportation 
the situation in Bangalore will become 
alarming aiid will be akin to the situation 
faced by Bangkok today. If no remedial 
measure is talteii now itself the situation 
will go out of’ control. 

Urban Planners are already aware of this 
problem and have prepared various plans. 
Some of these plans and some suggestions 
which I propose to venture are detailed 
below : 

TACKLING rr r-I E PROBLEMS 
ENVISAGED IN 2010 : 

(a) Adding inore land for public transport : 
During the past 3 years efforts have 
been made to build ring roads around 
Bangalore city. Two stretches of ring 
road fioni Domlur to Koraiiiangala and 
Kanaltapura Road to Hosur Road are 
already in operation. The third stretch 
froin Hebbal to Caiitoiiineiit has now 
been open for traffic. When completed 
these ring roads will add more area for 
transportation. 

At present a nuiiiber of flyovers are being 
built in  Bangalore. These, wili no doubt, 
add more land for transport use but it is 
pertinent to mention that these flyovers 
will not help in easing the congestion at 
city centres. 

Sometime ago soiiie planners mooted the 
idea of covering the existing open storin 
water drain which criss-crosses Bangalore. 
The existing storm water drains connect 

the periphery of Bangalore to the central 
areas (Please see tlie map). The width of 
these drains are 2.5 metres on an average 
aiid at some places they are between 7.5 
and 10 metres wide. Since at present the 
drains are not covered they have become a 
health hazard and an ugly sight. If these 
drains are covered we would be able to get 
suitable space that could be used to meet 
tlie transportation needs of the city. The 
covered drains can be made both as 
dedicated tramway or dedicated bus lane. 

Since drains are situated in  highly 
populated areas tlie covered space would 
considerably ease the strain on existing 
roads. 

Without making heavy investments it 
would thus be possible to increase the land 
space in Bangalore. 

(b) Improving existing road transport 
system : After the operations of 
Bangalore City were removed from the 
purview of KSRTC consequent to the 
formation of RMTC in 1997 there has 
been significant improvment in the bus 
operations within tlie city of Bangalore. 
A comparison of operations in 
Bangalore city before and after the 
formation of new Corporation is b’ w e n  
in Table V. 

Table 5 

Ils on 31,8.1999 = 2126 b u s  

Even with the improved operations BMTC 
will be unable to generate enough surplus 
funds to invest 011 infrastructure 
developments. As stated already the 
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number of buses required to meet the 
needs of Bangalore population in 20 10 will 
be 5 ,  000. Within the next 10 years BMTC 
will not be able to generate Rs. 250 crore 
to invest 011 purchasing 3000 new buses. 
Since the need is to put more buses on the 
road BMTC like many other transport 
corporations in ttie country has envisaged a 
scheme of hiring private buses to run under 
its supervision. In this scheme BMTC wiI1 
take on liire private buses along with the 
driver, put a conductor on these buses and 
run these buses on tiie notifjed route of 
BMTC. Under the scheme the BMTC will 
avoid cost on the buses, the bus driver, the 
fuel and otlier peripherals. BMTC wilI 
meet the cost of the conductor and bus 
owner will be paid about 8 to 9 rupees per 
Kin. R ~ i i  by his bus. It is seen under this 
scheme tlie cost of operation per Km. Is 
between Re.l.50 to Rs.2.00 less than the 
cost of operat~oii of buses owned by 
BMTC. At present over 100 buses are 
operating on Bangalore routes under the 
scheme. I f  the scheme is expanded and if 
more than 700 buses are added to BMTC 
through this scheme there would be 
signif-icant improvement in the road 
transport scene in Bangalore. 

It is to be ~iieiiti~iied here that even though 
tiie scheme has generated interest it wili 
not be possible for BMTC to have almost 
50 percent of its fleet through privately 
owned buses. I n  fact such a scheme in 
Delhi was a big failure. 

It can therefore be concluded that BMTC 
will not be able to meet the challenges of 
2010. 

Metro bus concept : The metro bus concept 
envisages rL~iiiiiiig of huge buses having 

very high carrying capacity (almost three 
tiines the capacity of present bus) to ply on 
trunk routes. The trunk routes will be roads 
from city centres to i~iiportant suburba~ 
centres i n  various directions . At these 
places terminals will be built. The trunk 
routes will be fed by feeder routes. These 
feeder routes will be located in tlie 
outskirts, 4 to 5 Kiiis, Away from the city 
centres. Tlie feeder routes wit1 connect all 
tlie suburban centres. In the terniinals 
transfer between trunk routes and feeder 
routes will take place. In other words this 
is a liub and spoke concept. 

Consequent to the successful experiment in 
Curitiba, a city i n  BraziI, planners thought 
that the concept of i~itroduc~iig metro buses 
should be tried in Bangalore too. A 
feasibility study, funded by Swedish 
I n t e 1-12 at i o 11 a I Agency , 
SIDA, has been completed in this regard 
and the team of consultants have already 
produced tlie report. The Consultants feel 
that Bangalore has all the ideal conditions 
for introductio~ of metro buses. 

D e ve 1 o p men t a I 

The trunk road has to ideally be dedicated 
bus lanes where large articulated buses can 
pty at high speeds. At present in  India 
buses are built on truck chassis and bus 
designs are quite old. The bus floor is quite 
high from ttie ground level resulting in  
u n c ~ i ~ f o r t a b ~ e  entry and exit at bus stops. 
Tlie buses in India cannot carry more than 
60 passengers. 

The metro bus, on the other hand, is 3 axle 
single aI-tic~i~ated bus having a length of 18 
metres and width of 2.55 metre. This bus 
which can run at a niaximuni speed of 70 
Kin. Per hour can carry up to 215 
passengers. 
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In the metro bus concept, trunk routes will 
be serviced by the metro buses and feeder 
routes will be serviced by other existing 
standard buses or high capacity buses 
which carry up to 120 passengers. 

The existing wide roads in Bangalore can 
be used as trunk routes. I n  tlie trunk routes 
the metro bus will ply either on the kerb 
side or they can ply 011 the middle of the 
road or they caii go on coiitra flow lanes. 
Contra flow lanes means buses moving in 
one way street against the traffic flow. 

Since tlie metro buses 011 the trunk routes 
have to necessarily move at high speeds it  
is necessary to have dedicated lanes for tlie 
same. With some adjustment it is possible 
to have dedicated lanes in Bangalore city. 
But while making dedicated lanes it has to 
be presuled that introduction of metro 
buses will result in  reduction of other type 
of vehicles likes two wheelers, iiiaxicabs 
and autorickshaws. 

I t  is felt that the metro bus system 
implementation will take about 5 to 6 
years. Even though the trunk routes can be 
identified it  is necessary to have new 
depots for new type of buses. Also way 
side bus stations as well as terminals for 
transfer of conirnuters from feeder lilies to 
trunk lines have to be built. I t  is estimated 
that even if 25 articulated buses are 
introduced on only one or two trunk routes 
to begin with, the prqject would cost about 
Rs. 35 Crores. The amount of Rs. Crores is 
not very high but as stated earlier BMTC 
will not be in a position to invest this 
amoLint and one has to go for borrowings 
fro in f i iiaiic i a1 i i i  s t i t U t i o 11s. 

On the other hand, the Goverli1i1eilt can set 
up a separate transport corporation to run 

metro buses in  Bangalore and give all the 
feeder routes to BM’TC for its operation. 
‘This way tlie iiietro bus project would 
fruc t i fy early. 

Elevated liglit rail transit system : The 
planners in  Bangalore have already moved 
in the direction of liaviiig ELRTS for 
Bangalore. Compared to the buses which 
are plying on the roads of Baiigalore the 
elevated light rail has better passenger 
carrying capacity as caii be seen froin the 
Table below : 

Svstem Hourlv Passenqer am ina cifwcjfy 

Private vehicle 4,000 
Omni bus 15,000 
light Rail Transit 25,000 
Suburban Rail 45,000 
Underground Rail 75,000 

Since Bangalore cannot have an 
underground rail system, in tlie year 1994 
tlie Government of Karnataka thought that 
light rail transit would ideally suit the 
needs of Bangalore city. The Government 
thus constituted Bangalore Mass Rapid 
Traiisit Limited, an organisation to 
hiplemeiit the inass rapid transit sycteiii in 
Bangalore. This conipany signed an 
agreement with U.B. Group Consortium in 
1997 to set up elevated light rail transit 
system under build, own, operate and 
t ra i i  s fe r arrange i n  e i i  t . 

The ELRTS proposed for Bangalore will 
cover about 100 Kms. , and will coinprise 
of 4 major lines viz. , red, green, blue and 
yellow. The red line is from 
Yesliwanthupur to Marthally, the green 
line is from West of Chord Road to 
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Kaiiakapura Raod, the blue line is from 
Yeshwanthpur to Kanakapura Road and 
Yellow line is froni Hebbal to J.P. Nagar. 
The proposal is to complete the entire 
system in two or three phases in a total 
period of about 10 years. 

The UE3 Group Consortium proposes to 
have LRT trains consisting of four light 
rail vehicles. Each vehicle will 
accommodate 60 sitting and 180 standing 
passengers and will have an average speed 
of 40 Kms. Per hour. Tlie Consortiuni 
proposes to levy a fare of Re. 1.10 per Kni., 
and wants to make use of automatic fare 
collection systeiii. The fare structure 
proposed by the Consortium matches the 
fares levied by autorickshaws in the city at 
present. 

The ELRTS will comprise of about 87 
stations and each station will be at distance 
of about one Kin., on an average, froni 
each other. Tlie estimated project cost will 
be around Rs. 5, 000 Crores. Though the 
first phase of tlie project was to coiiiinence 
in 1999 itself, so far no progress seems to 
have been made. 

Suburban Railway : At present 3 major 
railway lilies run through Bangalore city. 
They are (1  ) Bangalore-Mysore line which 
connects the suburbs of Kengeri and 
Nagarabhavi to the city centre, (2) 
B an galore - G u n t a ka 1 1 i ne LV h i c h can 
c o line c t s B a n g a 1 o re c a n t o ii i i i  e n'i , F r azer 
Town, etc., (3) Bangalore-Madras line 
which can connect Krishnarajapurani and 
White Field to tlie city centre and (4) 
B a n g a 1 o re - M i raj 1 i ne w h i c h c an connect 
M a 1 1 e s wa rani, H M?' 
Colony and other areas. If these lines can 
be interlinked it will be possible to run  
suburban trains on the existing railway 

Yes h wan t lip ur , 

tracks. Though this will not fully solve the 
problem of congestion the new suburban 
services will at least ease the congestion 
during the peak hours. 

For meeting peak hour demand of a city 
like Bangalore it is not correct to depend 
on only one type of system as is being 
done now. All over world the thinking is 
towards having an integrated public 
transport system so that the traffic can be 
cleared expeditiously. The integrated 
public transport system will be a 
complement for metro bus, other type of 
bus, light rail transit and suburban train 
system. All these 4 system will 
complenient each other aiid help ease the 
traffic . 

Any iiiiproveiiient in  public transport 
system should ideally result in curbing the 
number of personalised vehicles. A study 
has shown that in Bangalore 22 percent of 
tlie traffic comprises of two wheelers going 
fi-oiii various directions to the city centres, 
12 percent of the tdtal traffic are cars and 
10 percent are two-wheelers. Thus almost 
50 percent of the traffic flow during peak 
hours is towards city centres. If public 
transport system is improved it will be 
possible to have 75 percent of the road use 
by buses and 25 percent by other vehicles. 
Since the Bailgalore coiiiniuters are used to 
the freedom afforded by personalised 
vehicles i t  is necessary to device ways aiid 
means of curbing road use by private 
vehicles. This can be done in the following 
manner : 

(a) Ban 011 registration of auto rickshaws. 
Auto rickshaws are contributing to noise 
and air pollution and unless their 
number is limited the traffic cannot be 
controlled. I t  is therefore necessary to 
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limit the registration of auto ricksliaws 
to the present levels and at least for 10 
years from years 2000 to 2010 no new 
auto rickshaws should be registered. 

(b) Limiting maxi-cabs : The maxi-cabs 
which are already registered are 
operating as public carriers 
clandestinely. The State Government 
has taken a correct policy i n  increasing 
the tax structure for these vehicles 
which will no doubt limit their nuniber 
in future. However if as a policy 
registration of these vehicles is stopped 
for 5 years there will be less such 
vehicles on the roads. 

(c) Control tlie numbers of t\vo wheelers : 
If  tlie public transport system improves 
tlie number of' t\vo wheelers coming on 
the road will automatically decrease. 
We caii also think of levying higher tax 
for these two wheelers so that people 
are encouraged to use tlie public 
transport. 

(d) Increasing of parking iees : At present 
in Bangalore, parking lees in collected 
in very few places. Like in western 
countries people must be made to pay 
for parking their vehicles on the roads. 
We should consider banning parking in 
major roads like Brigade Road, 
Commercial Street etc. I n  roads like 
M.G. Road and J.C. Road very stiff 
parking fees are to be prescribed so as to 
discourage shop keepers and 
bus i ne s snien o c c u p y i ng t lie parking 
place and also discourage others coming 
into city centres. 

Apart from tlie above city planners can 
also think of introducing electronic road 
pricing system, a system by which toll is 
collected for road use by a vehicle 
t.1 ec t 1-011 i call y . 

I n  order to introduce this system it is 
necessary that each and every vehicle 
should have an electronic instrument. The 
owner of tlie vehicle will pay the pre- 
determined amount and get the instrument 
loaded. The iiioiiient the vehicle crosses 
tlie toll collectioii Gantry, the cameras at 
tlie gantry and tlie antennae regiter the 
vehicle and automatically deduct tlie toll 
amount from the vehicle. I n  Italy the 
system is called Easy Card and in America 
it is also known as E-Z Card. I n  Singapore 
however tlie system has been modified as 
an Electronic Road Pricing system. I n  this 
system tlie roads of Singapore lias been 
divided into two zones viz., Inner Zone and 
the Outer Zone. The CBD conies under the 
Inner Zone. Any vehicle corning into the 
Iiiiier Zone lias to pay a very high toll for 
using the road. The toll is prescribed based 
on entry times. Supposing a vehicle enters 
tlie Inner Zone. Any vehicle coming into 
the Inner Zone has to pay a L'ery high toll 
for using the road. The toll is prescribed 
based on entry times. Supposing a vehicle 
enters tlie Inner Zone during peak office 
hours the toll will ds high whereas the toll 
will be less during non-peak hours. At 
many roads Gantry caiiieras have been 
fixed and once tlie vehicles cross the 
Gantry tlie toll is automatically deducted. 
This will prevent vehicle users from 
bringing their vehicle into tlie city during 
peak hours and those who want to enter the 
city will enter and amount collected will be 
used for improvement of the traffic. 

CONCLUSION : Tlio~igh the traffic 
situation in Bangalore during the year 
2010 would cause alarni, by curbing the 
number of private vehicles in  the city and 
by having an integrated public transport 
system tlie situation can be effectively 
iii a 11 age d. 
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3 Transport demand management measures 
Demande de transport et mesures de gestion 
Medidas para la administracion de la demanda de transporte 
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Traffic management and road designs for improving traffic flow: A case for bus 
priority lanes with segregated cycle tracks 
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ABSTRACT :Detailed field studies in Delhi show tliat since bicycles and other non-motorized vehicles tisc 
tlie left side of tlie road, buses are unable to use the designated bus lanes and are forced to stop i n  the middle 
lane a t  bus stops. Tliis disrupts tlie smooth flow of traffic in  all lanes and maltes bicycling more hazardous. 
Motorized traffic does not use tlie curbside laiie even when bicycle densities are low. All iiiodcs of transport 
iiio\'e in sub-optimal conditions in tlie abseiice of facilities for non-motori& vehicles. I n  this paper we 
i l l  tistratc that pedesti-iaiis, bicyclists and non-motorized rickshaws are tlie most critical elements i n  iiiiscd 
traffic. 1 f tlie inliastrticture design does not meet tlie requirements of these elements all modes oftransport 
operate in sub-optimal conditions. It is possible to redcsigii tlie existing roads to provide safe and convcnient 
ciivironiiient to non-motorized modes. This also results in  improved efficiency of bus transport vchiclcs and 
c~ihanced capacity of the col-ridor \;/hen measured iii number of passengers per hour per lane. The ])ape:- 
illustrates tliat tlie capacity achieved in a corridor by redesigning tlie road cross section, which includes 
scgcgated cycle traclts, and exclusive bus lanes coiiipares favorably to capital intensive option like MRTS. 

H1;SES: MAJOR MEANS OF TRANSPORT IN 
A S I A K  COUNTRIES 
;\/lost cities in Io\\. incomc countries' rely heavily on 
tlic tisc ofbiises. I t  is the major iiieans of mobility, 
13 ;I 1-1 i c ti 1 a 1-1 y fo r t lie 1 o ~v - i n co ni e pop LI 1 at i o n' ' . The 
shai-c of piiblic transport trips even in tlic liigli- 
incomc Asian countrics is much higher compared to 
~I ic  Europcan countries. (Table 1 ) .  
In LICs \vallting and non-motorised veliicles are tlie 
11 iwlo i i i  in an t  t rave 1 modes in  i i i  os t cities. Pub 1 i c 

'I'at>lc 1 MotiaI split of I'assenger Traffic 111 Selected European 
a i i c i  .\sian ('oiiiiti-ies ( 1096) 

, 

o/o Private 1 "4) Rail 

~ t 1-21 lisp 0 rt i I j 

! I< In~dolll ' 
.- _____ 

spa Ill 12.1  : s1.5 ! 6.32 i 

I ixii s po II i s tlie p red oni i nail t iii ode of motorized 
~ r a \  cI in most cities Wallting and non-motorized 
iiiodcs are less significant in middle-income 
countries. I n  most cities in these counti-ies, bus use 
predoni i nat  cs. 

high-income countries are differentiated from sucli 
cities in I O \ Y  and midclle-income countries by the use 
of iiiass rapid transit (MRT) and coiiimutcr rail  
systems. Buscs form the bacltbone of ti~-baii ptiblic 
t ran sp o 1-t se I-v i c e s t 11 1-0 11 g 11 o i i  t As i a. 11 o \vc v c r. o \: c I- 
crow d i n g , i iic reas cd i n c i ci eiice o f b rca I< d o\v11 s a 11 d 
poor service frequency has resulted in decline in 
general levels of service and comfort. 
Consequently, a large number of lDVs are operat iiiy 

as paratransit modes i n  Asia cities. l.'liis scr\,icc I S  

iiios t 1 y provided by t lie i ii fo 1-iii a 1 sec to 1-. Pa 1-a t II 11 s i t 
operations provide an important service in  cilics 
throughout tlie region with the notable cxccptions of 
China and high-income countries sucli as Australia, 
Japan and Singapore'' . 

Tlic travel characteristics of large cities in 

J7eh L cle OIW etsli ip I I I As I 11 t I CO iiii t 1-1 c I 

Econo in I c gro \\ t 1 I ,  11 rb an I  at 1 o 11 ;i 11 d 1) o 12 11 1 at I o I I 
ti-eiids III Asiar; C I  tics indicate tliat tlic u ~ - b a n  
population of Asi,in ci tics will lia\ie to depend 
lieav i 1 p upon 1' 11 b 1 I c t ixns port for t li c 1 1 t rave 1 n cctl , 
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unlil<e tlie European cities, wliicli are heavily 
dependent on private ti-ansport. Though the average 
income levels of people i n  Asian countries are 
expected to rise, these countries wotild still have 53  
percent of tlie world's poor people by the year 1000'. 
Tli~is, travel demand would increase i n  low income 
Asian countries having 50 percent of tlie world's 
poor. Vehicle ownership of private vehicles and 
avai lab i lit y of 13 ub 1 i c transport veh i c 1 es WO CI I d 
continue to be low despite increase in the ntimbci- of 
vehi c 1 es . As evident i n  high- i n co m e As i an co 11 i i  t r i cs, 
the existence of large public transport demand on tlie 
main travel corridors of large urban areas leads 
necessar i 1 y to tlie i nip 1 em en t at i on of hi gli capacity 
systems. These have been successfully operating in  
cities of high-income countries. Since most Asian 
countries have scarcity of 1-esoiii-ces and low-income 
Ict\jels, operating bus based public transport system 
is tlie only option, which is economically and 
iinancially viable. 

TIIAFFIC PATTERN ON URBAN ROADS 
Since bicycles and other NMVs use tlie left most 
lane of tlie road, buses are unable to use tlie 
dcsignated bus lanes and are forced to stop in the 
middle lane at bus stops. All modes of transport 
move in sub-optimal conditions in the absence of 
facilities for NMVs.  This disrupts the smooth flow 
o f  traf'fic in all lanes and makes bicycling more 
h aza I- d o LI s. T 11 ere fo re, p ro v i d i n g a se p ara t e b i c y cl e 
track/ lane for NMVs would iiialte more space 
;I\ ailablc for motorised modes and make bicycling 
Icss hazardous. It is also obvious that in the absence 
ofscgregated N M V  lanes on arterial roads, i t  is not 
possible to provide designated lanes for buses. 

Pedestrians. bicyclists and non-motorised 
ricI.;slia\vs are tlic most critical elements in niixed 
traflic. If tlie infrastructure design does not meet tlie 
rccluircments of these elements all modes of 
transport operate in sub-optimal conditions. It is 
possible to redesign tlie existing roads to provide 
sa fc an d con v en i en t e n v i ro mien t to n on-nio t o r i sed 
modes cspecially if the riglit of way is 30111 or 
more"'. This also a prei-equisite for achieving 
i iii p ro v ed e ffi c i e 11 c y o f p ti b 1 i c t ran s p o rt veli i cl es and 
c:;hanced capacity of the corridor when measured i n  
number of' passengers per hour per lane. 
Scgi-egated bus lanes are necessary to meet the 
iiicreasiiig travel demand and to improve tlie public 
transport senrice. Except in some urban corridors 
where the centre of the road is reserved for buses, in  
iiiaiiy cities around tlie world, the curbside lane is 
I ~ L ' S C I - L ~ ~  for buses. The latter has been attempted in 
Dclhi. but with no siiccess. In  tlie absence of 

rcgated bicycle lanes bicyclists use the curbside 

lane. This makes it  impossible for buses to use tlie 
left-most lane in  spite of repeated attempts at 
enforcement by the Delhi Police. If separate lanes 
were available then all bicyclists would use them 
and this \vould malte tlie curbside lane available for 
buses. .4s a matter of fact, the presence of 
segregated bicycle lanes is a necessary pre-condition 
for establishing bus lanes. 

ROAD SECTON PLANNING FOR EXCLUSIVE 
BUS LANE 
Our studies show that on Lirbaii arterials the curbside 
lane (3.5 ni) is used primarily by bicycle and other 
non motorized traffic. Because of the presence of 
bicycles and NMVs i n  tlie far-left lane, buses are 
unable to use thes lane and are forced to stop in the 
middle lane at bus stops. Motorized traffic does not 
use tlie curbside lane even when bicyclelNMV 
densities are low. A segregated bicycle lane needs 
only 2.5 111 and since most of the major arterials in  
Delhi as well other Indian cities wliere planned 
development has talten place after 1960s, have a 
service road, the existing road space is wide enough 
to accommodate a bicycle track. This wotild not 
require additional right of way for road. A detailed 
study completed i n  Delhi, India shows lion, existing 
roads can be redesigned within the given right o f  
way to provide for an exclusive lane foi- N MT 
modes (bicycles and three wheeled i-icl<sha\vs).' ' I '  

intersections have been prepared i n  Delhi on thc 
basis of following criteria: 
1 .  

2. 

3.  

4. 

5 .  
6. 

Detailed designs for road cross section and 

Pliysicallj/ segregated bicycle tracks on 
routes which have >301n ROW. 
Reconimentled lane width on main 
carriageway 3 111 (mini ni ti m ) . 
Recommended lane width for buses 3.3 iii 
(mini niuni ) . 
Recommended lane width for bicycles 2.5 m 
(mini ni uni) .  
Separate service lane and footpath. 
Intersection modification to include the 
fo 1 I o w i ng : . Restrict free left tums 

Modify traffic signal cycle 
Roadside furniture to eiisiir 
nio veni e ii t and ni i i i  i ni i se i i i  t cl. fe re iice 
fro ni iiio tor i sed t wo \v liec 1 e r s  

Exclusive bus lanes can be provided either as 
curbside biis lane (Figure1 ) 01- central two lanes 
physically segregated from rest of tlie traffic 
(Figure2). Table 2 lists critiria that should be 
adopted for cliosing one of tlie two options. Figure 1 
and 2 show detailed designs where two lanes of3m 
each are proposed for tlie main cai-riagc\\iag, in  
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Table 2. Criteria for site specific choice between a central bus-lane layout and a curb-side bus-lane layout 

Figure 1 .  Road layout showing exclusive curbside 
buslane Figure 2 Road layout showing central bus lane 

addition to the 3.3111 wide ceiitral/curbside bus-lane. 
In the case of the central bus lane stretches the two 
3.3111 wide lanes combine to foiiii a 6.6111 wide 
undivided two way road. A 2.5 in wide cycle t i x k  is 
proposed tlirougliout the length of the corridoi- 
running adjacent to the main carriageway (separated 
by a 0 . h  wide divider on either side) A service lane 
is proposed between the cycle track and the 

peripheral footpaths all along the stretch wi tli it 

iniiiiiiiui~i specified width of 3111. 
The flow, speed and direction of traffic i s  

controlled by the design of the junctions and road 
surfaces. The design, of course, differs completely in 
the case of Curbside bus Lane and Central Bus 
Lanes options. 
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Jirrci-Aec troll \vrtli Cirrb-srcle Bus Lune. 
411 extra bay is provided for right 

The bus lane before and after the 
j 11 n c t 1 on are streaiil 1 i ii ed . 

tLllnIng traffic at Junction. 
* 

The M I 11 I m 11111 1 eft turni ng radius according 
to \\ hich the curve of tlie intersection is plotted is 
('t) In  case of buses not t iming left : 7.5111 with a 
sloped leeway of 1.5111 for larger vehicles, (b) In 
case of buses tui-ning left 14111. with a sloped 
Icenay of 1 5iii This case specific designing 
allo\i s l'oi- control of left-turning speeds thus 
cnsuriiig safety and the spccd transition between ail 
arterial m d  1-esidential road 

lii~c~rscctioii with Cei~trol Bus Lane : 
Three lanes - straight, left-turning and right-turning 
are pi'o\'ided for the vehicles before the 
intersection and only one after it due to dispersal of 
ti-afl'ic. However tlie single lane after the 
intersection is 4.5111. wide to allow for ixxessary 
lee\vay. The central bus stretch becomes 3 - h ~  
wide belbre the junction to allow for a left-turning 
lane. 
'I'hc bus lane before and after the junction are 
stream lined. 
l'lic Minimum left timing radius according to 
which the curve of the intersection is plotted is 
7.5111 with a sloped leeway of 1.5111 for larger 
\,chicles. This case specific designing allows for 
control ol' left-turning speeds thus ensuring safety 
and  the speed transition between an arterial aiid 
res i ci e 11 1 i a I 1-0 ad. 

Interchange should be close to their users. Bus iiiid 

paratransit stops should be near to residences to 
iiiiii i 111 i ze w a1 I< i ng distance, and major 
interchaiiges shoiild have direct pedestrian links 
segregated from motorized traffic. 
Public transport routes should generally follow 
main traffic routes and boardiiig points should be 
adjacent to and beyond intersections and linl<ed 
with other parts of tlie general traffic network - 
particularly footpaths. Measures should be taken to 
remove cyclist fi-om the main carriageway, cause 
they prevent the buses from parking close to the 
bus stops or interchange points. 
Bus and paratransit stops should be placed at 
points where pedestrian routes to and from major 
geiierators converge (example: major commei-cial, 
iiistitutioiial centres or next to major intersections). 
Avoid locations where road safety or congestion 
problems are likely. 
Wherever possible public transport vehicles should 
be provided with clearly marked passenger picl\: LIP 

points or bus stops, preferably off the main 
carriageway (i.e. bus stops should pi-eferably be 
located on a lay by. 
Lay-bys should be positioned on straight, IcvcI 
sections of road and should be visiblc fiom a yood 
distance i n  both directions. 
Access to a lay-by should be convenient a n d  sal'c 
for both, vehicles and pedestrians. 
Advance wai-iiing sigiis should be erected to alcrt 
the drivers of the approach to lay-bys and ,  the 
possible presence of pedestrians ahead. 
Special facilities should be used in order to give 
greater priority to buses and hence to make public 
ti-ansport more attractive to potential passengers. 
These generally set aside a portion of the road for 
the exclusive use of buses, where they can 
m:tintain reasonable speeds or reach the head of 
tlie queues at intersections 
If buses stop on the opposite side of the same road, 
stops should be located tail to tail as these are 
S. <I l'-- LI. Pedestrians will tend to cross behind the 
buses where approaching vehicles on the same side 
of the road caii see them more carehlly. 
13us stops should be located beyond pedestrian 
crossings and after inlei-sections to avoid stopped 
vc 11 i c I es mask i ng p edes t I-i an aiid other crossing 
act i v i t i cs. 
Bus Stops should be placed such, around an 
iiiterscction, so that the walking distance from the 
crossing reduces for the commuters. The walltable 
distance in each direction caii be reduced to as low 
;is 5Om.'s by I-eiiioving all free left turiis and 
placing the bus stops after the crossing (in each 
direction of traffic flow). 
C 'riierici, fbr liedesigii iiig Birs Stops 
RilS stops have 2.8 111 wide bus bay, 2.5 111 wide 
bus stop and 1 ni Lvide foot path. 
I iawkers have been provided space at the bus stop 
to minimize disturbance to the regular flow of 
pdcstrian and cyclist traffic. 
I he cyclc track is diverted behind the bus stop in a 
sentle hi-izontal curve to reduce conflicts of 
cyclists with buses. This diverted path is raised to 
the footpath level and can be used by pedestrians 
too hence is widened from 2.5 in to 3 111. 

,~ 

CAPACITY ESTIMATES. 
If a separate segregated lane is constructed for 
bicycles, the curbside lane, which is currently used 
by bicyclists will become available to motorised 
traffic This relatively small investment in bicycle 
Imes can iiicrease the road space for inotorised 
traffic by 50 percent on 3 lane roads. Bicycle lanes 
also result 111 better space utilisation. For instance 
a 3 5111 lane has a cai-rying capacity of 1,800 cars 
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Iicr lioiir whereas i t  can carry 5,400 bicycles per 
hou?. Average occupancy of a car is 1.15 persons 
'and bicycle carries one person. This implies that 
in ordcr to inove the same number of people we 
would need 2.6 times the road area that would be 
rcquircd for bicyclists. Given the fact that there is 
not iiiucli space available to expand existing roads, 
tlic future inobility needs and projectcd trips can 
only be met by increasing the capacity oftlie 
existing road network. This can only be achieved 
by encouraging modes, wich are more efficient in 
terms of space untilisation. 

__ 
Bus=40 
lExclusiveCycle EXCIUSIVB 

l /Track cycle track 
and HCBS 

1614.6 1614.6 
3634.4 3634.4 
12960 25920 

799.04 799.04 , TSR 
I Total 19008.04 31968.04 

- 

"2 

Most ofthe major corridors in Dcllii are 6 
lane divided carriageways. We liave estimarcd the 
capacity o f a  6 lane divided carriageway in tlic 
peak direction. Various combinations of modal 
shares and road space assignments were coniparcd 
to evaluate their impact on the road capacity. 
Following options were considered. 
Base casc(Mixed Ii-uflc). The existing road spacc 
utilization pattern was  taken as the base case. 
Capacity o f a  typical 6-lane corridor in Delhi 
corridor in persons per hour is estimated 011 thc 
basis of average occupancy o f  each vehicle (Table 
3). 

Bus=60 
ExclusiveCycle Exclusive 

Track cycle track 
and HCBS 

1614.6 1614.6 
3634.4 3634.4 
19440 36880 

799.04 799.04 
25488.04 44928.04 

'Iitblc 3: Capnril? Erliniillian iii di l lermt  sc~narle 

1 Current mixed traffic is Observed modal shares on Delhi Steels. 
2 Cycle track provided Scenario includes exclusive cycle track for bicycles where max. 

4500 bicycles can Iravei. 
Space occupied by 338 bicycles in the mixed scenario becomes available for other vehicles. 
This is equiaient to 338x112 = 169 cars = 16912.2 = 76.6 buses. Since bicycles share the lefl 
Side lane with buses, therefore bicycle space is given to 76 additional buses. 
However. the maximum capacily of this lane as per IRC standard is 1800 PCU or 
180013.7;: 486 buses. If we replace 338 bicycles with additional 76 buses then the existing 
level of congestion and speeds will be maintained. 

Along with existing number of vehicles on the road gives the total capacity of the corridor. 
3 Cycle track filled to capacity - 4500 bicycles.and left lane filled to capacity by buses - 486 buses 

I 

I 
I I I I - 19000/ 32000/ 250001 45000 
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Declicnrerl cycle Ime. The right-or-way on a 6- 
lane carriageway is reallocated to provide for a 
separate 2.5-3 111 wide bicycle track. The exclusive 
bicycle track can carry 4500 bicyclcs per hour. 
This still leaves enougli space for six lanes 011 the 
main carriageway. All the lanes of tlie main 
carriageway are used by all motorised nioctes. 11' 
the space released by exclusive bicycle track 
(equivalent of 338 bicycles - 169 PCU-70 buses 
as per Table 3) is used by additional 76 buses the 
congestion level and coiridor speed \vill not 11xve 
significant changes. Table 7 shows increasc in  
corridor capacity from 16000 to 19000. Numbei- 
of bicycles and other vehicles reniain same ;is thc 
base case. Buses increase by 76 additional 
vehicles. 
Dedicated bicycle luue ntid liigli ciilicic~i~j; his 
system (HCBS). A dedicated lane is pro~idcd hi- 
bicycles and tlie curbside lane is excltrsively 
reserved for buses operating as HCBS. Other i\i o 
lanes are used by all other motorized tidfic. A 
dedicated 3 in wide bicycle lane can carry 4500 
bicycles ( niaxiinum capacity of an Lirban lane is 
1800 PCU - 4500 bicycles ). Exclusive bicyclc 
lane releases space on left most lane for biises. 
Therefore the niaximiim capacity of the left most 
lane is 1800 PCU - 486 buses (Table 3). 

that with tlie corridor capacity mcasured in terms 
of persons/ hour i n  existing patterns of mixed 
traffic, capacity can be improved by 19?4 by 
providing exclusive bicycle tracks. I f  tlic bus 
occupancy is taken as 80 persons/biis then 33% 
improvement in capacity can be realised by  
providing exclusive bicycle tracks. Not only does 
extra space 011 tlie main carriageway bccomc 
available to other modes, tlie dedicated bicyclc 
track also provides a higher capacity for bicyclists. 
Provision of exclusive bicycle track also provides 
an oppurtuiiity to develop left lane as a11 excliisivc 
bus lane. Table 4shows 88% improvement in 
capacity fro111 16000(40 persondbus) and 
?6000( 80 personshus) to 30000 persons and 
49000 pei-sons respectively. This is achieved by 
running 486 buses in the exclusive bus lane and 
4500 cycles in  the exclusive cycle lane. 

Table 4 shows capacity of the main 
carriageway( three lanes used by motorised 
vehicles). This does not include capacity provided 
by tlie cycle track. Corridor capacity improves by 
19-23(% by providing exclusive cycle track. 
However, iitilizing tlie fill1 capacity of the corridor 
i.e. provision of high capacity bus system in the 
left most lane can lead to capacity improvcment 

The results of the capacity estimation show 

by 56-73%. 

It is clear that, if Delhi and other similar 
cities can have major iniproveinent in  public 
transport capacity if facilities for non-motorizcti 
transport are considered as an integral par1 of a 
programme to enhance road capacity. Not only are 
lanes designed for bicycle traffic less expensive to 
build than roadways, but they also will divert 
pedestrians and slow -mov i ng veh i c 1 es fi-o in t IIC 
roadway, increasing the efficiency of car and bus 
transport. 
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ABSTRACT: The paper presents transport demand management p r o g r ~ e s  in devefoped countries as a way 
forward to tackle growth in car use and car dependency and the scope, if any, for the development of such 
programmes in developing countries. It also presents an overview of how car-clubs are progressing in Europe 
and focuses on a car-share programme ‘Programa Transporte Solidhirio’ being developed in the city of SBo 
Paulo, Brazil, as an attempt to reduce car dependency, ease congestion and ultimately to improve air quality. 

&SUME: Cet article prCsente des programmes de gestion de la demande de transport r6alisCs dans les pays 
developpes qui visent a rkduire fa croissance de l’usage du vdhicule particulier et sa dCpendance, afin de 
developper des programmes similaires dans les pays en voie de dCveloppement. I1 comprend un aperp  de 
comment le ‘car-clubs’ a progresse en Europe et se centre sur le programme de co-voiturage ‘Programa de 
Transporte Sotidkio’ qui a 6ti: developpe dans la ville de Sao Paulo au Brdsil, qui tente de rdduire la 
ddpendence de la voiture, la congestion et finalement amkliorer la qualiti: de l’air. 

~ S U M E N :  Este articulo presenta programas de gestion de fa demanda de trans~orte realizados en paises 
desarrollados para reducir el crecimiento del us0 del coche y la dependencia del mismo, a fin de desarrollar 
programas similares en paises en vias de desarrollo. Integra un enfoque sobre como el ‘car-clubs’ ha 
~vo~ucionado en Europa y se centra en ef programa de coche compartido, desarrollado en la cuidad de Sao 
Paulo, Brazil - ‘Programa Transporte Solidkio’ - que intenta reducir la dependencia del coche, la congestion 
y finalmente rnejorar la calidad del aire. 

1 I ~ T R O ~ U C T I O N  

The negative effects of  transport such as 
congestion, pollution, high accident rates, noise, 
delays, health hazards are most felt in urban areas. 
Increasingly peak hours are expanding and in some 
cities inter-peak periods are ceasing to exist. This is 
mostly the case of Siio Paulo, Brazil, where car 
ownership Ievels are comparable to those in 
developed countries (476 vehicles per 1,000 people) 
and are still at increase. Modal share is also high 
favouring car journeys - 26.2% of all trips are made 
by car including walking journeys and if only 
motorised modes are considered the car accounts for 
4 1.1. % of all trips (CET, 1997). 

Car use/dependency must be reviewed. 
Innovative transport demand management 
approaches must be devefoped not only to 
discourage cars’ indiscriminate use but also to 
encourage alternative modes of transport and a more 
efficiently use of private cars and the road network. 

The car will afways pfay a key role in modern 
societies, people’s mobility and in fulfilling their 
travel needs. 

Several strategies aiming at reducing car use and 
car dependency have already been implemented in 
both developed and developing countries. Most of 
the well k n o w  comprise a combination o f  
pedestrianization of central areas in cities and towns, 
improvements in public transport, improvements for 
cyclists, traffic management, traffic calming, etc. Of 
special interest to this paper are the examples of 
traffic ban strategies already attempted in Rome, 
Athens, Mexico City and most recently in SZio Paulo. 
What lessons were learned, if any, from these 
experiences? What benefits, if any, resulted from 
such schemes? 

The authors believe that the magnitude of the 
problem is very complex and that there is no single 
solution to high car dependency, congestion and 
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pollution in such cities as Sgo Paulo, Rio de Janeiro, 
Buenos Aires, Mexico City as in many others that 
still grow at a fast pace. A combination of different 
strategies and measures, especially at the demand 
side, will eventually avoid these problems 
aggravating and, may well slow down the rate at 
which traffic is steadily increasing. 

Transport demand management has become a 
common approach in transport planning in 
developed countries. Both, the US and many 
European countries have a wide experience in 
Transport Demand Management (TDM) and 
Mobility Management (MM) programmes with great 
rate of success in reducing car dependency, thus 
congestion and pollution. It has also become clear 
that the way forward to plan transport is no longer 
tackling the supply side but demand. Transport 
demand management will definitely play a key role 
in shaping traffic and transport in developing 
country metropolises. Brazil for instance, had a fleet 
of 1 million vehicles in 1958, 25 million in 1998 and 
it is estimated that in 2010 this figure will rise to 50 
million vehicles, Where and how will these 
vehicles circulate? Average journey speeds for 
motorized individual traffic are already almost down 
to those of pedestrians. 

This paper will look at some European initiatives, 
mainly ‘car-club’ schemes and will present a very 
interesting and innovative experience in the city of 
SZo Paulo, where a ‘car-share’ programme scheme 
has been initiated. 

2 THE EUROPEAN MODEL - MOBILITY 
MANAGEMENT 

Many developments have been flourished in 
Europe in recent years to tackle car dependency. In 
the UK as in most EU member states, it is clear that 
the way forward is to tackle (transport) demand and 
no longer (transport) supply, including road building 
and infrastructure. The more roads are built, the 
more traffic will be generated and more roads will be 
necessary to be built - an endless cycle that needs to 
be broken. 

Mobility management has been recently defined 
by two major projects funded by the European 
Commission as being ‘primarily a demand oriented 
approach to passenger and freight transport that 
involves new partnerships and a set of tools to 
support and encourage changes of attitude and 
behaviour towards sustainable modes of transport’. 
These tools are usually (but not solely) based on 

information, communication, organisation and co- 
ordination (MOMENTUMhIOSAIC, 1999). 

Mobility management also advocates that the 
programmes should be ‘voluntary’ based as far as 
possible. Mobility management introduces many 
incentives to ‘persuade’ modal shift from the car to 
other modes of transport and it is being developed 
and promoted differently within member states in 
Europe ( C h a r a ,  1999). These may include: 

0 strategies led by employers to discourage car 
commuting and business trips (e.g. Green Transport 
Plans in the UK); 

new working practices such as ‘teleworking’; 
0 ‘car-club’ initiatives promoting car sharing 
programmes (Switzerland, Germany and Holland 
and mostly recently in the UK); 
0 setting up mobility centres to provide 
information and consultancy on transport 
alternatives (e.g. Graz, Coimbra, Bologna, Munster, 
Wuppertal); 
0 new legislation on the environment - carbon 
monoxide tax and other decrees (Italy); 
0 fiscal incentives to promote alternatives to the car 
(Holland, Belgium and most recently the UK); and 
0 promotion of cycling and walking as well as 
public transport. 

Car sharing schemes are detailed below as the 
paper focuses on a ‘car share’ programme being 
developed in the city of SZo Paulo, Brazil, known as 
Programa Transporte Solidario. 

2. I Car sharing/car clubs 

In Britain the term ‘car sharing’ has been often 
understood as one driver giving lifts to others, 
usually to and from a workplace. This is being now 
called ‘ride sharing’. In continental Europe ‘car 
sharing’ refers to clubs and schemes, often with 
hundreds or even thousands of member-drivers, who 
use (share) a number of cars individually for all sorts 
of private and business journeys. In simple terms, 
‘car-clubs’ is a convenient form of short-term car 
hire that enables its members to use a car without 
actually owning one. The aim is to provide access to 
a car when walking, cycling and/or public transport 
are not viable alternatives. 

It is argued that cars usually sit in garages, 
parking designated areas and streets for most of their 
lifetime. In Holland it was found that this figure 
mounts to 23 hours a day, on average. This is not a 
very efficient or economic use of the car neither of 
the land. In addition, owning a car is a costly 
business. Car clubs are initiatives well known in 
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Europe, in which vehicles can be shared by up to 20 
households in a neighbourhood. The concept of 
‘car-clubs’ seeks to divorce car use from car 
ownership to improve car utilisation rate and 
ultimately to reduce over dependence on the car as a 
means of transport. Therefore its use becomes 
hugely maximised and trips are carefully planned in 
advanced, so unnecessary trips are not undertaken 
and significant car miles are saved. 

Switzerland now has a single ‘car sharing’ 
organisation called Mobility, which has over 25,000 
members who share 1,200 vehicles throughout the 
country. Mobility is expected to double its 
membership to 50,000 within the next 12 to 18 
months. A 1995 survey of Swiss car sharers found 
that for every 5 people who joined the club one gives 
up their car, accounting savings of 28,000 car miles. 
Switzerland’s good quality public transport system 
has played a vital role in encouraging drivers to 
decide to become Mobility members. 

The German Club, StattAuto, in Berlin, has now 
more than 5,000 members and about 150 vehicles 
around the city. StattAuto membership is cheaper 
than running a private car for those driving less than 
6,000 miles a year. Research has found that as 
people get used to being members of StattAuto, their 
’travel awareness’ increases and they drive fewer 
miles. Before joining StattAuto, members were 
travelling an average of 5,425 miledyear by car and 
after joining this figure dropped to an average of 
2,560 miledyear in StattAutos and other cars - a 
reduction of 53%. This reduction in car use led to a 
28% increase in walking and cycling and a 35% 
increase public transport use. 

The advantages of ‘car-clubs’ are many fold, 
they: 

allow people to use cars without necessarily 
owning one; 

allow users access to cars for short periods from 
convenient neighbourhood or workplace locations; 

encourage combining the use of other means of 
transport, including walking, cycling and taxis and 
so help the environment both locally and globally; 
o are already successful in several European 
countries and are growing significantly every year. 

Members and the community alike benefit from 
Car Clubs schemes: 

o 

e 

time; 
e 

where the members live; 

access to a range of vehicles at reasonable rates; 
cars can be hired for as little as one hour at a 

the cars are based within walking distance of 

payments for car use are spread over the year; 
0 none of the hassle that goes with buying and 
selling cars privately; 
0 servicing, repairs, and maintenance are the club’s 
responsibility; 
e improved health through more walking and 
cycling; 
e better air quality and less noise pollution, 
enhancing overall quality of life for all. 

Some key questions often asked are: 

How does the club work? 
Through a membership fee anyone can become a 

member of these clubs. Membership fees vary from 
country to country. 

What does the club offer to its members? 
The club offers its members a wide range of 

vehicles, available through a 24-hour booking 
system, vehicle’s insurance, maintenance and 
repairs. 

Who should become a member? 
Anyone who drives less than 10,000 km is better 

off becoming a member of such schemes. As well as 
anyone concerned with their and the community’s 
environment and health. Finally those who want to 
reduce their car mileage and dependency. 

The European schemes have demonstrated that 
significant environmental benefits can be derived 
from city car clubs, including lower individual car 
mileage, higher vehicle occupancy rates, and a 
significant modal shift to ‘greener’ transport modes 
(Armitage, 1999). Car clubs can really help reduce 
congestion and air pollution, whilst at the same time 
improving energy efficiency. Would such schemes 
be a viable option in developing countries to 
alleviate traffic congestion and relieve pollution? 

3 THE BRAZILIAN EXPERIENCE - THE CAR 
SHARE PROGRAMME IN S A 0  PAUL0 

SZo Paulo is the biggest city in Brazil. It has a 
population of nearly 11 million inhabitants, its 
metropolitan region nearly 17 million, while the 
State of SZo Paulo 32 million. The city has a fleet of 
4.7 million vehicles, of which 3.8 million are private 
cars. Car ownership levels are very high - 2.18 
people per vehicle - comparable to those in 
developed countries. Due to this number of 
vehicles, congestion is part of SBo Paulo’s life 
besides air pollution, air quality is very poor. 
Individual car trips are the most inefficient way of 
using cars. 
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Consequently, SBo Paulo’s metropolitan area 
population has been constantly exposed to high 
levels of congestion and air pollution, mainly during 
the winter (from May to September). Health 
statistics show an alarming situation. In the winter 
mortality caused by heart and lung diseases increases 
by 13% among children and the elderly. Between 
1990-1991 lung diseases accounted for 36% of all 
deaths among children under the age of five years 
old. 

Therefore, it is crucial to set up policies to reduce 
and keep air pollution in the city of SBo Paulo at 
lower levels and at a later stage to apply a similar 
approach to other fast growing cities within the State 
of Silo Paulo. 

One of the major priorities in the municipality is 
to implement a strategy to reduce and keep pollution 
caused by urban traffic at lower levels. Although 
budget is limited the municipality is working very 
hard, trying to find solutions envisaging benefits to 
the community, in both short and long terms. 

In the 1970s due to the oil crisis Brazil adopted 
some strategies to tackle the lack of petrol supply. 
The main ones were rationing the times when petrol 
stations were opened (including closing them down 
on Sundays), price mechanisms (constant increases 
of petrol prices) and also promotion of ‘car sharing’ 
schemes, similarly to the ones being developed now, 
but these mainly addressed commuting trips. In 
addition to public campaigns urging people to travel 
less by car andor to use their cars more efficiently 
and wisely. 

More recently two ‘demand management’ 
experiences took place in the city of SBo Paulo. The 
first one being car access restriction strategies - 
Rodizio, similar to the one in Athens, Daktilos, in 
the eighties; the Rome Targhe Alternative (1 993) 
and the Mexico City, Hoy no Circula (No Driving 
Day) from the late 1970s (Macedo, 1998). 

In 1997, the State Secretariat for the Environment 
of SBo Paulo (the regional authority SMA) 
implemented a car ban strategy, lasting from May to 
September aimed at air pollution reduction due to 
vehicle emissions during the winter period. In 
October of the same year, the city of Siio Paulo 
introduced a permanent peak hour car ban scheme, 
according to number plates endings, aiming at 
reducing congestion in the city of SBo Paulo 
(Macedo, op.cit). 

The second demand management strategy, 
developed to support the ‘Opera@o Rodizio’ is the 

pioneering Car Share Programme called ‘Programa 
Transporte Solidhrio’. Unlike the European 
schemes, the programme in SBo Paulo is more like a 
‘ride share’ scheme that means, people sharing the 
use of their private cars with others. The aim of 
such programme is to encourage ‘shared’ 
transportation among people who travel to the same 
destination, such as the same school, work in the 
same place or area, andor live in de same 
neighbourhood. 

This programme suggests that if more people 
travel together in the same vehicle they will be 
contributing to reduce the number of vehicles in the 
streets, save fuel, reduce pollution and less car 
parking spaces at the destination will be required. 
These gains will benefit both, the individual and the 
community as a whole, and will eventually lead to a 
change of attitude and behaviour with regard to the 
use of the automobile and its dependency. 

The Programme started in 1996, when its first 
software was developed and made available at no 
cost to those interested in taking part in the scheme. 
The programme allowed the registration of people in 
the same community who might wish to join the 
‘car-share’ schemes. It crossed data such as 
journeys itineraries, destination and hours at which 
the journeys would take place in an attempt to find 
compatible routes and potential ride ‘sharers’. The 
software also provided description of passengers’ 
profiles in details such as whether they were 
smokers or non-smokers, gender, their hobbies, etc. 
Each registered person was given a list containing all 
this information of potential ride matchers. It was 
up to each of them individually to organise their 
travelling arrangements in carpools, with the 
advantage of sharing the burden of driving, parking 
the vehicle and all the costs involved for any 
particular ‘shared’ journeys they might make. 

This first version of the car-share programme 
software aimed initially at enterprises and it was 
distributed amongst nearly 1,300 organisations of 
both the private and the public sectors, including 
independent and state schools, local authorities. 
shopping centres and housing estates. Although 
results from a follow-up telephone survey with 20% 
of such organisations suggested that 99% of the 
interviewed supported the idea of the car share 
project, in reality the take-up was not satisfactory. 
The reasons being lack of better publicity and 
marketing among the communities, some 
compatibility problems were identified, for example, 
the software was not compatible to schools and 
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individuals, not enough time since the programme 
launch among others. 

In 1997 the software was updated taking into 
account the problems identified in the first version. 
Thus it was developed aiming at three distinct target 
groups, enterprises, schools and housing estates. In 
addition to that, it was produced in two formats, disk 
and CD-ROM. In parallel a marketing campaign 
was launched to promote and disseminate the 
concepts of the ‘car-share’ programme. This 
included, publishing the application form for the 
software in a national newspaper with a readership 
of over 1.2 million, launching the CD-ROM of the 
campaign ‘Breath Silo Paulo - Car Share’ (‘Respira 
Siio Paulo-Transporte Solidario’). Several talks and 
presentations were also held culminating in a 
distribution of more than 10.000 copies of the 
software in 1997 to institutions all over the country 
and a kit which included a poster, a ‘T’ shirt and 
further dissemination material. The types of 
organisations who requested the software included 
private enterprises, schools, local authorities, 
hospitals, housing estates, banks, trade unions etc. 

So far 13.000 copies of the software have been 
distributed, of which 34% to the city of Siio Paulo, 
33% to the rest of the state of Siio Paulo and 23% to 
other states in Brazil and some to Argentina and 
Paraguay. These requests were made mostly by 
enterprises (44%), schools (22%), housing estates 
(1 5%) and unions (1 0%). 

The total cost of the programme was US$537.000 
of which one fifth was paid by CETESBBMA while 
the remaining four fifths through sponsorship. It 
covered the production of the second version of the 
software (25.000 copies were produced at a total cost 
of US$35.000); the CD-ROM cost US$32.000. The 
most expensive item was the distribution of the 
promotional material and of the software 
(US$354.000) totally paid by F6lha de Siio Paulo 
newspaper, one of the main sponsors of the 
programme. Other less expensive items included 
promotional events and the production of 15.000 
posters. Finally the first version of the software was 
totally produced (and financed) by the CETESB 
programming team. 

In 1997 a survey among those individuals and 
institutions that had received the software was 
planned for 1998. However the surveys did not go 
ahead for funding and sponsorship problems. As a 
result of that the team involved in the programme 
was reduced. 

Some car-share pilot projects were, however, 
started at main traffic generation points in the city 
and elsewhere. The sites were selected on the 
grounds of their previous interest in receiving a copy 
of the car-share programme software. 

The first pilot project was carried out at the Siio 
Paulo University Campus, which attracts over 
59.000 people including lecturers, members of staff 
and students. The initial plan was to involve the 
whole community and to promote the programme 
with posters, banners and leaflets and finally to 
establish strategic points for the distribution of the 
software. Unfortunately the director of the 
university left and the new one plus his team delayed 
the process of implementing the project and did not 
comply to the commitments of the previous director. 
The project was not successfLI1, for lack of support 
within the organisation and the only 130 students 
who enrolled in the programme did not own a car. 
In addition buses are not allowed in the campus 
neither vans making it even more difficult any car 
reduction scheme to succeed. 

The second pilot took place in the city of Siio 
Paulo in an area which houses several enterprises 
and employs over 7.000 people, including CETESB, 
known as ‘Quadrilatero’, of which 1.638 enrolled to 
take part in the ‘car-share’ scheme. Successfully 
208 of these (13%) in fact started sharing their cars 
with others. The riding share arrangements took 
different forms. Some shared their car every second 
day (probably due to the car ban restrictions). 
Others left their cars home and chartered a bus. 
Some car shared on a regular basis thus shared the 
running costs of the vehicles while others car-shared 
only on the days they were not allowed driving their 
cars into town due to the ‘Rodizio’ and finally few 
‘car shared’ on an occasional basis. 

For the third pilot in the city of Rio Claro, in S5o 
Paulo State, the software was updated to cater for 
postal code discrepancies. In Rio Claro the project 
intended to promote car share and bicycle. 
Unfortunately the project was not successful for 
political and administrative reasons. The transport 
team at the city council was developing totally 
opposite strategies to those advocated by the ‘car- 
share’ programme and they were instead expanding 
car parking in the city centre and removing existing 
cycle lanes. 

4 CONCLUSIONS 

It is clear that transport demand management 
strategies are the only way forward to tackle traffic 
growth and its negative impacts such as congestion, 
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pollution, delays, high noise levels exposure in order 
to improve life quality in our cities and the health of 
its inhabitants. 

Europe has shown that mobility management 
strategies can be a very successful tool in tackling 
such problems, by encouraging alternative modes of 
transport to the ‘solo’ driving. In addition to public 
transport, cycling, walking and teleworking, another 
innovative alternative is ‘car-sharing’ or ‘car-clubs’ 
programmes. Such schemes are flourishing at rapid 
pace in Europe and practice has shown that 
significant environmental benefits can be achieved, 
such as car mileage reduction, higher vehicle 
occupancy rates and modal shift to ‘greener’ 
alternatives. 

In Brazil the first attempts in travel demand 
management dates from the 1970’s due to the oil 
crisis. In the 1990’s the city of S5o Paulo launched 
two major transport demand management schemes, 
the ‘Rodizio’ car ban restriction programme and a 
pilot ‘car-sharing’ programme. 

Unfortunately the ‘car-share’ programme - 
Programa Transporte Solidhrio - has not been as 
successful as it could have been anticipated. The 
main reasons being the lack of funding to continue 
the work started, plus the fact that in 1998 there were 
elections in the State of SGo Paulo culminating in the 
change of all those in key decision making posts. In 
1999 the new elected team reassessed the on-going 
projects and tried to adjust them to new guidelines 
and to the new budget. The team responsible for the 
car-share programme is still working internally and 
arguing the importance to continue to develop it 
even further. The team is working on its year 2000 
version and is preparing a new budget for the 
programme as well as trying to identify the reason 
for its poor performance in its previous versions. 

As a matter of fact it became clear that some of 
the current ‘car-sharers’ are taking part in the 
scheme on the days they are banned of driving their 
cars. Thus it is clear that the two programmes - the 
car ban strategy and the ‘car-share’ can complement 
each other really well. Maybe the 2000 version 
should highlight the ‘car-share’ as a viable 
alternative to the car on days people are not allowed 
to drive their cars into town due to the ‘Rodizio’. 

Other reason for the poor performance of the 
Programa Transporte Solidirio in Siio Paulo may 
well have been cultural factors that can act as 
barriers in such programmes. The UK for instance is 

legging behind in Europe in car sharing 
programmes, car-clubs and vanpool schemes for this 
same reason. 

These poor results observed in the Transporte 
Solidario Programme should not discourage the city 
of SGo Paulo to continue to pursue demand 
management strategies to tackle traffic congestion 
and pollution such as their ‘car-share’ programme 
neither should discourage other cities to follow Siio 
Paulo’s programme example. 

Maybe the next step of the car-share programme 
in Silo Paulo should be to undertake a qualitative 
survey with those 208 from the ‘Quadrilatero’ who 
are currently ‘car-sharing’. This would allow 
learning from their practical experiences of ‘car- 
sharing’, for what trip purposes they share their 
journeys, how they feel about it, what the main 
benefits or constraints of ‘car sharing’ are and finally 
what it could be done to improve future programmes 
even further and gain more adepts. 

Sooner or later politicians will realise that the 
only plausible way to tackle transport growth is by 
managing current (transport) demand and supply 
more efficiently and effectively. The population 
must also realise that they have their part to play in 
this process. ‘Car-sharing’ can be a good travel 
alternative to the ‘solo’ driver and a very effective 
and efficient way to move around cities. 

Although ‘car-sharing’ schemes or ‘car clubs’ are 
not the only solution to traffic congestion or 
pollution, they can be one of the several possible 
solutions to minimise their impacts due to the 
increase in both, car ownership levels and car use, 
and ultimately its high dependency. In Europe such 
programmes have shown that they can be part of the 
solution and to contribute to enhance the quality of 
life and the health of individuals/communities alike. 
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Is it worth while organizing the taxi drivers from the Federal District of Mexico? 
Est-ce qu’il vaut la peine d’organiser les chauffeurs de taxi du District Federal du Mexico? 
&Vale la pena organizar a 10s choferes de taxi del Distrito Federal de Mexico? 
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Universidad Nacional Autdnorna de Mixico, Mexico 

ABSTRACT: The analysis that is developed in this paper make emphasis to the human part involve at the 
transport service. To talk about of improvement at the work condition of drivers in public transport it is a 
taboo; but we have to face up and to accept that this human part not only have obligations, but it have too to 
enjoy the right that going more than an stupendous income. The taxis from the Federal District of Mexico are 
located at the firs place of pollution from the point of view of number of travel made and number of people 
transported. In this paper, I present my humble answer to this problem. 

&SUMI?: L’analyse qu’on developpe dans cette contribution fait attention a la part humain implique dans le 
service de transpoi-t. Parler a propos 1’ainClioration des conditions du travail des chauffeurs du transport publi- 
que de passagers, c’est tout un tabou; inais il faut leur faire face et il faut reconnaitre que ce partie huinain n’a 
pas seulement des obligations, mais aussi elle doit jouir des droits qui doivent aller plus loin d’un excellent sa- 
laire. Les taxis aux District FCdCral du MCxico occupent la premikre place dans la pollution cosiderCe du point 
de vue de noinbre de voyages effectuC et nombre des personne transpoi-tke. Cette contribution c’est a mon 
humble avis une possibilitk de solution. 

RESUMEN: El analisis que se desarrolla en la presente ponencia hace Cnfasis en la parte humana impiicada 
en el servicio de transpoi-te. Hablar de mejoras en las condiciones laborales de 10s choferes del transporte 
piiblico de pasajeros, es todo un tablli; pero debemos enfrentarlos y reconocer que esta parte humana no solo 
tiene obligaciones, sino tambiCn debe de gozar de derechos que vayan mas alla de un estupendo sueldo. Los 
taxis en el Distrito Federal de MCxico ocupan el primer lugar en contaminaci6n ambiental considerado desde 
el punto de vista de numero de viajes efectuados y nlliniero de personas transportadas. Esta es mi hurnilde 
contribucibn para su solucion. 

Nos encontrainos en una Cpoca en que el autoempleo 
tieiie un peso impoi-tante en nuestra economia. El 
sector transpoi-te no es la excepcion, mas blen a1 
contrario se trata del sector que en mayor inedida y 
con inayor antiguedad se ha beneficiado de la labor 
de personas que ofrecen sus seivicios a manera de 
autoempleo; y en menor medida se cuenta con 
servicios provenientes de empresas propiamente 
establecidas. 

Esto ha provocado que se tenga poca experiencia 
en la inanera correcta de manejar las relacioiies 
laborales con servidores del transporte. Asi mismo, 
%as experiencias con trabaj adores debidamente 
organizados en einpresas publicas o privadas, en este 
sector, han sido amargas, provocando en la 

actualidad gran apatia del tenia, eiitre autoridades, 
empresarios e incluso 10s mismos trabajadores. Tai 
es el caso del transporte publico de pasajeros en el 
Distrito Federal de Mexico. 

En ell presente trabajo se analiaa el sewicio de 
transporte publico individual caracterizado por !OS 

taxis. 
Existiendo una marcada tendencia a analizar 10s 

problemas del transporte desde el punto de vista del 
usuario y sus necesidades, o desde el punto de vista 
financier0 para la adquisicion y reposicion de las 
unidades del transpoi-te, incluidos 10s estudios de 
containinacion de las mismas y otros enfoques. Ha 
sido de especial interCS analizar este problenia 
enfocando la parte humana del transporte, el 
prestador direct0 del servicio, eT chofer dei taxi. 
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2 EL SERVICIO PUBLIC0 DE TAXIS. 

Los taxis como una forma de autoempleo. 

En la evolution de 10s medios de transporte publico, 
de acuerdo a Molinero Molinero & Sanchez Arella- 
no (1998), 10s taxis ocupan el tercer lugar, luego del 
peaton y del automovil particular. 

Sin embargo pese a su temprana aparicion entre 
10s medios de transporte publico, es dificil encontrar 
informacion sobre 10s mismos, la bibliografia exis- 
tente es reducida. 

El servicio de taxi, se ha caracterizado por ser un 
servicio particular que nunca ha sido llevado a cab0 
por una instancia gubernamental son una fuente de 
trabajo importante para aquellas personas que cuen- 
tan con un capital para invertir en una unidad facti- 
ble de convertirse en taxi, su placas, permisos nece- 
sarios para prestar el servicio publico de taxis, pago 
del seguro de responsabilidad civil, asi como el 
acondicionamiento del misnio en caso de ser nece- 
sario. Para fungir como conductor del taxi basta ob- 
tener Ia licencia-tarjeton expedida por la Secretaria 
de Transportes y Vialidad del Distrito Federal que 
cuenta con 10s requisitos de una licencia tipo B, con 
vigencia de un aiio y vhlida para coiiducir taxis libres 
y de sitio, patrullas, ambulancias y automotores de 
carga piiblica cuyo peso maxim0 no exceda de 35 to- 
neladas. Bajo tales condiciones es factible lograr 
autoemplearse. 

Esta forma de entrar a1 negocio de 10s taxis ha 
producido individualizacion y polarizacion en el ser- 
vicio; ya que cada propietario de taxi, 10 conduce, le 
da manteniiniento y limpieza ocupindose de 10s gas- 
tos que genere el negocio Ademas de proveerse asi 
rnismo las condiciones laborales que mas le conven- 
gan. 

En un inicio 10s propietarios de taxis preferian no 
exponer la unidad a probables accidentes por 10 que 
no solian rentar la unidad a un tercero para que la 
trabajara; per0 en la actualidad se ha proletarizado 
aiiipliamente el servicio. Asi existen perinisionarios 
que trabajan su unidad a la par que existen choferes 
que trabajan el vehiculo logrando una retribucion 
economica sin ser propietarios del vehiculo. 

Condiciones laborales de 10s choferes de taxi. 

Con el fin de analizar las coiidiciones laborales de 
10s choferes de taxi se entrevistaron a 43 choferes de 
taxi en distintos puntos del Distrito Federal. 

El 72% indic6 que solo trabaja el taxi sin ser 
dueiio. La inayoria de estos identifican a1 dueiio del 
taxi como el patron y solo una pequeiia proporcion 
10 identifican coin0 una persona que les alquila la 

unidad para trabajar. Se maneja el concept0 de 
cuenta, referido a una cantidad fija que se entrega a1 
dueiio del vehiculo por cada jornada laboral. 

El nimero de horas porjornada Laboral h e  supe- 
rior a 8 horas y hasta 16 horas para el 93% de 10s en- 
trevistados, siendo el valor modal 12 horas, 5 1%. 

El numero de afios realizando la labor de chofer 
de taxi h e  declarada entre 7 y 20 aiios para mas del 
50% de 10s entrevistados. 

El 70% de 10s entrevistados indico que en este 
trabajo no es posible toniar vacaciones, el 26% indi- 
CO poder tomar entre 2 y 8 dias de vacaciones al aiio 
y solo el 5% indic6 poder tomar 15 o mas dias de va- 
caciones. 

Respecto a1 servicio medico solo ei 23% indico 
asistir a servicios del seguro social debido a que go- 
zaban de dicho servicio por tener otro empleo o gra- 
cias a la cobertura a traves de alguli familiar. El 33% 
seiial6 la utilizacion de 10s servicios midicos de sa- 
lubridad o del gobierno y el 40% seiial6 ei uso de 
servicios mddicos privados. El resto seiiald que de- 
pendia de la urgencia, mencionando el us0 de la 
automedicacion. 

Respecto a sus datos personales, el 5 1 % seiialo su 
edad en el rango de 23 a 38 aiios, el rango restaiite se 
encontro entre 10s 39 y 63 aiios de edad. 

El maximo nivel de estudios para el 77% de 10s 
entrevistados fue priinaria o secundaria, uii 2% de- 
claro no tener estudios y el 2 l % declaro tener bachi- 
llerato o universidad. 

Siendo requisito para obtener la licencia-taFjeton 
el tomar un curso diseiiado especialmente para ellos, 
se les pregunto su opinion al respecto y se encsntro 
una amplia aceptacion ya que el 42% contest0 que el 
curso era bueno o muy bueno, 26% indico que era 
regular y un 16% seiialo que era malo, estos ultimos 
sin embargo seiialaron que era un buen curso para 
10s choferes de taxi principiantes. El restante 16% 
seiialo no haber toniado ningiin curso. 

3 ANALISIS DEL MARCO JURIDICO. 

El chofer de taxi es un trabajador. 

Las leyes y reglamentos existentes en materia de 
traiisporte publico, se abocan principalmente a re- 
gular a 10s usuarios, las concesiones para prestacion 
del servicio, la prestacion misma del servicio, 10s ve- 
hiculos, tarifas, verificacion y vigilancia, 

Desde un punto de vista laboral, solo se menciona 
la capacitacion y una serie de obligaciones referidas 
a la prestacion del servicio de transporte ofrecido. 

Respecto a las garaiitias otorgadas por la consti- 
tucion a traves del articulo 123 10s choferes de taxi 
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por las condiciones de trabajo, surgen 10s primeros 
intentos de conformar organizaciones sindicalies in- 
dependientes para luchar por sus derechos, pero 
hasta la fecha no han fructificado. El principal obs- 
taculo son las primeras agrupaciones creadas y 10s 
propios permisionarios que impiden cualquier inten- 
to de sindicalizacion, pues implicaria establecer un 
contrato que inermaria significativamente sus ganan- 
cias. 

Dadas estas dificultades, en mi particular punto 
de vista, vislumbro una solucion distinta. Si se con- 
sidera a 10s permisionarios o duefios del taxi, como 
simples alqyiladores de un iiiedio laboral, como ya 
10 einpiezan a seiialar 10s choferes mismos. 

Entonces lo que debe de realizarse es una organi- 
zacion de trabajadores, tal que en ellos mismos sea 
en quienes recaiga el interes por afiliarse a la segu- 
ridad social. Otra manera seria buscar medios para 
asegurarse a1 menos el acceso a servicios medicos 
particulares a traves de un gremio de choferes de 
taxi. Sin que esto 10s obligue a conformar una or- 
ganizacion empresarial o sindical que 10s coarte, 
sin0 nias bien que les permita continuar su labor de 
inanera independiente. 

Ejeniplos importantes de organizacion de trabaja- 
dores autonomos e independientes a la vez, 10s tene- 
inos en la misma ciudad. Tal es el caso de la Organi- 
zacion de Boceadores de Mexico, quienes a 10 largo 
de 10s aiios, han logrado proveerse de servicio me- 
dico particular, asi coin0 de crkditos para la adqui- 
sicion de vivienda, entre otros. Sin embargo cada 
uno de ellos desarrolla su labor productiva de mane- 
ra personal e independiente. 

Asi 10s trabajadores mexicanos que desarrollan su 
labor a manera de autoempleo merecen tambien ver- 
se favorecidos por 10s medios que proveen y fomen- 
tan el desarrollo social de 10s pueblos. 

El sector transporte tiene mucho que aprender a 
este respecto. Tanto permisionarios, coin0 choferes, 
usuarios y autoridades del transporte public0 deben 
beneficiares de una organizacion adecuada para unos 
y otros. 

Si se dice que el transporte es generador de pro- 
greso, este progreso debe alcanzar a todos y cada 
uno de 10s que intervienen en el proceso. 

4 BONDADES DE LA ORGANIZACI~N. 

fortaleciendo sus propias capacidades de atencion y 
solucibn de sus problemas comunes. 

Eogrando recuperar valores como el respeto, la 
tolerancia y la solidaridad entre ellos, hacia 10s per- 
misionarios, 10s usuarios y las autoridades. 

Podrian desarrollar sistemas de capacitacion en 
que 10s choferes con mas antigiiedad transmitieran 
sus conocimieiitos a 10s de nuevo ingress. 

Con 10 cual el usuario se veria beneficiado, pues 
se lograria otorgar un inejor servicio, con mayor cali- 
dad. 

La experiencia desarrollada por 10s radiotaxis, 
visluinbra que organizar a 10s taxistas en una o va- 
rias centralitas, lograria ordenar la circulacion ince- 
sante de taxis vacios en busca de cliente. Los viajes 
con clientes a bordo impactaria en una significante 
disminucion de la contarninacion ambiental derivada 
por 10s viajes sin clientes o en busca de ios mismos. 

Un buen servicio de taxis comite con el us0 del 
automovil particular por 10 que su optimizacion de- 
salelitaria el us0 continuo del automovil, a favor del 
us0 de taxi. 

Asi en 10 que respecta a 10s choferes de taxi, des- 
pei-tar en ellos el deseo de beneficiarse de las bonda- 
des de organizarse, impactaria en la reestructuracion 
del transporte. Disminuiria la existencia de taxis pi- 
rata o fuera de reglamento. Pues no es 10 mismo obe- 
decer por obligacion que obedecer porque se aspira a 
un bien. 

La situacion mencionada por Legorreta (1989) 
respecto a que las primeras organizaciones de taxis- 
tas se convii-tieron en asociaciones de permisiona- 
rios. Nos anticipan que el bienestar aconipaiia a toda 
organizacion. Un mejor servicio, produce bonanza 
en el empleo del mismo y repercute de manera direc- 
ta en la economia de sus integrantes. 

Esto es un reto para las autoridades correspon- 
dientes; quienes deben estar consciente de este hecho 
y pensar si el servicio de taxi debe de continuar suje- 
to a 5 unidades miixinias por permisionario. 

En cuyo caso se trata de un negocio en que a1 Ile- 
gar a un progreso de 5 unidades, con todo y la expe- 
riencia que este hecho les signifique, deben de estar 
dispuestos a dedicarse a otra cosa. Es decir es un 
extrafio negocio que tiene limites en un determinado 
punto de su desarrollo. El anhlisis de este problema 
no se realizo, per0 suena de gran inter& para un eco- 
nomista o un administrador, ya que dicho limite tie- 
ne que ver con el tema de 10s monopolios. 

Lograr organizar a 10s choferes de taxi, ya sea en una 
sola organizacion general, o en varias organizaciones 
con el mismo proposito; les proporcionaria, ademas 
de 10 expuesto en la seccion anterior, la oportunidad 
de aprender a relacionarse, a comunicarse y convivir, 
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5 CONCLUSION. 

Es inevitable el desarrollo de formas organiza- 
cionales para lograr mejorar la situacion en que Pa- 
boran 10s servidores del transporte. 

Para el caso de 10s choferes de taxi, lograr hacerlo 
es un sueiio largamente acariciado. Corresponde ai 
gobierno, a 10s permisionarios e incluso a la socie- 
dad misma el dar su voto aprobatorio para que este 
sueiio se lleve a cabo. 

Es inadmisible fingir que todo va bien. Conside- 
Far el desarrollo social de 10s trabajadores, es muy 
importante aun cuando se trate de trabajadores que 
no dependen de un patron sino mas bien hacen us0 
del autoempleo; el cual, ha sido altamente promo- 
vido a traves de diversas politicas de gobierno. 

Este debe de ser un trabajo en equipo. El Instituto 
Mexican0 del Seguro Social, no debe de quedarse 
tranquil0 expresando tan solo que ya cuenta con el 
seguro voluntario y esperar sentado la llegada de 10s 
clientes. La iniciativa privada debe sentir que esta es 
una invitacion para participar en el proceso de ofre- 
cimiento de soluciones a este sector de la poblacion. 
Las autoridades en transporte deben tomar concien- 
cia de su papel ante este problenia, y no centrar su 
atencion exclusivamente en el usuario y soluciones a 
la colnunidad en 10 referente a1 transporte; pues exis- 
te el prestador del servicio que se trata de todo un 
trabajador que a su vez es un ser humano. Ademas 
prestarles la debida atencion impacta con seguridad 
en el servicio. 

El trabajo de encontrar cada vez mas y mejores 
soluciones, es arduo para todos; pero, estemos feli- 
ces de tener trabajo por hacer. 
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Anhlisis del us0 de colectivos en la Ciudad de Mkxico 
Analysis of minibus use in Mexico City 
Analyse de l’utilisation des transports en commun dans la Ville de Mexico 
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RESUMEN: Se analiza la dinimica del crecimiento de la Zona Metropolitana de la Ciudad de Mexico 
(ZMCM) y 10s cambios en la estructura modal del transporte en la que se han visto favorecidos 10s minibuses 
(colectivos) o transporte concesionado con una consecuente proliferacidn excesiva de estos vehiculos y su 
inipacto a1 medio ambiente. Y se proponen lineas de acci6n para disminuir 10s problemas que causa este me- 
dio de transporte. 

ABSTRACT: Urban growth dynamics of Mexico City are analyzed alongside changes in the transport mode 
structure in which minibuses or “colectivos” have proliferated over the transport demand needs and its envi- 
ronmental impact. Action lines are proposed to diminish the problems this mode causes. 

RESUM6: La dynamique de coissance de la zone metropolitaine de Mexico ainsi que les changements de 
structure du transport dans laquelle les mini-bus ou transports concessionnks entrainant une proliferation ex- 
cessive de ces vkhicules polluants sont analyses. Des plans d’action sont aussi proposes pour reduire les pro- 
blemes causes par ce type de moyens de transport. 

1 INTRODUCCION 

El incremento demografico y urbano que la ciudad 
de Mexico ha registrado en 10s ultimos 35 aiios ha 
provocado importantes cambios en su fisonomia. Ya 
clue dc ser un asentamiento humano de 3 16 km2, con 
5 millones de habitantes, se convirti6 en una verda- 
dera Zona Metropolitana, donde se localizan y 
aglomeran el mayor numero de actividades econo- 
micas del pais, con una poblacion de aproximada- 
mente 20 millones de habitantes en una superficie 
urbanizada de 1,700 km2, abarcando actualmente 16 
Delegaciones Politicas del D.F., 53 municipios del 
Estado de Mexico y uno del Estado de Hidal- 
go[INEGI, 19991. 

Es logic0 que la demanda de servicios urbanos 
liaya crecido en igual forma. En cuanto a1 transporte, 
en 1995 se realizaron 37 millones de via- 
jedpersonddia (vpd), y se estima que por el aiio 
2020 se realizarim 53 millones de vpd[DDF,1996], 
10 que agudizaria 10s problemas de movilidad. El in- 
cremento del parque vehicular tiene tasas anuales 
muy elevadas, incrementandose de 248 mil vehicu- 
10s automotores registrados en 1960 a 3.5 millones 
en 1995 [SCT, 19971. Esta situaci6n exige identifi- 
car estrategias concretas que afronten de manera in- 
tegral las demandas futuras de transporte. 

El presente trabajo examina el origen, evolucion 
y consolidaci6n de un sistema poco eficiente de 
transporte denominado “colectivo” que contribuye 
con aproximadamente el 40% de 10s vpd [PROAI- 
RE: 1 9941. 

El trabajo se encuentra dividido en tres partes, en 
la primera se plantea el marco historic0 de este mo- 
do de transporte, resaltando su importancia en las di- 
ferentes actividades de la ZMCM y 10s problemas 
ambientales que originado con su crecimiento. 

La segunda parte presenta las variables que per- 
miten visualizar cual es el impacto de este inodo de 
transporte en la sociedad y cuales son las variables 
que inciden en su desarrollo. Finalmente se indicara 
las lineas a seguir para disminuir su impacto a1 me- 
dio ambiente y a la sociedad. 

2 MARCO HISTORIC0 

Los sistemas de transporte han jugado un papel muy 
importante en el desarrollo, magnitud y crecimiento 
de la ZMCM. A principios del presente siglo el 
transporte urbano adquiri6 una nueva dinaniica con 
la aparici6n de 10s tranvias movidos por energia 
elkctrica, que se convirtieron en el principal sistema 
de comunicacion de 10s habitantes de la ciudad. 
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sistema por tranvia resultaba insuficiente, dando ori. 
gen a1 servicio de autobuses que se caracterizaba por 
la operaci6n de camiones de carga adaptados con 
carrocerias para diez personas. No se tenian horarios 
ni rutas fijas, el propietario elegia a criterio tanto el 
pcriodo de operacion como el itinerario en funcion 
de la demanda local existente. En general, 10s 
prinieros trayectos siguieron las rutas mas rentables 
de 10s tranvias [Ward, 19911. 

Este servicio opero en 29 lineas con un total de 
1.457 autobuses. Para 1945 se llego aun total de 
1,957 unidades; cinco aiios despuCs se habian incor- 
porado a este sistema 1,400 unidades mas y para 
1982 el total de autobuses ascendia a mas de 16,000 
unidades cifra referida a1 numero de concesiones 
otorgadas por el Departamento del Distrito Federal 
(DDF) en 10s afios mencionados. El crecimiento de 
la Ciudad continuaba, la tasa de motorizacih con 
respecto a autobuses en 10s ultimos 40 aiios indica 
que existen mas de 600 personas por autob6s[DDF, 

El transporte basado en autobuses que se ofrecia 
en la Ciudad fue incapaz de cubrir la demanda y co- 
bertura. La falta de una respuesta del gobierno de 
absorber esta necesidad permite la entrada de nuevos 
agentes en la prestacion del servicio de transporte. 

Es asi como el transporte conocido como “colec- 
tivos” inicia su desarrollo en la ciudad, el taxi como 
rnodo de transporte colectivo adicional apareci6 en 
la segunda dCcada del siglo actual. A1 principio 
opero sin itinerario fijo, y posteriormente qued6 
adaptado a la modalidad de “pesero”, es decir, de 
ruta fija. En 1935 el total de taxis lleg6 a 4,538; para 
1945 habia 4,560; cinco afios despuCs su numero era 
de 5,109 y para 1980 operaban en la Ciudad de 
Mexico cerca de 60 mil taxis. Casi todos 10s viejos 
autonioviles conocidos como “taxis colectivos” fue- 
ron sustituidos por Combis y posteriormente, se mo- 
dificaron para tener mayor capacidad y poder trans- 
portar unas 15 personas, para que finalmente 
aparecieran 10s famosos microbuses que transportan 
aproximadamente 25-30 personas[Legorreta, 19943. 

Este mod0 de transporte presenta una adaptacion 
tal a las condiciones de la demanda de transporte en 
la ciudad que mientras en 1980 circulaban 2,000 
unidades en 143 rutas, para 1994 se tenian registra- 
dos 200 mil unidades en toda la ZMCM con una 
extension del servicio en 38 mil km [Legorreta, 
1 9941. 

Este crecimiento del 140% anualizado en 15 
aiios, se convierte en un hecho sin precedente en la 
historia del transporte a nivel mundial [Molin- 
ero, 19981. Estos cubren practicamente toda la exten- 
sion de la ZMCM: zonas recikn urbanizadas en la 
periferia, las vialidades no atendidas por otros mo- 
dos de transporte, las arterias principales, donde 
compiten con transporte operado por el gobierno 
(trolebuses, metro, etc.) por la ventaja de la flexibili- 

1983- 19961. 

Figura 2. Emisiones contaminantes por tipo de transporte (g / 
pasajero* km). 

asentamiento de poblaci6n o de trabajo. 
A pesar de representar el 4% del total del parque 

vehicular que circula por la Ciudad de Mkxico. este 
medio se constituye en el principal servicio de trans- 
porte para alrededor de 16 millones de personas, SII 

influencia ha sido tal. que ha desplazado en impor- 
tancia a1 METRO y a 10s autobuses foraneos, es por 
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10 tanto, un medio indispensable para el funciona- 
miento de la ZMCM. 

De forma paralela a su desarrollo, han surgido di- 
versos problemas como son su impact0 al medio 
ambiente, mayor saturacion de la superficie vial, y la 
falta de vigilancia para hacer respetar reglamentos 
de transit0 y desintegracion del transporte de uno de 
10s mayores asentamientos humanos del mundo 
[Brosthaus, 19951. 

En cuanto a emisiones el inventario de 1994 se- 
iiala un estimado de poco mas de 4 millones de to- 
neladas de contaminantes emitido a1 ago a la atnios- 
fera, correspondiendo 75% de estos a1 sector 
transporte, 13% a la industria y servicios, 12% a ve- 
getacion y suelos. El transporte es responsable de la 
mayor emision de monoxido de carbon0 (99.5%), 
oxidos de nitrogen0 (71.3%) e hidrocarburos 
(54.1%) a la atmosfera. Dentro de este sector, 10s 
microbuses, taxis y autom6viles particulares tienen 
10s factores mas altos de emisiones y, por 10 tanto. 
ocupan 10s niveles mas altos de contaminacion (Fig. 
2). 

3 VARIABLES DE UNA MEGACIUDAD 

Para tener una panorhica del dimensionamiento del 
problema de transporte y del desarrollo urbano, de- 
ben considerarse 10s siguientes datos: 

3.1 DemograJia 

En 1940 la Cd. de Mexico contaba con 1.6 inillones 
habitantes esta cifra se triplico para 1960, en 10s si- 
guientes 20 aiios crece 8 veces y en los 15 que si- 
guen practicamente se mantiene. Entre 1990 y 1995 
la ZMCM ha disminuido su crecimiento (1.8% 
anual) respecto a periodos anteriores; sin embargo, 
atin concentra casi la quinta park de la poblacion 
nacional, en un espacio que representa el 0.3% de te- 
rritorio nacional, alcanzando las mayores densidades 
de poblacion que van de 13,000 y 18,000 habitantes 
por km2. 

Se estima que para el 2020 la poblacion en la 
ZMCM puede llegar a 23 millones de habitantes, 
coiisecuencia de una tasa de crecimiento anual del 
0.2% en el DF y 2.2% en 10s municipios conurba- 
dos, previendose un increment0 del 37% en el nume- 
ro de viajes. 

3.2 Estructura Fisica 
El proceso de crecimiento fisico de la ciudad se ini- 
cia entre 10s aAos 1970 y 1980 cuando la Cd. de Me- 
xico incorpora a 17 municipios del Estado de Mexi- 
co, 10 que se denomino Area Metropolitana. Entre 
Metropolitana. esta integracion se ve facilitada por 
la extension del Sistenia de Transporte Metropolita- 
110. 

La infraestructura de transporte terrestre del DF 
cuenta con 198 km de vialidades primarias, 3 10 kin 
de ejes viales >. 8 mil km de vialidades secundarias. 
Los municipios conurbados por su parte cuentan con 
47 km de vias urbanas rapidas, 616.5 km de vias 
primarias, 94.3 km de autopistas interurbanas y 
258.2 km de carreteras interurbanas. 

3.3 Poblacidii Econhicumente Activa 
La ocupacion predominante de la Poblacion Econo- 
micamente Activa (PEA) de la ZMCM es en 10s ser- 
vicios, que representan un 66.7% de la PEA; de es- 
tos el 42.2% se localizan en el DF, mientras que en 
10s municipios conurbados se ubica el resto. La acti- 
vidad industrial concentra a1 32.2% de la PEA, de 
este porcentaje el 16.6% se localiza en el Edo. de 
Mexico y el resto en el DF. La actividad agricola 
solo representa el 1.1 % del empleo en la ZMCM. 

La estructura del ingrsso de la poblacion indica 
que el 79% percibe ingresos inferiores a 3 salarios 
minimos, 10 que indica que 10s empleos existentes 
son de una baja remuneracion, a 10s que se tiene que 
dotar de infraestructura de transporte y servicios a 
bajo precio. 

Figuia -? Parque Vehicular del transporte concesionado 
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3.4 Distribucidn modal 

Uno de 10s insumos m8s importante para planear el 
transporte, es analizar 10s diferentes modos que la 
integran para planear su desarrollo: en la ZMCM se 
encuentran registrados mas de 3 millones de vehi- 
culos, de 10s cuales 87.5O/0 circulan en el DF y solo 
13.5% 10 hacen en la zona conurbada (Fig. 3). 

El mod0 de transporte que mayor crecimiento ha 
manifestado es el de microbuses, combis y taxis que 
en el aiio de 1975 transportaban el 12% de 10s viajes 
y en 1994 el 55.3%. Con respecto a1 parque en cir- 
culacion y edad de kstos, factores claves para las 
emisiones contaminantes. casi el 24% corresponde a 
modelos posteriores a 1990, mas del 75% a modelos 
entre 1980-1990 y menos del 1% a modelos anterio- 
res a 1980, 10 que refleja un parque obsoleto, ya que 
el transporte que circula en el DF tiene en promedio 
5.8 aiios y en el Edo. de Mexico de 9.3 aiios. 

Esta cantidad de vehiculos automotores tiende a 
hacer ineficiente el traslado de personas y mercan- 
cias, ademas de producir un incremento en 10s tiem- 
pos de viaje promedio que le toma a una persona pa- 
ra transportarse internamente en el DF o el Edo de 
mCxico y a1 atravesar la ZMCM. Por ello las veloci- 
dades promedio en horas de maxima demanda para 
autobuses y trolebuses son 16 km/h, para microbuses 
(colectivos) es de 21 krdh, para autos particulares de 
27 k m h  y para el Metro de 35 km/h [INEGI, 19991. 

3.5 Evolucidki de la Linea de Deseo 

Los estudios de origen y destino realizados en la 
ZMCM demostraron una modification importante 
de las rutas de viajes de personas. En 1983, las li- 
neas de deseo de movimiento se caracterizaron por 
dirigirse a1 centro de la Ciudad. Para 1994, 10s mo- 
vimientos eran en distancias menores y disminuye- 
ron 10s viajes a1 centro, por 10 que se generaron mas 
desplazainientos entre puntos de la periferia y au- 
mento el numero de recorridos en la propia locali- 
dad. 

Del total de tramos de viaje contabilizados por 
dia (37 millones), 82.4% se realizaba en el trans- 
porte publico, mientras que el restante 17.6% 10 
hacian en transporte privado. Dentro del transporte 
publico participaba mayoritariamente 10s colectivos 
(55.3%) seguidos por el metro. En cuanto a1 numero 
de viajes que se realizan a1 dia y que asciende a 37 
millones vpd, el DF concentra el 66.5% y la zona 
conurbada el 33.5% [INEGI, 19991. 

3 I*iNEAS DE .4CCION 

porte, ha originado un aumento desmesurado de 10s 
colectivos, provocando asi un deterioro de la calidad 
ambiental de la zona metropolitana. 

En base a1 analisis de las variables presentadas en 
este articulo, se propone mitigar su efecto a1 medio 
ambiente por medio de una oferta de servicio con- 
trolada por la demanda de mercado, es decir, un 
nuevo reordenamiento de la flota de colectivos de 
acuerdo a1 crecimiento poblacional, lineas de deseo 
y eficiencia operativa bajo un marco de competencia 
real. Bajo este mismo esquema establecer paradas 
consensadas con el usuario de acuerdo a sus necesi- 
dades, capacitar a 10s operadores del servicio y una 
renovacion del parque en el mediano plazo tanto de 
unidades como de combustibles. 

5 CONCLUSIONES 

El ritmo de crecimiento de la ciudad impide la pres- 
tacion de servicios y regulacion adecuados, asi 10s 
colectivos se presenten en la mayoria de nuevos 
asentamientos como la unica respuesta a la denianda 
de transporte. Si bien estos responden a sistemas lo- 
cales de demanda a1 generalizarse como niodo de 
transporte para la zona metropolitana trae graves 
problemas debido a su limitada capacidad, ineficien- 
cia y a1 incremento del caos vial, todo esto genera 
w a  disminucion de la calidad del aire, por ello se 
propone una planeacion urbana y la creacion de una 
oferta de transporte seguro, eficiente y confiable. 
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Physical mobility and lifestyle changes: Commenting policies of transport 
Mobilitk et changernents de style de vie: une analyse des politiques de transport 
Analisis de cambios en estilos de vida y rnovilidad fisica, su irnpacto sobre politicas 
de transporte 
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ABSTRACT: The concept of sustainable transport was soon followed by discussions about lifestyle as an 
active part of transport policies. The aim of this article is to clarify the role of lifestyle changes and its relation 
to transport. 

R6SUME: La notion de durabilite dans le transport provoque des debats sur le style de vie comme partie 
integrante des politiques de transports. Le but de l'article est de clarifier et de debattre de l'impact des 
evolutions du style de vie et de leur role potentiel dans les politiques de transport. 

RESUMEN: El articulo introduce criterios de sustentabilidad seguidos por una discusion de como 10s cambios 
de estilo de vida representan factores activos, cambiantes ante todas las politicas de transporte. El articulo 
aporta elementos a la discusion sobre las implicaciones que estos cambios, en especial 10s pertinentes a la 
movilidad fisica, pueden tener sobre politicas de transporte. 

1 INTRODUCTION 

"Which politician would dare to take their cars, their 
new found toy, away?orn the Polish people?" 

The question was put by the Minister of Transport, 
Mr Liberacki in Poland in a debate on eco-friendly 
car technology and possible price rices. Of course, 
no one could advise the Minister on how to deal 
with restrictions on car use either in Poland, or in 
any other country exposed to dramatic increases in 
the number of motorized vehicles. 

The automotive industry was the first globalized 
industry. The phenomena of automobility was 
gradually integrated to the economic and social life. 
Changes in patterns of consumption followed, and 
the emergence of a lifestyle suitable to the properties 
of cars. The existence of cars and car culture is a fact 
in today's world community. The private car is 
highly attractive as a symbol of social progress. This 
is seen e.g. in the emerging middle class in areas 
where traditional socio-economic systems have been 
modernized and relativized by macro-regional orland 
global change in political and economic structures. 
On the political level the nation-state system is being 
relativized and weakened by regional entities, 
through the development of political and economic 
relations linked together by such phenomena as the 
evolution of a new techno-economic paradigm, and 
automobility as a means of globalization. 

The background to the question is the outspoken 
desire for more cars. The rapid increase in the 
number of cars entails a variety of problems which 
confront the democratic authorities with new kinds 
of difficulties, since they have not dealt with issues 
of massmobility until recently. By posing his 
question the Minister put forth the complex 
relations between states, markets, consumers and 
development which interact in today's pattern of 
social changes and how the dramatic increase in 
physical mobility interplays with these relations. 
Cars and other modes of transport are both economic 
markets and necessary infrastructure. Consequently, 
any national policy of transport is operationalized 
within the framework of the prevailing strategy for 
development. As such, transport policies reflect 
concerns with external relations and with national 
relations between the state and the market. 

The expansion of physical mobility is a global 
mega-trend forecast to increase substantially in most 
countries. The ongoing globalization of automobility 
is adding yet another burden to local and global 
environmental systems. The progress of 
automobility began one hundred years ago; however, 
no attractive examples of restrictions in motorized 
transport have been developed. In today's debate on 
means and aims of development, economic and 
environmental sustainability are crucial issues. These 
two kinds of sustainability are difficult to combine 
and the modern lifestyle, depending on extensive use 

509 



of cars is subject to critical examination (Thynell 
1998). 

1. I Facts and Concepts 

In 1946 there were 46 million cars in the world; 75 
per cent of those were registered in the U.S. In 1995 
there were 495 million cars registered. According to 
an OECD-forecast there will be 561 million in the 
year 2000, and 707 million cars by 2010. The 
numbers of cars in developing countries today are 
rapidly increasing and overall car density has 
increased from 30 to 70 cars/1000 persons from 
1970 to 1990. This figure can be compared with 
statistics from the U.S. where the corresponding 
number in 1995 was 769 cars/1000, indicating the 
huge difference between the various regions (WEC 
1995:lO). Approximately 9 per cent of the global 
population are car owners. 

Data concerning the consumption of transport 
energy show that the U.S., i.e. 5 per cent of the 
global population consumes 36 per cent of all 
transport energy, while the NOECD countries, 
hosting 81 per cent of the population, consume 20 
per cent of all transport energy. As soon as people 
can afford it they tend to prefer to go by car 
wherever they live. At the same time most 
politicians oficially recognise that it is no longer 
feasible for every family in the world to have their 
own car. The global inequality highlights the huge 
difference in access to physical mobility between the 
various regions of the world. Average numbers mask 
the very large variations between rich and poor areas. 

Transport and automobility are societal 
phenomena mainly produced by technical and 
economic expertise. The attractiveness of privately- 
owned cars and the increase in the vehicle fleet have 
created problems and policy instruments and 
concrete measures in use so far have proven to be 
inadequate and insufficient. By this I am referring to 
transport policies and local traffic campaigns in 
general. Technological development also appears to 
be an insufficient and inadequate means of 
controlling traffic growth. The problems associated 
with motorized transport can be divided into four 
main categories: 

a) the congestion and other problems in densely 
populated areas related to the capacity of local road- 
infrastructures, 
b) the tremendous number of people killed and 
injured. ”In its first century the automobile has 
claimed 30 million people’s lives”. In Poland car 
accidents are a main cause of death for young men 
between 18 and 24 years old (Thynell 1999), 
c) the local, regional and global pressures on the 
ecological systems are far above sustainable levels, 
d) the fuel supply required by the rapidly increasing 
fleet of motor vehicles is still an issue in urgent need 
of a solution. 

2 TRANSPORT POLICIES 

The aim of transport policies has been to create good 
conditions and more specifically a sound vehicle- 
road-system. In order to deal with the 
inconveniences a range of fixes emerged. The political 
instruments employed in traditional transport 
policies are divided into three groups: 

Planning f2ces: Improved infrastructure such as 
bridges, tunnels and highway systems are often 
implemented hand in hand with political measures of 
different kinds. The effects of these measures are 
rarely thoroughly analysed. Regional planning and 
city planning are seen as ways of reducing the need 
for commuting. The physical planning of cities, 
urban areas and regions could improve their efforts 
to diminish the need to commute. 

So far increase in travel demand has been 
controlled by means of traffic management. The 
achieved reductions in everyday trips have been 
eaten up by the overall increase in physical mobility, 
e.g. leisure travelling and the increase in long-distance 
travelling. Motorized mobility will increase 
substantially in most countries. 

Technical fixes: these are also expressed as 
complementary techniques aiming at making cars and 
roads more efficient and safe. Many good examples 
of additional and/or improved techniques can be 
given, e.g. safety belts and seats for small children. 
Alternative technology is exemplified by vehicles 
driven by alternative fuel; electricity or fuel cells. 
Smart cars and smart roads have also raised 
expectations of safer and less congested roads. 

The catalysator and the decrease of fuel - per tkm 
or pkm - are measures underlining the role of 
technology in problem-solving and putting a stress 
on the role of technical expertise in the highly 
developed countries. Technical fixes do not bring 
about solutions to the wide range of difficulties in 
today’s transport system. The faith in the capacity 
inherent in technological achievement to solve 
problems has strongly emphasized the necessity of 
various sorts of technical fixes; however, the 
consequences of radical technology on the problems 
of sustainability are still not known. 

Behavioural fixes: are other kinds of traditional 
measures applied to improve drivers’ behaviour. 
Laws and regulations dealing with restriction of 
speed, parking behaviours and various kinds of tolls 
and circulation restrictions in big cities have been 
used. Economic adjusments: taxes, fees, subsidies 
and road pricing are negotiated politically and 
enforced in order to influence drivers’ behaviour. It is 
difficult to evaluate the outcome of these measures. 
For instance, a well-known fact is that the doubling 
of gasoline prices does not lead to a 50% reduction 
of pkm, due to the eIasticity amongst the consumers 
in their response to raised prices and taxes. 
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Information campaigns are also measures dealing 
with individual behaviour. Information can influence 
road-users and passenger behaviour towards changes 
in mobility patterns and reduce mobility only when 
that information offers a possible and positive 
alternative. Information campaigns need to have a 
clear-cut message since blurry or/and contradictory 
information or big-brother attitudes tend to be 
neglected by the users. The long term consequences 
of information are much debated in Social Science 
and can be said to be by and large unknown. 

2. I New elements in transport policy 

The non-traditional aspect of ‘lifestyle’ was 
introduced when an integrated view on transport 
appeared. This recent and more complex 
understanding of the societal role of transport 
emerged at the same time as problems in transport 
became obvious. The fact that less than 10% of the 
global population owns a car and that the real 
problem for many people is the lack of access to 
physical and motorized mobility are examples of the 
kind of problems involved in this sector. 

Changes in lifestyle as an active feature of 
transportation policy is of a different character than 
behavioural fixes because of its social and cultural 
embeddedness. The lifestyle of a person is closely 
connected with individual desires, dreams and 
cultural values inherent in Western culture. The way 
of life linked with prevailing modern values of the 
mainstream development in the sector of transport 
have been operationalized by means of the modern 
lifestyle. The car culture is a part of a western and 
modern culture. Current societal needs are in conflict 
with efforts to come to grips with global 
environmental deterioration. So far overall economic 
growth has been the salient factor setting the 
framework in which production, ownership and car 
use have expanded. It could be argued that the 
research agenda in the field of transport and 
automobility - to a considerable extent - have been 
set by the direct outcome of dominant agents in the 
world economy and not by the needs required to 
develop social and community life as such. 

2.2 Background. The appropriation of cars on 
micro-level 

The social and cultural embeddedness of the car in 
Western culture has been established by studies in 
sociology, anthropology, psychology and by a 
number of transport researchers e.g. Flink, 1975, 
Sachs, 1984, Freund and Martin, 1993. Issues on 
automobility and social change at household and 
individual levels have been surveyed by means of 
sociological methods. These kinds of studies have 
contributed with knowledge of how structural 
conditions are perceived at this micro level and how 
individuals in their daily life respond to changes in 
the larger structures. The previous studies at this 
level have contributed information about values and 
current trends in physical mobility. One interesting 

theoretical point of departure for a scientific 
approach was described by two psychologists 
focusing on transport and behaviour: 

”The basic assumption is that individual transport 
behaviour is embedded in, and significantly directed 
by, the institutions, organisations and generally 
adopted lifestyles in society” (Vlek & Steg, 1996:50). 

These ‘adopted lifestyles’ have often been viewed 
as if they were ‘black boxes’ in Economics and 
Technology, and their relations to political economy 
have also been neglected by Social Science. The way 
physical mobility is related to the progress of 
individual emancipation and the desire to be able to 
move freely at any time twenty-four hours a day 
have to be analysed in relation to the individually 
designed lifestyle. Changes of lifestyle in the area of 
transport have to do with mobility patterns, the 
preferred modal choice e.g. car, bike, public 
transport or other ways of travelling i. e. the 
prevailing behaviour in transport. 

Western man has adopted the car physically and 
mentally. Car use has been given both a social and 
cultural meaning which cannot easily be replaced by 
other transport modes. What could be called a post- 
modern lifestyle, including alternative mobility 
patterns has not yet emerged on a large scale. This is 
the reason why transport behaviour is discussed in 
terms of lifestyle changes, and not only in terms of 
changed behaviour. 

2.3 The debate about lifestyle changes and transport 
policy 

A new perception on the unsustainable character of 
modern transport started to appear in the 1980’s and 
the notion of lifestyles was integrated into e.g. an 
OECD report ”Urban Transport and Sustainable 
Development” (1 995: 19) in following terms: 

”lifestyles and technology of Western countries and 
the direction of the development in the rest of the world 
will have to change. The logical place in which to start 
promoting such changes is in cities”. 

Lifestyle is understood as a complex set of 
activities, and when brought together they constitute 
an entity. Mobility patterns and transport behaviour 
are closely connected to the underlying cultural 
values which found the values and attitudes of each 
individual. These values and attitudes are expressed 
and objectified in activities and through individual 
consumption. The car as a consumer object has given 
rise to a complete lifestyle. I find it relevant to use 
the definition given by Loov & Miegel, Swedish 
cultural sociologists, in an article: The Notion of 
Lifestyle - Some Theoretical Considerations: 

”(L/ifestyles must be viewed as potential forces of 
social and cultural change. In order to understand 
these processes it is necessary to account for the way in 
which culture jlows+om the niacro level to the micro 
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level. Socialization is the generic term for this process” 
(I 989: I 7). 

According to these authors, the concept of 
lifestyle should be related to three different levels: 

the structural level: this is the macro-level 
involving differences in cultures and societies that 
can be expressed in terms of differences in lifestyles. 
On the structural level focus is directed towards 
different features distinguishing Asian societies from 
the Islamic World, or the Occidental region. These 
features are e.g., religious laws, secular legislation, 
traditional modes of production, modern ways of 
production and cultural values. Images about the 
character of other cultures relate to this level; the 
American way of life, the Shia-Muslim lifestyle or 
the Japanese way of making a car. 

the positional level: refers to the concept of 
lifestyle and is divided into categories: men and 
women, children and adults, i.e. groups with 
different social status. The inherent differences are 
related to the position of the group in the social 
stratification in a defined society. The differences are 
operationalised in daily life by means of the lifestyle 
of a person; accordingly the various social groups 
carry out different lifestyles. 

the individual level: this is the micro-level in 
which there is an ideal and a real individual lifestyle. 
Questions like: how do persons with different 
lifestyles perceive their reality; how is identity 
created; how is a personality developed, how is the 
lifestyle expressed? These are aspects of relevance to 
the shaping of individual lifestyles. Of interest here 
is also the way in which individuals communicate 
and relate to other persons/groups. It is possible to 
study the lifestyle of a person through the various 
activities shehe is involved in. According to Loov & 
Miegel, lifestyles are founded in four kinds of values: 

material values: these are the basis for taste and 
preferences. Material values help us to make 
decisions about what to eat, where we wish to live, 
what kind of leisure activities we prefer and so on. 
These values are easy to detect and possible the 
most explored ones. 

religious and metaphysical values: these are the 
basic foundation for our view of the world and the 
way we perceive reality. They are useful for solving 
existential issues: what is important in life, the 
meaning of life and death. The religious and 
metaphysical values are of fimdamental importance 
to the individual and provide us with the necessary 
orientation related to our identity. Metaphysical 
values also give important information about social 
change. 

art, film, literatur, theatre etc. 
aesthetic values: these tell us what to think about 

ethical or moral values: these orient and help us 
with moral dilemmas and in personal conflicts. 
Ethical values are basic to our way of being, our 
morality. They provide the person with a guide to 
making judgements about what is right or wrong. 
Ethical and moral values help us to survive as 
individuals and to make our society sustainable. 
These values are culturally determined. Ethical 
values are a part of the social surroundings and we 
are not able to change these values as easily as we 
buy a new car. The morality of a person is not 
visible and not easily detected, as is the case with 
aesthetic or material values. They are none the less 
important determinants in the shaping of an actual 
lifestyle. Moral values are an important source of 
information on social change. 

The significance of the car in the shaping of 
lifestyles has been studied by the Norwegian 
transportation researchers Berge & Nondal. The car 
often has the capacity to make the lifestyle of a 
person more obvious and visible, an assertation, 
which they define as follows: 

”In recognising collective and individual lifestyles, 
the role of the automobile is important. It is a well- 
known fact that a material product can be used to 
communicate messages to other people. To do so, it 
has to have three properties (Berge 1995): i )  It has to 
be visible in use, ii) It has to show variability (refering 
to its diflerentiating function), iii) It has to have 
personalizability (refering to the extent to which a 
product denotes a stereotypical or standardised image 
of the average user). The automobile has all these 
properties )’ (I 995: 71 I -  724). 

The lifestyle of a person codes and transmits 
social signals about changes in the patterns of trips 
and travels. The ways of transmitting these codified 
signals are constantly altered and closely related to 
changes in social structures at meso- and macro- 
levels. Of course, we are not able to identify a direct 
correlation between changes at macro and micro- 
levels in the lifestyle of Ms N. or in her pattern of 
mobility. It is, however, possible to analyse the 
relation between existing levels by connecting 
structural data at the various levels with knowledge 
gained from the application of lifestyle studies. In 
my view, studies of lifestyles need to include the 
construction of identity in two ways: the real person 
in its existing version and in the ideal version i.e. an 
imagined person. 

When analysing potential changes of lifestyles 
and car use the groupings made by Loov & Miegel 
are suitable tools. The car makes its owner visible 
and can tell us something about the socio-economic 
position of the owner. It can also provide additional 
information about the owner’s identity. To 
demonstrate a person’s lifestyle at the positional 
level by means of a car requires only visibility and 
the differentiating function belonging to the car in its 
symbolic role, e.g. the high economic value of the 
car. The collective way of life in a society can be 
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illustrated by means of the differentiating function. 
In Phoenix, Arizona e.g. a person without a car is 
probably both economically and politically 
marginalized, either a drop-out or a foreigner. 

Most lifestyle studies focus on the material and 
aesthetic aspects of consumption, aiming at 
prediction of trends in taste. The consumer’s 
preferences are parts of a complex reality which 
comprises socio-technical change, economic change, 
cultural change, moral change and changes in ethical 
codes. Structural conditions i.e. location of domicile, 
degree of occupation, working hours, location of 
work and access to public transport, and the 
structural dependency of cars are the kinds of 
aspects I consider essential to integrate into 
discussions on the potential of change within a 
specific lifestyle. 

2.4 The concept of lifestyle changes 

With this framework I am able to come to grips with 
non-stable social elements in order to continue to 
elaborate the non-traditional aspects of transport 
policies which aim at approaching sustainable 
transport. Lifestyles are believed to be transferred 
mainly through imitation (Lindkn, 1994). This 
transfer takes place vertically from well-to-do 
people with status, power and money to less 
privileged people and horizontally, from men to 
women of the same social class. This is the top- 
down transfer. Lifestyles are also transferred 
between generation from elderly people to young 
people and nota bene, vice versa. 

The globalization of car use can be explained by 
these mechanisms (Lindkn, 1994). This means that 
lifestyle changes take place at all levels in society as 
described by Loov & Miegel. A whole society may 
imitate foreign lifestyles based on car use, e.g. Japan; 
see Plath, 1990 and Maruo, 1992. Individuals may 
imitate the lifestyles of other people, e.g. when 
women started to drive cars they acquired a certain 
masculine image through imitation. 

Lifestyle changes are also natural parts of the life 
span. A Swedish study treated car use as a 
materialised expression of different lifestyles varying 
over time in the life of a single person and between 
the sexes. Ownership and car use may be seen as 
expressions of adult identity and the basis of a 
highly mobile lifestyle in developed countries. 

The lifestyle of a person is the result of a rational 
choice and thus the lifestyle provides information 
about ongoing social change such as e.g. access to 
transport modes. Through studies of lifestyles we 
are able to see how a person orients and re-orients 
herhimself in the modern world. Lifestyles can tell 
us how changes are perceived by people in a city and 
how people form the base for changes of personal 
choices in e.g. transport. Individual choices have a 
profound meaning which is transferred into 
meaningful social activities. In this perspective 

lifestyles are useful in order to identify which are the 
carriers expressing social meanings in the sense of 
personal life meaning. The car has proven to be a 
meaningful artifact for a number of reasons. It is a 
part of a large technological system and thus the 
whole system has been integrated into modern 
societies. Macro-economic events contirbute to the 
establishing of a framework in which expansion of 
automobility and behavioural changes together with 
lifestyle changes occur. According to Giddens 
structuration in society takes place through the 
ordinary daily events and in the life planning of the 
individual. Modern men and women have to 
construct and reconstruct their life-meaning 
permanently. Some modes of mobility increase while 
others decrease and new modes are reinforced, 
creating new patterns of mobility. Giddens states 
”Life politics is related to political economy through 
the different aspects we incorporate in our lifestyle”. 

3 CONCLUDING SUMMARY 

It has been established that transport policies are 
unable to deal efficiently with growing automobility. 

Present curative responses to the problems are to 
be found in changes of lifestyle. These changes are 
based on individual values and behaviour related to 
transport. The appropriation of cars at the individual 
level has made it necessary to include changes of 
lifestyle in the agenda for transport policies, 
especially since Agenda 21 and the protocol on 
climate. 

At the same time more than 90 per cent of the 
global population do not have a car. A huge number 
of people do not have a modern lifestyle - and they 
need to improve their possibilities of making 
journeys and of having access to health care and 
education. 

Several aspects of modernization have had 
unforeseen consequences, e.g. there is a lack of 
knowledge of how to reduce the need for transport 
and even of reducing number of journeys made by 
cars. The highly developed countries have not yet 
discovered how to deal with the negative 
consequences of modernity, i.e. the specific 
characteristics related to development during the last 
few decades. It is time to integrate the side effects of 
transport into research in Social Science. This means 
a shift in focus from the practical aspects of 
economic growth and technical solutions towards the 
needs inherent in human beings and nature. The time 
has come to adapt visions of development to reality 
and not the other way around. Research on the 
influence of automobility in society is scanty and 
knowledge of this kind is needed to develop adequate 
visions related to the overall development of 
communal life. 

The political economics of social change can 
approach issues of environment, democracy and 
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relate them to social change. This method is suitable 
for exploring the dynamics of late modernity. The 
UNCED declarationen of Rio 1992 represents an 
effort in this direction but as was recognised by the 
UN Conference in New York in 1997 the Rio- 
declaration has not had the desired impact. 

Economic and technological change is always 
possible and in fact it takes place daily. Social and 
political change is also possible however. I would 
claim that a qualititive outcome when discussing 
personal transport depends on the ability of the 
public to play an active part in the design of 
transport systems corresponding to their needs. 
Whenever a down-up approach is not taken 
seriously too many people will continue to suffer, 
not only from the consequences of poorly analysed 
strategies for development, but also from lack of 
transport since they are excluded from the 
community of car owners in the world. 

The following conclusions may be drawn: 

For a start: So far the only means in use when 
dealing with the need to increase the sustainability in 
the sector of transport have been the traditional tools 
of transport policies. The lifestyle fixe is a non- 
traditional aspect and so far less explored than the 
three kinds of traditional fixes, as commented upon 
above. Lifestyle changes can be included in transport 
policies and support traditional tools to help achieve 
sustainability in the area of transport. 

Secondly: The debate on lifestyle changes 
emanates from the difference between changes in 
behaviour and lifestyle as a point of departure. The 
concept of lifestyle is manageable when linked to the 
three different levels as presented above, i.e. when it 
is obvious that the choice of lifestyle expresses 
prevailing values. 

Thirdly: Lifestyle changes are a part of modern 
individual change and linked with ongoing social 
change. There is a lack of ethical values on which a 
sustainable society can be based. The prevailing 
values immanent in modern Western culture and 
today’s built-in system of transport do not take into 
account the constraints immanent in the natural 
environment. 

Finally: When lifestyles are based on ethical and 
metaphysical values and to a lesser degree on 
material and aestethic values it is easier to design 
systems of transportation and individual mobility in 
coherence with sustainable development. 

In democratic societies the civil sector plays a role 
in the designing of transport policies. Whenever 
lifestyle changes are included in transport policies, 
the civil sector of society i.e. the ordinary road- and 
car user participate in these kinds of policies and in 
the formation of national sector policies. 

The processes of economic growth, 
modernization and development are dependent on 
the overall development of sectors such as health, 
education and transportation in order to improve the 
conditions of life. Changes of values together with 
ways of evaluating development are needed to 
achieve a higher degree of sustainability. A large 
number of countries have financial difficulties due to 
infrastructural projects and increases in fuel and 
energy demand. The problems are universal, but they 
call for local solutions adapted to specific social and 
environmental needs. 
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Development of a parlung model metro system 

Anil Madhugiri 
RITES, New Delhi, India 

ABSTRACT : The integration of various modes of transport is vital to the viability of the 
project because a large number of people using MRTS will not be living and destined within 
the generally acceptable walking distance of MRST station. Large proportion of MRST users 
will come and disperse to and from the station by public, hired and private modes, for which it 
is necessary to provide integration facilities at stations to ensure quick and convenient 
transfer. The various modes of transport are required to be integrated in such a way that each 
mode supplements the other. Assessment of parking requirement for the coinniuter demand at 
the MRT is a difficult and sensitive job. Difficult, because getting to estimate the modal split 
of the feeder trips requires very detailed analysis and sensitive because the acquisition of land 
will be based on the demand estimated. Delhi where the population is growing at a fast pace 
and there being scarcity of land, acquiring land for tlie purpose of traffic integration requires 
justification on the basis of a mathematical model. T ~ L I S  a need to develop a parking   no del 
was felt. The interchange mode depends on the distance of the interchange trip and 
availability of modes. The distribution of interchange trips is an output of the assignement 
model developed to get the ridership on the MRTS. Tlie relationship between distance and 
mode of tlie interchange trip was worked out. One of tlie most critical estimates is the 
proportion of walk, especially when it is a high proportion. Tlie allocation between other 
modes is less critical, as parking requirements partly compensate. Tlie data from Stated 
Preferences Survey revealed that only 6 YO of travellers found i t  acceptable to walk more that, 
1 ,  000 meters. This distribution was used for further analysis. Availability of modes depends 
011 the trip end and station locality. Private modes are only available at tlie production trip end 
(i.e. home). Certain hired modes are not available at all stations, and this was also been taken 
into account. The commuters were divide into vehicle owning and non-vehicle owning. Tlie 
vehicle owning decision tree is only available to travellers from non-vehicle owning 
households and to all trip attractions. The hired modes are further split between taxi, auto 
rickshaw and cycle rickshaw. While the split is based on estimated ratios, i t  may be noted that 
fhe  area requirement is not particularly sensitive to the exact ratios, as an increase in the area a 
tlie area requirement of one mode is partly offset bi. a decrease of trips on road over the day to 
obtain a value for each hour. It  was also disaggregated by two purposes - work/education and 
other. Distributions of parking times (between outward and return trips) were also assigned by 
trip purpose. with work/education having a longer average stay than other. The model 
performed a Furness-type procedure to obtain agreement between the arrivaVdeparture 
profjles and the parking times. Vehicle occupancy and area required per mode further formed 
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input to tlie model. The area rates include an allowance for circulation, but in some cases 
different areas may be needed, depending on the specific site layout. For buses, in particular, 
tlie type of operation will affect the area requirement. Turn-round time will depend on the 
passenger and driver facilities, the number of services using a bay, intensity of operation, 
provision of pedestrian bridges or underpasses to stances, etc. 

1 INTRODUCTION 

The integration of various modes of 
transport is \iital to the viability of the 
project because a large number of people 
using MRS‘T \vi l l  not be living and 
destined within the generally acceptable 
walking distance of MRST station. Large 
proportion of MRST users will come and 
disperse to and from the station by public. 
hired and private ~iiocies, for whjcli it is 
lie c e s s ar y to pro Ili d e i 11 t e g ra t i o 11 fix i 1 it i e L 

at btations to ensure quick and convenient 
transfer. ‘The iwious inodes of transport 
are required tri  hi. integrated in  srich a way  
that each iiio~lc siippleinents the other. 
Assessme~t  of‘ parking requirement for the 
commuter deiiiaiid at the MRT is a difficult 
an cl sc 11 s i:i ve j o b. D i fFi c U 1 t , because get t i iig 
to estimate the niocial split of he feeder 
trips requires very detailed analysis and 
sensitive because the acquisition of land 
will  be based on the demand estimated. 

2 MASS RAPID TRANSPORT SYSTEM 
FOR DELHI - MODIFIED FIRST 
P 1-1. AS E. 

Delhi, the capitai of India has a population 
01. about twelve niiliion in 1999, which is 
liliely to illcrease to thirteen iuillion by tlie 
year 3001. The city is dependent on iiieaiis 
of buses only 3s niass transpon. Surveys 
conducted in 1994 indicated that b u x -  s are 
catering to aromd 62 ?b of the total 
veliiculm trips and t!ie residmi 38 3’0 trips 

are catered 13) prilrate modes. ’The 
Governiiicnt o!’ India has receiitly apprwed 
iiiiplemmtatio!i of a Mass Rapid Transport 
Systwi for the city. The Modified First 
Phase of the system consist of a network of 
55.3 k m  as shown in  figure 1 .  

Delhi where the population is growing at a 
fast pace arid there being scarcity 01. land, 
acquiring land for the purpose of traffic 
iiitegratioii requires justification on the 
basis of a mathematical model. Th~is a 
need to develop a parking model was felt. 

3 CONCEPT OF TRANSPORT 
INTEGRATION 

The integration of’ various modes of 
transport is vital to tiic Ltiability of the 
prc)ject because a large nuinber of people 
using MRTS will not be likiig and 
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destined within the generally acceptable 
walking distance of' MR'I'S station. Large 
importion of M R I  S users will coiiie aiid 
dispersc to and from the station by prtblic, 
hired and private modes, for uhich i t  is 
mxessary to provide integration facilities 
at stations to ensure quick and convenient 
transfer. 'l'lie various n~odes  of transport 
are required to be integrated in such a way 
that each mode supplements the other. 

3.1 Types Of Trips. 

Two types of trips havz been corisidered : 

a) Walk Trip 

Those coiiiniuters who would walk from 
their origin to the station and walk from the 
station to the destiiiatioii fall under this 
category. An percentage of thc total trips 
that would \valk to and ii-om the station 
have been assumed for  each station, based 
on the catchment area aiid the landuse. 
Necessary pedestrian path and circulation 
area is required to be plaiined for these 
c 0 111 l l l U  t ers . 

'* 4 1% 1% m 
im R 

W 1  

Ra 

l:zI 

b) Feeder Trip 

Those conimuters who would avail 
feededoii line buses, hired or private mode 
to  aiid from the nearest MRTS station fall 
under this category. The modal split for 
each station has been worked for these 
trips, based on the existing iiiodal choice 
and landuse. Parking and circulation space 
is required to be planned for these modes. 

-3.2 Planning Parameter 

Planning of' station area varies from 
locatioii to location depending upon the 
site conditioiis, landuse, access facilities 

etc. However in  order to arrive at realistic 
parking area reqiiireiiieiit at each station, an 
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effort has been made to evolve a set of' 
assumptions. [Reference 11. 
The assumptions are based on past studies, 
field studies undertaken and by discussion 
amongst various planners. The number of 
vehicles aiid parking area requirenient is 
very sensitive to these planning 
parameters, particularly when high 
proportion of walk trips Lire assumed. 

'The various planning parameters used for 
the present analysis are : 

a) Modal Split 
b) Parking Duration / 'Turnaround Tiine 
c) Passenger Occupancy 
d) Parking Standards (including 

circulation). 

3.3 Modal Split 

3.3.1 The interchange mode depends on the 
distance of the interchange trip and 
availability of modes. The distribution 
of interchange trips was taken directly 
from the assignment model. 

3.3.2 The relationship between distance 
and mode of the interchange trip is set 
out in  Table 1 to Table 4. One of the 
most critical estimates is the proportion 
of walk, especially Itlien i t  is a high 
prqortion. The allocation between 
other modes is less critical, as parking 
requirements partly compensate. The 
Stated Preference Survey ( 1  998) 
revealed tint only 6 YO of travellers 
foiind it acceptable to wa!k more that 1,  
000 meters. The cut-off at 1, 000 meters 
in the Figures is ail approximation. 

3.3.3 Availability of modes depends on the 
trip end and station locality. Private 
modes are only available at the 

production trip end (i.e. home). Certain 
hired iiiodes are not available at all 
stations, aiid this has also been taken 
into account. 

3.3.4 Figure 2 indicates the mode decision 
trec. The vehicie owning decision tree is 
only wailable to travellers from vehicle 
owning households and to all trip 
attractions. 

3.3.5 'The hired iiiodes are further split 
between taxi, auto rickshaw and cycle 
rickshaw. While the split is based on 
estimated ratios, i t  inay be noted that the 
area requirement is not particularly 
sensitive to the exact ratios, as an 
increase in the area requirement of one 
mode is partly offset by a decrease in  
that of another mode. 

3.3.6 The arrival/departure profile was 
obtained from the survey conducted by 
RITES and disaggregated where 
necessary to obtain a value for each 
hour, as in Table 5. It  was first 
disaggregated into two purposes - 

1 / \  
w 4  uba W& Qhr 

TPbkS Wtt d MRT SMbar 
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workleducation and other - and then into 
separate arrival and departure profiles 
for each mode, using professional 
j U d g e ni e n t . 

Mode 

Cycle R i d h a w  

Aulo Richhaw 

3.4 Parking Duration 

PMDprrtktn,* 

5 

10 

3.4.1 Distributions of parking times 
(between outward and return trips) were 
also assigned by trip purpose, with 
\vork/education having a longer average 
stay thm other. These were again based 
011 j Lidgeinent and Iocai experience. The 
distributioiis are given in Table 6 and 7. 
The inodel performed a Furness-type 
procedure to obtain agreement between 

Taxi 

&Is 

the arrival/departure profiles and 
parlting times. 

15 

5 

Duration 
(hours) 

1 

2 

3 

4 

5 

6 

I 

8 

9 

10 

'Total 

- -  

Trip Distribution 

work 

100% 

Other 

0 % 

5 ?h 

20% 

25% 

25% 

15% 

5?,b 

5 o/i 

090 

0 oio 

1 WJ% 

the 

3.5 Vehicle Occupancies for Interchange 
Trips. 

3.5.1 I n  order to convert passenger trips to 
vehicle trips, occupancy rates were 
defined in Table 8. These were 
considered to be preferable to using 
traffic counts because the latter do not 
apply specifically to occupancies of 
inter c h ang e s t r i p s. 

3.6 Parking Standards 

3.6.1 The area rates include an allowance 
for circulation, but in  some cases 
different areas may be needed, 
depending on the specific site layout. 
These are shown in Table 9. For buses, 
in  particular, the type of operation will 
affect the area requirement. Turn-round 

Table 9 .4ma Required by h lude fur Parkircg w d  Cirmlntion 

hfodt Parking Area (Sqm) 

Cyde 1.5 

Cycle Kidshaw 3.0 

WQde 2.5 

Auto Rickshaw 

Taxi 

5.0 

30 

BUS 200 
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time will depend on the passenger and 
driver facilities, tlie nuniber of services 
using a bay, intensity of operation, 
provision of pedestrian bridges or 
underpasses to stances, etc. 

4. RESULTS 

4.1 The results for tlie Parking requirement 
show that for tlie Metro Corridor, 
Vishwa Vidyalaya and Pate1 Cliowk 
stations are inter,ded to be the 
interchange stations w i t h area 
requireinent of 22000 and 9000 sq.m 
respectively for the year 2021. 
Sliahadara station of the rail corridor 
would require the niaxiniuni area of 
43000 sq.m and ISBT, tlie interchange 
station, would need around 4300 sq.m 
of area for plaiiiiiiig integration facility. 

5 PRIORITIES 

5.1 Private car requires considerably more 
time-space per passenger than any other 
mode, due partly to its long turn-round 
time. It is worth considering to what 
degree car should be catered for, 
especially when space is limited. Relief 
to the road network may also be small 
in some cases. 

5.2 Where available land is !ess than that 
required, tlie following priority 
reductions are recommended (Table 1 O}, 
unless local considerations dictate 
o t h e w  i se . 

6 SUMMING UP 

6.1 Provision of Integration facilities is 
vital for the success of any MRTS 
p roj ec t . 

Bus 

fade 

Motorcyde 

Cyde Rickhaw 

Auto Rickshaw 

CarRaxi 

100% 

60%1M)% 

60%100% 

60%- 100% 

60% 100% 

1 O%SO% 

6.2 The requirement of area for integration 
facilities is sensitive to tlie modal split 
by which commuters would be 
approach i ng t h e s t a t i on s , 

6.3 As per the opinion of the commuters, 
the acceptable walking distance is 
between 500 to 1000 111. 

6.4 Vehicle owners have a choice of 
private, hired niodes and public 
transport mode at the origin end only 
hired and public transport at the 
destination end whereas non-vehicle 
owners have a choice of only hired 
modes and public transport mode at the 
both ends. 

6.5 Model showed that niaxiniuni area of 
22000 s q m  is required in  2021 at 
Shahatiara station and on the metro 
corridor , w l i  ic 11 
would serve as main interchange station, 
would require 4300 sc1.m in  202 1 .  

V i s 11 w a V id y a 1 ay a, 

6 6 As tlie area required for integration is a 
generally more that the supply, there is a 
need to prioritise the allocation, in 
which preference should be for public 
transport. 
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Propuesta de politica de estacionamiento en zonas residenciales de la Ciudad 
de Sancti Spiritus 
Proposal of parking policy in residential areas of Sancti Spiritus 
Proposition de politique de stationnement dans zones residentielles de la ville 
de Sancti Spiritus 

Ren6 A.Garcia Depestre 
Cuartel sln esq. Alfred0 Herna'ndez, Sancti Spiritus, Cuba 

Resumen: 

El indice de motorizacion crece cada dia y la situacion que presenta el 
estacionamiento techado en la mayoria de las ciudades es comun, 
caracterizada por el deficit. Una acertada politica de estacionamiento unido a 
medidas y regulaciones contribuirian a mejorar 10s efectos sobre el medio. 

Summary: 

The rate motorization s in creasing every day and the situation that present 
parking indoors is common in most of ther cittes characterized by deficit. An 
fitted parking police joined to measures and regulations will contribute to 
decrase the consequense over environment. 

Resume: 

Le indide de motorisation aumente tous les jours et la situation de 
stationnement coubert dans beacoups de villes est commun caracterise par le 
deficit. Une politique opportune de stationnement avec arrangement et 
regutaristation aide a faire meilleur les effects sur le environnement. 
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En el siglo XX nace con la presencia de un nuevo elernento que revoluciona en 
su totalidad el sisterna de transporte terrestre "el vehiculo automotor". AI 
principio eran escasas y sus velocidades no superaban las que desarrollaban 
10s tirados por anirnales, pero su nurnero crecio vertiginosarnente y con ello 10s 
conflictos y problernas. 10s que se agravan en la ciudades donde resulta rnas 
diflcil rnodificar la estructura de las vias. asi corno de las instalaciones de 
apoyo a1 transporte y conviven vehiculos y peatones. 

Podernos asegurar que una de las dificultades que hoy presenta el transporte 
automotor es el estacionarniento dad0 su nurnero creciente y la escasa 
construccion de estacionarnientos techados 

La situacion de 10s estacionarnientos en general para todas las ciudades esta 
caracterizada por una ausencia casi total de 10s rnisrnos en 10s centros de 
ciudades y zonas netarnente residenciales. Estando ubicado los rnismos en 
areas propias de viviendas o colindantes a ellas y en las vias (generalrnente de 
servicio), el primer caso se ha afectado considerablernente por la problernatica 
de la vivienda en el decursar de 10s arios tales corno carnbios de us0 de 
estacionarnientos a viviendas. nuevas construcciones. arnpliaciones U otros 
usos; en el segundo caso se rnantiene y con el tiernpo se incrernenta su us0 
corno estacionarniento con 10s riesgos que irnplica dejar vehiculos en la via 
publica y el deterioro por el internperisrno. 

No se puede analizar el estacionarniento de vehiculos en una ciudad sin 
analizar la rnotorizacion y luego de un analisis se cornprueba que existe una 
fuerte tendencia al increment0 a nivel rnundial. En Cuba esta cuwa presenta 
una fuerte disrninucion en la decada del 60 resultados del proceso de 
transforrnacion que genera grandes presiones econornicas: a partir del aiio 70 
cornienza el ascenso a pesar de las serias restricciones y lirnitaciones el cual 
se detuvo en el ario 92 y continua avanzando lentarnente a partir del 96 La 
ciudad que analizarnos no esta ajena a 10 explicado anterionente y en la 
actualidad presenta un bajo indice de vehiculos por cada rnil habitantes. 

Otros elernento de gran irnportancia en el presente estudio es la edad del 
parque autornotor, el que luego de la recopilacion de inforrnacion se obtiene 
que el 49% de 10s vehiculos tienen rnas de 30 arios, el 7% del parque existente 
tiene entre 30 y 15 aiios de explotacion y 10s enrnarcados entre 15 y 5 arios 
representan el 41% de 10s vehiculos actuales, siendo et resto (3%) 10s que 
tienen hasta 5 arios. 

La situacion de 10s estacionarnientos en la ciudad de Sancti Spiritus no es 
distinta a 10 cornentado de forrna general, pero es necesario detallar y luego de 
su estudio se detecto: 

- Dentro de la trarna tradicional y en zonas residenciales 10s 
estacionarnientos techados se han transformado en nuevas viviendas o 
arnpliaciones. 

- Las edificaciones destinadas al estacionarniento han sido transformadas en 
alrnacenes, talleres y otros usos. 

- Las nuevas instalaciones adrninistrativas. sociales y cornerciales carecen 
por 10 general de areas destinadas a1 estacionarniento. 

- Los proyectos de edificios rnultifarniliares en ningun caso conternplan la 
construcci6n de estacionarnientos en plantas bajas o sotanos. 

- En las nuevas urbanizaciones se han utilizado bajos indices de 
rnotorizacion para prever el estacionarniento futuro. 

~ Se estaciona en las vias principales y de servicio al existir pocos 
estacionarnientos en todas las zonas. 

~ Construccion de estacionarniento de variada tipologia en las zonas 
residenciales de edificios rnultifarniliares por parte de 10s propietarios. 

- En la zona del centro historic0 urbano se transforrnan las edificaciones para 
facilitar estacionar 10s vehiculos con la perdida de 10s valores 
arquitectonicos que ello irnplica. 

Todo 10 anterior lleva a la conclusion de que existe un deficit de este servicio a 
nivel de ciudad, desarrollando cada propietano iniclativas en dependencia de la 

524 



zona de residencia con la afectacion del entorno y del rnedio, adernas de 
utilizar la via publica para estacionar, con la afectacion que esto genera a la 
corrtente vehicular y a 10s peatones, con alta potencialidad para la ocurrencta 
de acctdentes del transit0 especialrnente con 10s peatones. 

Corno una rnuestra de 10 anterior el por ciento de vehiculos con 
estacionarniento en la zona. que tncluye el centro historic0 urbano. es de 14 y 
en la zona de edificios rnultifarniliares alcanza el 16. Estos datos nos indican 
que es necesario una accion que perrnita el increment0 del estacionarniento. 
per0 no de forrna espontanea y anarquica corno hasta la fecha. para dar mayor 
proteccion a 10s vehiculos y rnejorar el arnbiente urbano donde vive el hornbre. 

El proyecto urbanistico de la zona residencial de edificios rnultifarniltares se 
trabajo con 40 vehiculos por cada rnil habitantes para estacionarntentos fuera 
de la via pero ninguno techado. hov de ha superado este tndicador existiendo 
un deficit y 10s propietarios han construido estacionarnientos sin regulaciones 
urbanas y se propone en esta zona la construccion de baterias de 
estacionarniento en areas libres anexando variantes de solucion y unido a 
regulaciones y rnedidas contribuirian a disrninuir 10s efectos de 10s vehiculos 
sobre el rnedio y a la tranquilidad de 10s propietarios. 
La situacion en el centro historic0 urbano es distinta a la analizada 
anteriorrnente al ser practicarnente nula la cantidad de areas libres y donde se 
concentran 10s servicios que a su vez son generadores de estacionarnientos, 
aunque en rnuchos casos de corta duracion, estando tarnbien entre las causas 
del estacionamiento. trabajo, descanso y diversiones. En esta zona se estudio 
la posibilidad de crear estacionarntentos que brinden servtcio de forrna 
colectiva. pudiendo dedicarse en horas laborales a prestar servicio a ernpresas 
e instituciones y durante el resto del dia a 10s visitantes y usuarios de las 
instalaciones centrales, logrando incrernentar el numero de plazas de 
estacionarniento con el carnbio de us0 de edificaciones, pero aun no satisfacen 
la dernanda y siernpre tendrernos que recurrir al estacionarniento en la via. 

Con el presente trabajo no se pretende agotar el terna tratado per0 si en la 
necesidad de pensar en este fenorneno con su problernatrca actual y dejar 
posibilidades para la solucion del rnisrno a largo plazo 

Ejernptos negativos por falta de prevision con relacion a 10s estacionarnientos 
puede ser cornun en rnuchas ciudades y lograriarnos resolver la problernatica 
sobre la base de grandes afectaciones y soluciones cornplejas sobre vias en 
rnas de un carril. sobre isletas. aceras y parterres 

En el caso presentado tal situacion se haria rnas cornpleja al no contar con 
secciones que soporten 10 anterior; per0 a nivel de ciudad no existen problernas 
con el estacionarniento al aire libre 

La solucion presentada en arnbas zonas llevan una inversion tnictal pero la 
rnisrna es recuperada en corto espacio de tternpo y perrnitira ahorro de 
recursos en el mantenimiento del vehiculo. Es necesario destacar que el 
resultado se puede extrapolar a otras zonas de la ciudad o terrttono y se 
rnultiplicaria el efecto teniendo en cuenta la edad del parque autornotor, 
rnejorando tarnbien el habitat. 
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Urban transport and environment: Why have urban highways no service roads? 
Transports urbains et l’environnement: un propos de rkconsidkrer le dessin gkometrique 
des autoroutes wbaines 

M.de Langen 
Institute for Infrastructural, Hydraulic and Environmental Engineering, Delft, Netherlands 

ABSTRACT: Effective instruments to reduce the growth of the environmental damage created by urban 
traffic, or to even roll it back, are in scarce supply. This is particularly so in the large cities of the developing 
world, among other reasons because of their seemingly uncontrollable expansion over vast areas. Is it 
possible that, rather than being a very welcome relief of urban traffic congestion, urban highway systems, 
by the way they are designed, fuel environmentally unsustainable transport system developments? 

&SUMEE: Instruments effectieves pour rkduir, ou meme redresser, le dktruit de l’environnement par le 
traffic urbain sont rare, en particulier dans les grandes villes des pays en dkvelopement. Selon les causes, il 
semble que l’expansion mal controlke du territoire urbain joue un r6le important. Serait-il possible que, loin 
d’etre un soulagement, les rkseau d’ autoroutes urbains, par leur dessin gkometrique, pavent la route vers un 
syst&me des transports urbains insupportable du point de vue de l’environnement? 

1. INTRODUCTION 

The negative impact of urban traffic on the 
environmental quality of large developing cities is 
impossible to ignore. The air pollution, noise and 
land-hunger of traffic has created adverse 
environmental conditions in many cities. Well 
documented and debated as the problem by now 
is, the search for effective instruments to control 
and then gradually undo the environmental 
degradation in our cities has so far been highly 
elusive. Partly because of the mere scale of the 
worst affected cities, such as the city that hosts this 
CODATU conference, Mexico city. But to a large 
extent also because the portfolio of feasible 6nd 
effective instruments appears to be too small. 

This paper contains a brief communication, 
concerning one simplified line of argument only. 
The purpose of the paper is to trigger reflection by 
colleagues, and reactions, concerning one simple 
question: why are urban highways (with vehicle 
entrylexit points via grade separated intersections 
only) almost invariably designed without service 
roads for plot access along their entire length, 
without parallel pedestrian (and where relevant 
cycling) tracks, and without parallel busways (or 
LRT) providing easy access by public transport 
along the entire road? 

Urban highways without direct plot access and 
grade separated intersections are a quite recent 
development. They only became popular with the 

rise of private car use and “sub-urbanization” thirty 
years ago, and were in fact indispensable instru- 
ments to make it happen. 
Without these highways, that type of development 
would not have been possible, and urban form 
totally different, as is still clear from looking at 
those urban areas where urban highways and ring 
roads were not built, and those that were largely 
formed before 1960. 

Undoubtedly, urban freeways have great merits 
for efficient urban traffic circulation over longer 
distances within the same urban area. But there is 
an afterthought that becomes more and more 
prominent as cities change form, and urban activity 
location patterns and activity location choices 
become more and more dispersed: what about 
“generated traffic”? (Todd Litman, 1999). 

By the way urban highways are now commonly 
designed they only function as a way of reducing 
travel time by car between origins and destinations 
that are increasingly further away from each other, 
and are conceived as a kind of “short-circuiting” 
(between separated locations), whereby the land 
in-between is jumped over and has no direct 
relation to the road. 

However, in practice, “visibility” from an urban 
highway is becoming a more and more valued 
business location factor. But the actual access is 
only possible with significant detours, which are 
not so much of a problem for car trips, but 
completely spoil the accessibility by NMT and 
public transport. 
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2. A SEARCH FOR INSTRUMENTS THAT 
CREATE EFFICIENT ClTY STRUCTURES, 
REQUIRING A MLNIMUM AMOUNT OF 
TRAFFIC. 

Urban corridors with service roads? 
- a thought experiment - 

1. Negative environmental effects of urban 

:a) cleaner vehicle engines, 
:b) a modal shift to public transport or cycling, 
rc) reduced trip distances. 

traffic can be controlled by: 

2. Focussing on reduced trip distances: 
land-use control through permits and 
regulations does not work in most cities, 
what else can be tried? 

3.  Urban form (the land-use market) does 
not develop towards an attractive long-term 
system configuration in response to “free 
market” choices of individual actors alone. 

4. Current transport prices are wrong. 

5. Traditional attempts to change those prices 
through taxes (e.g. on fuel) and subsidies 
(e.g. to public transport) have a disappointingly 
weak effect on urban form. 
Considering the implicit price policy of not 
supplying, or limiting the supply of, certain 
transport products may be much more effective. 

6. The main urban road corridors are the most 
difficult, and influential, animals. 
How to use their supply? 

7. Consider an urban corridor concept based on 
good direct access and business activity locatior 
along the entire length of the road, provided by 
means of separate service roads that also 
enable good NMT mobility, and combined 
with a separated busway network in the corridoi 

8. Explain why the line of argument above is 
wrong, and investigate how sound the reasons 
why it is wrong are themselves. 

The line of argument presented in the opposite 
table and further explained below may at some 
transitions surprise, and might upon further 
reflection require change. But let us first try to 
follow its sequence, as a thought experiment. 

2.1. The main policy categories that are applicable 
to reduce the negative environmental effects of 
traffic are, in principle: 
(i) a reduction of emissions per vehicle -better 
engines, cleaner fuel, more silent engines (partly 
also a change in the location of the environmental 
impact, e.g. electric vehicles), 
(ii) a shift towards modes of transport with a lower 
pollution per personkm - urban cycling, walking, 
public transport vehicles with a high occupancy, 
(iii) a change in land-use and activity-location 
patterns that leads to shorter trip distances and 
enables more pedestrian and cycle trips and more 
public transport trips in high occupancy corridors. 

2.2. Concentrating on (iii) above: in practice, 
instruments that trigger more environmentally 
sustainable urban land-use and activity-location 
patterns appear to be either absent or ineffective in 
most countries. Most big cities grow in a largely 
uncontrolled manner, and controlling land-use 
developments through government regulations 
appears to be almost impossible, apart from in a 
few countries with highly professional andor 
powerful public government administrations. 
Accepting the reality that land-use plan 
implementation through the traditional concept of 
regulated building/activity permits and public land 
development and land-pricing policies does not 
work in most places, what instruments are left? 

2.3. In an attempt to find new public government 
instruments, maybe the issue has to be re-phrased 
first. It is inaccurate to state that land-use 
instruments are missing or ineffective. Many 
instruments are available to private parties, the 
most straight forward being to buy land and 
develop it. The collective problem is that urban 
expansion is a typical example of a market where 
the choices made by individual private parties 
(households, businesses, investors) may be logical 
from the point of view of the immediate effects for 
individual decision maker involved, but do not 
lead to a public (collective) optimum. Nor may 
they be in the best long-term interest of the 
individual decision makers. On the contrary, what 
results is an inferior urban transport system 
configuration. In many countries, despite reported 
government policies to one way or another achieve 
the opposite, the length of trips made in the urban 
area between all kinds of activity locations (home, 
work, schools, shops, markets, entertainment, 
family and friends) grows. As a result of and 
resulting in (both cause and effect) increasing trip 
distance the share of private car traffic and private 
motorscooter traffic increases more and more, 
supported by an increasing income. 
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The pressure to -as a government- build more 
and more roads to resolve the traffic jams is 
powerful and effective. 

2.4. From an abstract economic policy point of 
view one could say that if market forces lead to 
non-optimal developments, the prices that steer 
that development are wrong. For a moment 
playing with the assumption that individual 
decision makers decide to do what is in their own 
immediate best interest, and that they make no big 
errors in that respect: which prices are wrong that 
brought urban transport on a collision course with 
the safeguarding of an attractive urban 
environment? A slightly less optimistic additional 
question is: what is the role of “push off’ effects 
between population groups with unequal economic 
and social powers? Is there a problem of equal 
prices but grossly unequal purchasing power? 
(less optimistic since suggesting that there is no 
general public interest but winners and losers). 
Forgetting about the finesses of the answers to 
these questions, the ball-park is: transport prices 
are wrong. 

2.5. Transport “prices” are broadly composed of 
three elements: (a) the financial cost (price of the 
vehicle, of the bus ticket, fuel, the bicycle, shoes), 
(b) the travel time, and (c) how pleasant or 
unpleasant the trip is (including the risks that one 
is exposed to). 

Urban modal split studies have been carried out 
in large numbers during the last twenty-five years. 
What they seem to indicate is that the higher 
incomes are, the more transport costs become 
unimportant as a determinant of modal choice and 
the more the perceived attractiveness of the various 
modes of transport becomes decisive, more also 
than travel time. Moreover the percentage of the 
modal choice that can be explained by objectively 
measurable and predictable variables such as travel 
costs and time turned out to be disappointingly low 
in many models, which in a way confirmed the 
lack of traditional transport policy instruments to 
really influence the persistent shift towards longer 
travel distances and a higher share of private car 
traffic. 

One feature also emerged clearly from the urban 
modal split studies: the most important explanatory 
variable is in fact the range of available alternatives 
to chose from. Unavailable alternatives cannot be 
selected. This sounds as a wide open door. But it 
can also be interpreted differently. The range of 
alternative “products” that a consumer can chose 
from is also an aspect of the price policy. The 
success of many commercial firms partly lies in 
eliminating the availability of alternative choices. 
Travel demand management is in fact just that. But 
so far the widely praised example of Singapore has 
not been seriously copied in many other cities, or 
enriched by new travel demand management 
concepts. 

Yet it is an important field for reflection: what 
options does the government as supplier of 
transport infrastructure have to offer or not offer 
certain travel alternatives, by supplying or not 
supplying the corresponding infrastructure, in 
order to pursue wider public interests. 

It is interesting to quote the example of India 
here. For three decades years the national govern- 
ment of India (its planning commission) has 
purposely minimized the growth of private car use 
in the country, by simply allocating very little 
money to the construction of roads that would 
allow massive urban and peri-urban car use. This 
policy only started to change a decade ago, and has 
now changed completely, accelerated by a change 
of government (the political parties in power). The 
recent change in urban transport policies in China 
is similar, although attempts are being made here 
and there to avoid the worst consequences 
(Zhenyao Chen, 1988). 

2.6. Is it possible to adapt the supply of urban 
transport infrastructure in such a way that it only 
concentrates on assuring the availability of travel 
alternatives that support a sustainable urban travel 
system: a system that is in equilibrium with the 
financial, social and ecological carrying capacity of 
a city? 

At a small scale initiatives of this type already have 
started to emerge. For example, in thinking about 
urban traffic safety there is, in some high income 
countries, a shift towards the idea of “intrinsically 
safe” road design, which means a geometric road 
design that even without speed humps and the like 
makes it practically impossible for motorvehicles 
to reach a speed of more than 20-40 km per hour 
without exposing themselves to a serious risk of 
damage, at those points in the road network where 
such a speed limitation deemed desirable. So far 
that approach is limited to local neighbourhood 
traffic plans. Could it also be applied to the main 
urban road corridors? 

At the other side of the income spectrum, many 
very large low-income compounds in developing 
countries are intrinsically safe in a very low-cost 
manner: they have no paved roads for motor- 
vehicles inside. From a sound urban development 
point of view the challenge there seems more to 
strongly improve the NMT mobility within such 
areas and to enhance a better local activity balance 
(live, work, services, entertainment), than to 
“short-circuit” them to CBD’s (de Langen, 1999; 
de Langen and Tembele, 2000). 

But here as well as in high income urban areas, 
the main arterial corridors and ring-roads are the 
difficult problem. What can be done to shape those 
in such a manner that they support the 
development of a sustainable transport system, 
rather than the further growth of urban transport 
patterns that are increasingly unsustainable, 
economically, socially and environmentally. 
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2.7. This paper proposes to reflect on a urban road 
corridor design that has become more or less 
forgotten in the last decades: an urban corrzdor 
with separate parallel service roads. 

In high income countries, urban highways have 
been designed instead, when new major urban 
roads were constructed. In developing countries, 
often the available space in existing urban corridor 
reserves has been converted entirely to extra 
motorvehicle lanes, with the result that these 
arterials are becoming more and more difficult for 
those that walk, make the thought of cycling 
ludicrous, and make them more and more 
unattractive as business location. 

Could the redesign of the existing arterial road 
network into (less) motorvehicle transit lanes, 
dedicated public transport lanes (busways), and 
service roads (featuring wide walkways and a 
shared carriageway for low-speed motorvehicles - 
access to activities along the section only- and 
bicycles) work as an instrument to restore a better 
local balance between employment, services and 
residential housing throughout an urban area? The 
suggestion is based on the, casual, observation 
that parts of some cities where this road design can 
still be found (“boulevards”) appear to support a 
more even activity balance, generate less traffic 
and have a better environmental quality. 

The same casual observations suggest that 
currently old arterial city corridors with an intense 
activity mix are vulnerable to environmental 
degradation caused by transit traffic, because their 
original function receives no protection, but is 
often sacrificed to enable more long distance trips. 
In other words: to the supply of trip alternatives 
that are undesirable from a longer-tern macro 
perspective. Sacrificing such roads to increased 
commuting by car triggers a loss of attraction- for 
businesses and nearby residents, and thereby 
deteriorates the activity balance. This negative 
spiral has been at work in many large cities. 
Question: can the process also spiral in reverse? 

3. CONCLUSION 

The conversion of urban highway networks that 
the paper proposes to think about is: 

(a) redesign a significant number of existing 
urban arterials or highways into “boulevards” with 
properly dimensioned service roads, busways, and 
a maximum design speed on the remaining MT 
transit lanes of 50 k d h r .  Make them attractive as 
business location and for pedestrians -good access 
and an attractive environment- and unattractive for 
traffic that has no local origin or destination. And, 
simultaneously 

(b) increase the transit capacity of a small 
number of other arterials that are maintained as a 
core highway network with a limited number of 
nodes, but constraining their total capacity to no 
more than 10-15% of the total peak trip demand in 
the urban area. By doing this, urban “islands” of 
10-20 km2 will be created without significant 
transit traffic inside. 

This paper is only a thought experiment. 
Contributions to a debate of its weaknesses and 
strengths are very welcome. The proposed most 
effective way of conducting such a debate is to list 
all the reasons why the whole idea and line of 
argument is wrong, followed by a critical 
investigation of how convincing all those reasons 
are themselves. 
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Car parlung policy issues and guidance information systems in Nigerian Cities: 
Case study of Metropolitan Lagos 
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ABSTRACT : It is the main objective of this paper, to formulate a framework, informed by a systematic 
appraisal of car parking policy issues concerning Nigeria’s most densely populated, built - up and 
economic/industrial nerve center; and which is appropriate in terms of response to the dynamic 
interrelationship between demand for, and supply of parking facilities over time, in Lagos. In recognition 
of the fact that available information is characterized by a complex and multi-dimensional nature, the 
presentation proposes an integration of geographiclguidance information and artificial intelligence 
systems and mechanisms, as a decision support technology, designed to provide a means of 
automating certain reasoning types, associated with car parking systems’ management. 
Analytical results obtained and discussed in the paper indicate that the problems of car parking in 
metropolitan Lagos are best addressed through continuous estimation of parking needs based on 
artificial intelligence aided techniques. In addition, the optimum utilization of all existing parking facilities 
can be promoted through regular maintenance, efficient management legislation and conducive 
enforcement environment, coupled with enlightenment and traffic - issues - related - education. 

1 .O. INTRODUCTION 

All over the world, the growth of private car use 
has brought in its trail, the need for more efficient 
uses of available road spaces, by both moving 
and parked vehicles. Indeed, as pointed out 
elsewhere, (Oni, 1992) the need to control the 
use of road space by vehicles parked on both 
long and short term basis, constitutes one of the 
earliest indicators of increased vehicle 
ownership and use. Invariably, the control of 
parked vehicles by imposing restrictions on how, 
when and where vehicles can be parked is often 
a complementary development. In addition, the 
costs, monetary and opportunities of being able 
to park, as well as where vehicles can be loaded 
and unloaded must be continuously taken into 
account. It is now a widely acknowledged fact, 
(Oni, 1998), that whilst control over the parking 
of vehicles can be applied in isolation of other 
policy matters, it is most effective as part of a 
comprehensive traffic management programme 
(Oni, 1998). Furthermore, although it is possible, 
in principle, to prohibit parking in one street or 

part of a street in isolation, parking control as an 
instrument of policy is best applied within a 
comprehensive scheme of parking restrictions 
over the entire extent of a city. When due 
recognition is therefore given to the fact that car 
parks are integrated and functional component 
parts of the urban landscape, it becomes 
evident, that the car parking policies presently in 
place in Lagos, Nigeria, which are characterized 
by apparent ad-hoc and piece-meal formulation 
and implementation, require a systematic and 
informed review, if the car problems in Lagos 
metropolis are to receive long term solutions. It is 
this problem which this presentation sets out to 
address, in the light of extensive surveys, whose 
results indicate that there is an undesirable level 
of limited coordination between the various 
agencies involved, at the different levels of 
Government, with car - parking policy issues; the 
surveys further revealed that hereto, investments 
in parking facilities were neither systematic nor 
coordinated, with the overall result that there is a 
complete absence of an articulate parking policy 
associated with metropolitan Lagos. To the 
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identified end of this paper, attention is focused 
on a scheme, which proposes an integration of 
geographidguidance information and artificial 
intelligence systems and mechanisms as the 
framework for the formulation of a 
comprehensive and effective car parking policy, 
designed to provide a long - term and flexible 
solution to the parking problems of Lagos 
Metropolis. 

2.0 THE PROBLEM 

In Metropolitan Lagos, the most critical problem 
faced by parking policy formulation and 
implementation is that concerning the excessive 
volume of parking-search-traffic. Problems of 
environmental degradation and traffic congestion 
caused by parking-search traffic have attracted 
little attention in metropolitan Lagos. It is 
consequently clear that there is a need for a 
system, designed to provide drivers with up-to- 
date information about the location of, and 
direction to available parking spaces, as a 
means of improving the efficiency of the use of 
the parking stock, occasioned in part, by 
associated reduction of the amount of parking 
search traffic. Parking guidance and information 
systems of the automatic/semi-automatic variety 
appears to be most suited, in that connection. 
In Nigeria’s former Federal capital, which is still 
the commercial and industrial nerve centre, as 
well as the most rapidly growing and densely 
populated state, there is hardly any clear 
definition of responsibilities between the various 
agencies responsible for the planning, 
development and management of parking 
facilities. Presently, they include the Federal 
Ministry of Transport, the Lagos State Ministry of 
Transport, Lagos State Parking Authority and 
the Lagos Island and Mainland Local 
Government Authorities. As a result, there exists 
a wide gap due to conflicting policy goals and 
objectives, and an undesirable, 
counterproductive overlap in some of their areas 
of responsibility. 

3.0. PARKING POLICY IN METRO-LAGOS 

In metro-Lagos, the local government authorities 
have always been neglected in 
preparation of the redevelopment schemes. The 
observation here is that in metro-Lagos, the 

the 

Parking policy is formulated on an ad-hoc basis 
by the Ministry of Works and Transport with 
inputs from other relevant bodies. The 
responsibility of implementing the parking policy 
rests with the State’s Ministry of Public 
Transport, Parking Authority and Local 
Government Councils. 
A general review of the existing policy/practice 
concerning the provision and planning of 
car parks shows the following features; 
a The policy and decision processes are treated 
as discrete decisions. 
z The existing policies appear to be formulated 
without a thorough understanding of the spatial 
parameters that bring about the need for 
parking. The policy issues are found in a piece- 
meal manner in different gazetteers and 
magazines. The related parking policy in metro- 
Lagos is contained in an haphazard manner in 
the following existing traffic and parking statutes 
and laws. 

Results from questionnaire interview (1 998) 
revealed the following: 
I) It is not the sole responsibility of the car 
parking authority to control and manage the 

whole parking affairs in metropolitan 
Lagos, as parking problems have an ecclectic 
and multi-dimensional characteristics. Right 
now, there is no parking scheme for the 
disadvantaged group- disabled and elderly 
people and no special (all-day) concessional 
parking scheme for certain professionals to park 
their vehicles. 

A better policy document on parking should 
focus on the following items: 
a Need for enforcement on parking provision for 
high rise buildings and high traffic generating 
land uses. 
3 Proper management of the existing car parks. 
a Strict application of the stipulated car parking 
standard requirements. 
3 Producing a comprehensive and updated car 
parking policy document. 

4.0 PARKING GUIDANCE INFORMATION 
SYSTEMS IN NIGERIAN CITIES 

The parking guidance information system 
provides drivers without local knowledge with the 
necessary information about one set of potential 
parking opportunities and drivers with nearly 
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complete local knowledge with the information 
necessary to update their perceptions of current 
network conditions. 
The imbalance between parking demand and 
capacity, the rapid increase in illegal parking, 
excessive volumes of parking search traffic and 
the amount of time wasted in a search have 
attracted the attention of the author of this thesis. 
The problems of environmental degradation and 
traffic congestion caused by parking search 
traffic is the focus of this section of the 
presentation, and could be addressed through 
the development and application of a new 
technology here referred to as parking guidance 
and information (PGI) systems. 
PGI systems aim to provide drivers with 
information on the location of, direction to, and 
the availability of parking spaces; and thereby 
encourage a more efficient use of the 
parking stock as well as reduce the amount of 
parking search traffic within an urban area. The 
success of PGI systems depends upon their 
design being based on a sound understanding 
of parking behaviour and of the likely response 
of drivers to the new forms of information. 
The concept of parking and of parking search 
strategy are crucial components for a fuller 
understanding of parking and its implications for 
travel behaviour. The scope of the empirical 
survey of PGI systems review in Nigerian Cities 
(Lagos) is confined to systems that provide 
parking information through roadside signs 
rather than by means of radio broadcasts, 
information boards and maps, or road markings. 
It was observed that Parking Systems cannot 
work efficiently without appropriate information 
on the location, type and availability of parking 
space. This information can be presented in 
many ways; examples of these are maps, 
information boards, radio broadcasts, road 
design, road signs and pavement markings 
(Young 1986a, 1987a). It is the contention of this 
paper that majority of motorists will drive in an 
orderlyand safe manner if they are provided 
with clear, reliable information and guidance. 

Disrespect and lack of obedience to traffic 
control devices are due to the lack of attention 
given to the design, application, installation and 
maintenance of parking facilities. 

5.O.CHARACTERISTICS OF PARKING 
INFORMATION SYSTEMS IN METRO-LAGOS 

The main findings of the parking information 
characteristics in the study area of interest here 
may be itemised as follows: 
(1) Information on the overall distribution of 
parking facilities are not provided; moreover the 
use of information boards is not common and 
where they are available, they are not placed at 
appropriate locations. These boards should 
normally be placed at the entrance to the area of 
interest and at strategic points throughout the 
area . 
(2) Hand held maps showing the distribution of 
parking facilities and the street networks are not 
provided and, in addition, sign posts showing the 
routes to parking places are not common 
features. 
(3) Comprehensive information on the location, 
cost and type of facilities as well as time 
restrictions are not made available. 
(4) In metro-Lagos, the parking direction 
information signs tend not to be provided 
throughout the extent of the road system, but are 
usually only found near the entrance to the 
parking facility and, in some cases, at major 
intersections near the parking facility. In most 
instances, parking authorities provide 
information at the entrance to the parking 
station. 
The main conclusion derivable from the Lagos 
Metro area survey relating to information 
requirements are : Oni, (1992) 
Existing PGI systems in the study area, in broad 
terms, do not provide drivers with the following 
important and necessary types of information on 
parking facilities:- location or name of the car 
park, direction or route to the car, current 
occupancy status of the car park. 

6.O.GEOGRAPHIC INFORMATION SYSTEMS 
(GW 

Applications of geographic information systems 
assist in focusing user's data acquisition 
activities, provide a framework for improving 
data storage and provide tools that can 
facilitate data management. They can also 
provide these users with analytic and reporting 
capabilities (including graphic production tools) 
that were unheard of 20 years ago. Most users 
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involved in geographic analysis want to see a 
map that contains information relevant to their 
application.With this increase in the volume of 
digital data, from a wide variety of agencies 
around the world, the issue of standard data 
formats becomes important. Intelligent 
acquisition, selective storage, manipulation, and 
analysis of these data will require advanced 
geographic information systems if we are not to 
drown in this sea of environmental data. In 
addition to advances in traditional computer 
technology, research groups around the world 
are looking at fields of artificial intelligence (.e.g. 
expert systems, natural language understanding 
and image understanding), to make geographic 
information systems more efficient and more 
friendly to users with limited comput literacy. 

7.0 TOWARDS SUSTAINABLE PARKING 
POLICIES 

Parking policies requires a multi-dimensional 
integrated effort. The paper therefore suggests 
that these other measures could be adopted; viz: 
Road users planning, Interactive planning ; 
Policy articulation - Self- designed, Self- 
determined, Self-renewing. 
 obtaining the consent and goodwill of the 
governedkitizen participation. 
s In Lagos, there is a need to consider the use 
of demand management measures to 
supplement other control measures. 
s Enabling environment should be established 
for full private sector participation that sees 
parking as serious financial investment which 
generates income and as such bringing efficient 
integration of parking information systems, 
s Referenda, public hearings and drivers’ 
meetings should be regular features of the 
system. 
s Safety of vehicles in parks and their 
maintenance should receive appropriate 
attention instead of the neglect they now suffer; 
s Data bank on parking facilities and effective 
monitoring is most desirable and should be 
established. Finally, proper inventory, efficient 
information systems, parking legislation, 
financing of parking facilities and adequate 
maintenance should be properly coordinated to 
give measures which will alleviate the parking 
problem. 

8.0. THE WAY FORWARD - SUMMARIZED 
SUGGESTIONS 

This paper suggests that the envisaged PGI 
systems can have an impact by : 
0 re-distributing parking demand between 
car parks 

car parks 
The available evidence, collated in this paper on 
the attitudes of Lagos drivers to 
guidance information (PGI), suggests that 
existing PGI systems: 

are recognised by a majority of drivers bus 
used by only a minority. 

have their greatest impact on innocent 
drivers and the least effect on experienced 
drivers. 
We are therefore led to conclude that enough 
emphasis is not placed on the provision of 
parking signs and information systems in the 
entire study area. Prominent parking signs 
should therefore be mounted on overhead 
gantries at all entry points. Furthermore, there is 
the identified need for well designed and highly 
maintained parking control devices at inter- 
sections. 

. alleviating queues at the most populated 

parking 

9.0. CONCLUSIONS 

This paper has shown that there appears to be 
a lack of emphasis in existing land-use transport 
and traffic models on the assessment of 
metropolitan Lagos parking policies. This is 
unfortunate since parking policy and 
management are an integral element of both 
transport planning and traffic management. 
A review has been carried out, on the parking 
policy development in metropolitan. Lagos 
following which the paper introduced the 
appreciation of computer knowledge for 
effective management decision making, and for 
managing as well providing parking guidance 
information system for a traffic-orderly urban 
society. Robotics, machine, artificial and 
computer-based intelligence systems are 
required and advocated in solving the 
problem of poor parking guidance information 
system in Lagos metropolis. This 
technique could also be adopted in other large 
Nigerian towns with complex 
transpotttraffic arrangement. In addition, it has 
also helped in identifying specific 
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recommendations regarding proper policy 
formulation in respect of the provision of suitable 
car parks in Lagos metropolitan areas. 
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Actions for reducing traffic congestion in the urban cities of Latin American 
countries 
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Latine 
Acciones para reducir la congesticin del transito urban0 en ciudades de Amkrica Latina 
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ABSTRACT: Traffic congestion in urban areas it’s a problem that is not enougt considerred in the cities Latin 
Americain countries. The mesurements used against traffic congestion in developed countries are applied in 
societies that are different in economical, political and social aspects. We think that the accurate identification 
and difision on the successful measurements could help to solve this problem. 

& S U a  La congestion du trafic dam les zones urbains est un probleme assez pue traite par les pays de 
1’Amerique latine. Les mesures utilise pour combattre la congestion dans les pays developpement est connu et 
applique pour societes qui ont caractkristiques differentes dans l’economique, culture1 et politique. Sa effi- 
cience nous le connaissons assez mal, ce par le quel on pue pas les utilise pour les cas latinoamericaine. Nous 
croissns que 1’ identification precise doivent permettre resoudre directement cet probleme. 

RESUMEN: La congestion del trhsito en las areas urbanas es un problema poco tratado en ciudades de pai- 
ses latinoamericanos. Las medidas utilizadas para combatir la congestion en paises desarrollados se conciben 
y se aplican en sociedades que difieren en 10 economico, cultural y politico. Su efectividad no se conocen 
bien, por 10 que no se puede determinar la necesidad de adoptarlos y adaptarlos a1 ambiente latinoamericano. 
Creemos que una identificacion precisa y la difusion de las medidas exitosas en otras latitudes, podra ayudar a 
resolver este problema. 

1 INTRODUCCION 

El presente document0 se inscribe dentro de una 
de las linea de trabajo del Centro de Investigacion en 
hgenieria del Transporte (CIITRA) organism0 de la 
Facultad de Ingenieria de la Universidad Autonoma 
del Estado de Mexico. El objetivo principal es el dar 
una descripcion de la problematica que presentan al- 
gunas ciudades importantes de latinoamerica sobre 
la congestion del transito en sus areas urbanas. PO- 
demos decir que se desconocen bastante mal las me- 
didas aplicadas por 10s paises ricos, por 10 que supo- 
nemos que algunas de las medidas utilizadas en 
estos paises pueden ser exitosas en ciudades de pai- 
ses en desarrollo. 

La utilizacion de estas medidas, con las adaptacio- 
lies propias de cada ciudad, permitiran reducciones 
irnportantes en 10s consunios de combustibles y por 
10 tanto disminucion de emisiones contaminantes a 
la atmosfera y otras molestias (ruidos y malos efec- 
tos visuales ligados con el transporte). Se trata en- 
tonces de responder a las siguientes cuestiones: 

- Definicion 10 mas precis0 posible del problema. 

- Difundir entre 10s paises en desarrollo resultados 
que es posible obtener si se aplican ciertas medidas 
para reducir la congestion del trhnsito. 

- Identificar 10s diferentes estudios realizados en 
paises desaixollados y sus procedimientos de soh-  
cion. 

- Llevar a cab0 una recoleccion de informacion 
para crear un banco de datos y apoyo bibliografico. 

2 GENERALIDADES 

En la operacion y gestion de 10s sistemas viales, uno 
de 10s principales objetivos buscados es reducir las 
demoras en 10s desplazamientos de 10s usuarios de 
las vias, este problema se vuelve mas complejo en 
las areas urbanas que en las vias interurbanas. 

Durante el dia, en 10s periodos de maxima de- 
manda, el movimiento de vehiculos se va haciendo 
mas lento y deficiente, con las consecuentes perdidas 
de velocidad, hasta que el sistema se satura llegando 
a niveles de congestionamiento, en donde se incre- 
mentan las demoras. 

De manera general las demoras son ocasionadas 
por la variabilidad en 10s volumenes de transito, 
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puesto que existen momentos en que la demanda 
puede ser niuy grande o bien se presenta porque la 
capacidad de las vias canibia con el tiempo. Enton- 
ces podemos definir tbcnicamente a la congestion 
del transito como la situacion que se crea en uno o 
mas puntos de una via, cuando la demanda del trhn- 
sit0 excede el n6mero maxinio de vehiculos que 
pueden pasar por ellos. A1 ocurrir esto, niuchos 
vehiculos deben detenerse, formando colas que se 
iran poniendo en movimiento despuds de a l g h  
tienipo, que en muchos casos puede ser largo y de 
una forma continua o bien intermitente. 

Para muchas otras personas, la congestion del 
transito, no solo ocurre cuando la denianda excede a 
a1 oferta, sin0 tambiCn en todo moment0 en que la 
interaccion vehicular sea tan intensa que impida que 
10s usuarios de uiia via puedan circular por ella co- 
niodamente y sin demoras excesivas. 

Lo que si podemos asegurar es que cualquiera que 
sea el concept0 de congestionamiento, 10 cierto es 
que causa una serie de inconvenientes tales como: 

e Prolongacibn de 10s tienipos de viaje. 
0 Aumentos en 10s costos de operation 
0 Degradacion del ambiente (contaminacion del 

e Aumento en el niimero de accidentes. 
0 Sensacion de frustracion y fastidio por parte de 

0 En general, una degradacion de la calidad de vi- 

aire y ruidos). 

10s usuarios. 

da en el entorno de las vias congestionadas. 

3 ME TO DO LOG^ 
Se pueden distinguir dos tipos de congestiona- 

mientos: 10s sistematicos, cuyo moniento y lugar de 
ocurrencia es previsible (inisnio lugar y misma hora 
del dia) y 10s accidentales, que se dan por sucesos 
casuales (descomposturas, cierres eventuales de ca- 
rriles o calles, nianifestaciones y accidentes de trhn- 
sito). 

Entre las causas que originan 10s congestiona- 
mientos sistematicos tenemos las ocasionadas por la 
niistna corriente vehicular en situaciones de flujo 
continuo, y 10s dispositivos de control del transito 
(seniaforos y seiialamientos) que interrumpen 10s 
flujos vehiculares. Una forma de caracterizar el fe- 
nonieno del congestionamiento de un sistema vial, 
es cuando se hace necesario responder a una serie de 
cuestiones como: 

ei A que hora coniienza y termina el congestio- 
namiento? 

e iCua1 es el numero promedio de vehiculos?. 
0 iCual es el tiempo promedio de la demora? 
0 iCua1 es la demora maxima? 
e iCual es la demora total de todo el transito? 

;Cual es la proporcion del tiempo en que se 
utiliza el sistema? 

0 ~ C u a l  es la proporcih del tiempo cuando el 
sistema permanece inactivo?. 

Todas estas preguntas se deben responder para 
poder atacar el problenia especifico del congestio- 
namiento. 

La participation del Instituto Panamericano de 
Carreteras (LPC), con sede en la Ciudad de Wa- 
shington, D.C. que ayud6 con la realizacion de las 
encuestas, su recopilacion y analisis. Con 10s resul- 
tados de 10s cuestionarios contestados por pai-te de 
10s responsables del transporte en las ciudades lati- 
noamericanas, por consultores y expertos, se pudo 
definir de manera aproximada la probleniatica que 
viven estas ciudades respecto a1 congestionaniiento 
del trhnsito. 

El contenido del cuestionario tenia como objetivo 
conocer tres aspectos bhsicos: 

e Informacion socioeconoinica de las ciudades 
(poblacion, Superficie, niunero de vehiculos 
con su clasificacion, etc.) 
Informaci6n sobre el trhnsito (horas de niaxi- 
ma demanda, tip0 de congestionamientos, sus 
causas y gravedad de la situacion). 
Informacion general del encuestado (nonibre, 
cargo, doniicilio y experiencia que tiene en el 
tema). 

El analisis sistematico de algunas medidas para la 
reduccion de la congestion del transito, permitirh que 
las politicas sobre 10s desplazamientos urbanos to- 
men en cuenta otros factores asociados con el entor- 
no que influyen en las condiciones de vida de 10s 
habitantes. TambiCn se busc6 la manera para la 
puesta en operacion de estas acciones y de coino 
pueden organizarse junto con 10s diferentes actores 
conio son autoridades, operadores, transportistas y 
usuarios, con el fin de asegurar una mejor calidad 
del servicio de transporte. 

La preparacion de un document0 que presente las 
diferentes estrategias para la reduccion de 10s coii- 
gestionamientos de transito, como niedio de difusion 
de procedimientos a seguir. 

e 

0 

3.1 Acciones contra la congestion 

La congestion del transito urbano es con fiecuen- 
cia un problenia de dificil de solucion, que requiere 
de verdaderas estrategias para reniediarlo. La natu- 
raleza de las estrategias para la Congestion es muy 
variada, por 10 que deben ser seleccionadas, defuii- 
das y aplicadas por distintos tipos de profesionistas e 
instituciones. Por tal motivo la concepcion e im- 
plantation de cualquier estrategia, requiere general- 
mente de la accibn coordinada de fiincionarios de las 
dependencias gubernamentales, consultores, trans- 
portistas , cuerpos de policias, acadCmicos y de in- 
vestigadores entre otros, asi conio del apoyo de 10s 
medios de informacion masiva (la radio, television y 
periodicos), de instituciones civicas y de que el pu- 
blico en general las acepte. 
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Existen diversos remedios para hacer frente a la 
congestion, algunos de ellos se basan en principios 
de areas como: ingenieria de trhsito, planificacion 
del transporte urbano, sociologia, urbanismo, eco- 
nomia, psicologia y otras disciplinas mas. Estas ac- 
ciones pueden aplicarse a1 sistema de transporte 
existente (mejoritndolo), a la demanda del transporte 
(reduciendo su magnitud o niodificando su distribu- 
cion temporal y espacial) a 10s usos del suelo (adap- 
tandolo a las necesidades de transporte) o bien a to- 
dos 10s integrantes de la realidad urbana. 

De acuerdo con el tiempo que necesitan para surtir 
sus efectos, 10s rernedios se pueden clasificar en re- 
medios al corto, mediano y largo plazo, s e a  que 
10s resultados se obtengan en periodos de menos de 
un aiio, de uno a cinco aiios y mis de cinco aiios se- 
gun sea el caso. La informacion a conductores sobre 
tramos de via congestionadas, la aplicacion efectiva 
de medidas para regular el transito y 10s canibios en 
10s horarios de 10s trabajos, son acciones a1 corto 
plazo, las modificaciones fisicas a las vias y las nie- 
joras al transporte colectivo suelen ser remedios al 
niediano plazo; mientras que 10s esfberzos por cani- 
biar 10s usos del suelo y el coniportamiento de 10s 
conductores y peatones son casos de proyectos a1 
largo plazo. 

4 ESTRATEGtAS PARA COMBATIR LA 
CONGESTION DEL TRANSITO. 

Decianios que existen dos tipos de congestiona- 
mientos: 10s sistematicos y 10s accidentales, cada 
uno de Cstos tiene diferente tratamiento, que se men- 
ciona a continuacion: 

4.1 Co~gestionnmientos sisternciticos. 

combatir la congestion sistematica: 
Existen en general, tres tipos de acciones para 

impedir que ocurra. 
e eliminarla, si es posible y 
0 mitigarla, en caso de no poderse eliniinar. 

El primer tipo de accion se aplica a niuchos casos 
a autopistas urbanas, pues conio tienen pocos acce- 
SOS son faciles de controlar el ingreso a esos y se 
puede restringir su us0 cuando auniente peligrosa- 
mente la probabilidad de que ocurra Congestion. 
Desde luego, este un remedio a1 corto plazo que 
puede llevar a trasladar el problema a otras vias, si 
1x0 se van aplicando tambien otras acciones a1 corto, 
niediano y largo plazo de la red urbana afectada. To- 
dos estos remedios no solo pueden preveiiir la con- 
gestion a otras vias, sin0 tainbiCn mejorar en todo 
nioniento la calidad del servicio que ofrecen las vias 
a sus usuarios. 

Es posible tratar de aplicar la segunda accion en 
ciertas calles convencionales, donde existe conges- 

ti6n y no se esta utilizando toda su capacidad poten- 
cial. Para ell0 se pueden instituir medidas de inge- 
nieria de transito, tales como prohibicion de vueltas 
derechas o izquierdas, estacionamientos y paradas 
del transporte piiblico, niejorar la prograniacion de 
10s semaforos y sentidos unicos de circulacion, entre 
otros, o bien hacer cumplir, mediante acciones de 
vigilancia policiaca, medidas instituidas que no se 
est6n cumpliendo. 

El tercer tipo de estrategia o acci6n es la mitiga- 
c i h ,  se aplica cuando las del segundo tip0 no han 
podido eliminar a corto plazo la congestion en algu- 
nos puntos criticos de las vias @or ejemplo, en inter- 
secciones de vias con gran demanda de transito). 
Muchas veces esta estrategia utiliza acciones com- 
pletamente distintas a 10s del segundo tipo, pues no 
trata de elinlinar una congestion iniposible de supri- 
mir, sin0 evita que esta se propague a vias donde no 
existe congestion. Asi, una acci6n del segundo tip0 
de estrategia puede ser el aumento de la duracion del 
ciclo de seniaforos, buscando mayor capacidad, 
niientras que en el tercer tipo puede tratarse de redu- 
cir esa duracion para acortar las colas de vehiculos, a 
fin de que no obstruyan intersecciones coiiente ai-ri- 
ba. El us0 de esta estrategia no excluye la aplicacion 
concurrente de reniedios a mediano y largo plazo 
propios del primer tip0 de estrategias. 

4.2 CoiTgestionamientos accidentnles. 
Como 10 indica su definicion, no se puede predecir 
la ocurrencia de esta congestion, aunque a veces es 
posible conocer la probabilidad de que se produzca 
en ciertos puntos criticos de un sistema vial. En es- 
tos casos pudiera tratarse de aplicar estrategias del 
primer tipo a esos puntos criticos, aumentando su 
capacidad para reducir la probabilidad de conges- 
tion, pero la prioridad de esa medida es casi siempre 
muy baja en el presupuesto vial. 

Por 10 tanto, la estrategia para la congestion acci- 
dental se centra principalmente en accioiies a1 corto 
plazo para tratar de reducir su duracion, o bien hacer 
desvios del trksito por otras vias menos congestio- 
nadas. Esta congestion puede ser causada: 

Por accidentes que obstruyen total o parcial- 
mente una via, producen turbulencia en el 
transito, o a1 menos causan distraccion o 
cohiben a 10s conductores. 
Por incidentes (vehiculos descompuestos y 
cargas de traiisporte tiradas o derraniadas, en- 
tre otras). 
Por causa inesperadas como son alteraciones 
del orden publico, nianifestaciones o incen- 
dios y en ocasiones la presencia de vehiculos 
de traccion animal. 

En el caso en que sea posible retirar las obstruc- 
ciones de la via, conviene localizarlas inmediata- 
mente por niedio de vistas aereas (desde helicop- 
tero, un edificio alto o por otros niedios) y enviar 

0 

0 

0 
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un equipo especializado para tratar de despeiar la 
via sin mayores perdidas de tienipo. En cualquier 
caso se pueden reducir 10s perjuicios de una con- 
gestion local despues de localizada, prevenir a 10s 
conductores que podrian pasar por la zona afecta- 
da, mediante transmisiones de radio, seiiales con 
mensajes variables, “Internet” y otros. 

4.3 Otro tip0 de acciones 
Existen en la actualidad toda una serie de elementos 
que pueden ayudar a reducir 10s problemas de con- 
gestionamiento en areas urbanas, desde luego algu- 
nas de estas acciones o medidas son demasiado so- 
fisticadas para ser utilizadas en paises en vias de 
desarrollo, per0 que creemos conveniente se conoz- 
can a1 menos. 

Esthn en primer lugar 10s Sistemas de Informa- 
cion Inteligentes (SII) que pueden ser de dos tipos: 

- acciones viales directas a 10s caminos. 
- elementos electronicos de viaje (TVIS) 
Despues tenemos otros sistemas como: 
- Navegar con informacion continua 
- Carreteras guiadas 
- Servicios motorizados 
- Informacion del transit0 en tienipo real 
- Prevision de la seguridad en tiempo real 
- Informacion de la regulacion en tiempo real 
Cualquiera que sea la niedida a tomar se requiere 

que esta sea factible y no solamente la queranios 
aplicar porque sabemos que su puesta en operacion 
trajo mejoras en otros puntos U otras ciudades. 

Para el caso de nuestras ciudades latinoamerica- 
nas una de las acciones que ya se han explorado, pe- 
ro que por algunas razones no se ha continuado su 
aplicacion, es la de proinover 10s transportes colecti- 
vos como una forma de reducir 10s congestiona- 
niientos en algunos puntos de las ciudades. Los re- 
sultados encontrados durante la ejecucion el estudio, 
fue que hacer una inversion para mejorar la infiaes- 
tructura vial, como 10 es basicamente ampliar las vi- 
as, demostro que esto no siempre es la mejor opcion, 
ya que si bien es cierto se aumenta su capacidad, 10 
que se produjo a1 final fue una mayor saturacion de 
las vias y un aumento en 10s tiempos de recorrido 
para el transporte piiblico. Esto nos lleva a decir que 
en ciertos casos particulares de congestionainientos 
y la concurrencia de 10s transportes colectivos, las 
posibles ventajas que pudieran aparecer aumentando 
la capacidad de las vias, aparecen como algo sin mu- 
cho efecto o inas bien casi nulo, dad0 que la conges- 
tion sigue aumentando. Lo que nos debe llevar a 
cuidar mucho 10s estudios o calculos de reiitabilidad 
de proyectos de infiaestructura vial para ias vias 
congestionadas, en donde la existencia de sistemas 
de transporte piiblico son niuy importantes. 

Esto tambien lleva a1 caso de que una supuesta 
reduccion en la incomodidad de usar 10s transportes 
cnlectivos, por medio de las inversiones en infiaes- 

tructura vail., no compensaria un posible aumento en 
las tarifas del transporte por las obras realizadas. 

5 CONCLUSIONES 

El problema de congestionamiento en las principales 
ciudades de 10s paises latinoaniericanos nos parece 
un tema muy importante que debe ser rapidamente 
estudiado y atacado por 10s responsables de la orga- 
nizacion y gestion del transporte. 

No es posible seguir soportando numerosas per- 
didas de tiempo para 10s usuarios del transporte, ex- 
cesivos consumos de combustible, mayores desgaste 
de 10s vehiculos y por 10 tanto auinentos en la con- 
taminacion ambiental, cuando tenemos otro tip0 de 
carencias como educacion y salud entre atras y don- 
de 10s recursos economicos son cada vez mas raros. 

El caso del congestionamiento de 10s transportes 
en las Areas urbanas se presenta como un proceso 
complejo, el cual se tiene que ver como un todo, en 
donde cada element0 del sistema no debe ser tratado 
de manera independiente en el proceso de transfe- 
rencia y adaptabilidad, sino coin0 parte del mismo 
sistema. Un ejemplo puede ser la seleccion vehicu- 
lar, que no podemos ver de manera aislada a la for- 
macion de conductores o a la del inanejo de 10s talle- 
res de mantenimiento, ni las medidas que faciliten la 
circulacion de 10s transportes de superficie. 

Efectos nefastos se observan en el canipo de la 
seguridad y la econoniia de las ciudades, notandose 
que el increinento de 10s accidentes en las vias con- 
gestionadas deterioran el seivicio y 10s equipos, 
ademss de las consecuentes p6rdidas humanas y 
materiales. Por todo esto se recomienda atacar el 
probleina del congestionaniiento antes de que se 
agrave y sea mas dificil su solucion. Un agradeci- 
miento niuy especial a1 Dr. Guido Radelat quien co- 
laboro en la redaccion de este trabajo. 
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The road traffic management process in South Africa with a Western Cape 
Province perspective 

K. E.Chinnappen & J. S. Hugo 
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ABSTRACT: Prior to 1994 road traffic management in South Africa was not undertaken in an integrated 
manner, with law enforcement agencies, engineers and administrators each doing in isolation what was 
thought to be best, with little effect on the country’s appalling accident rate. After the election of the new 
government, liaison structures were set up along the lines of the 3-tier government system and traffic 
management was approached in a multi-disciplinary manner. Road traffic accident casualties have decreased 
by 7% over the past 2 years. 

1. INTRODUCTION 

Of a population of approximately 42 million people, 
there are more than 6 million licensed motor vehicle 
drivers and about 6.6 million registered vehicles 
travelling on more than 520 000 kilometres of road 
and street network in South Africa. As in most 
countries, traffic safety is considered to be an 
extremely serious problem, evoking urgent response 
from politicians, technocrats and the community at 
large. In 1998, the annual road traffic accident count 
was in excess of 415 000, of which 81 622 were 
fatal or resulted in serious and slight injuries, costing 
the country about US$ 2.7 billion (13.4 billion South 
African Rands). 

The unacceptably high levels of injury and fatal 
accidents on South African roads require urgent 
attention. However, road traffic safety should not be 
seen to be an exclusive function on it’s own. It is the 
product of integrated, effective and efficient land 
based transport and traffic management systems 
designed to harness road traffic operations and 
related hnctions, with the primary purpose of 
improving the quality of road traffic. In the ongoing 
quest to compete for limited funds to upgrade and 
expand the road infrastructure, traffic management is 
seen as a tool that is used to maximise the volume of 
road based traffic on the existing infrastructure in a 
safe, effective and efficient manner. 

2. DEVELOPMENTS PRIOR TO 1994 

Prior to the 199O’s, traffic management processes 
were virtually non-existent at national, provincial, 
metropolitan and local levels. Although part of 
tertiary academic syllabi at that time, integrated 
traffic management practice was not taken seriously 
by all affected role-players. Traffic enforcement 
officers, through a process of uncontrolled 
evolution, were given that task to perform “whatever 
was necessary” to essentially control traffic and 
enforce road traf€ic acts, legislation and local by- 
laws in South Mica.  Road engineers independently 
prepared guidelines and implemented certain aspects 
of traffic management within the road environment 
such as directional signs, route markings, traffic 
signal warrants, etc. 

Although known to be one of the key factors in 
promoting the economy of a country, the pre-1994 
governments did not view transport as an essential 
area of development. Government’s dominant role in 
transport was that of a bureaucratic regulator, a 
provider of road infrastructure and a transport 
operator. With respect to traffic management, it was 
weak in overall management, strategic planning and 
poIicy formulation. It also operated relatively 
independently from international best practices and, 
at that time, was not a member of the Southern 
African Development Community. 

The Committee of State Road Authorities 
(CSRA), comprising of road engineers fiom the 
National Department of Transport, South West 
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M i c a  (Namibia prior to its independence) and the 
then four provinces, coordinated national policies 
and prepared guidelines and warrants affecting the 
road environment. Unfortunately, the committee had 
little or no political support from all spheres of 
government and lacked any meaninghlly focussed 
direction towards traffic management issues. 
Similarly, the Committee of Urban Transport 
Authorities (CUTA) was structured as a 
predominantly uni-disciplinary committee with the 
purpose of coordinating urban transport. 

In the early 1 9 9 0 ’ ~ ~  traffic enforcement officials 
decided to investigate the need for national forum on 
traffiic enforcement and control. At that time, the 
then four provinces had traffic enforcement 
structures consisting of Coordinated Traffic 
Committees (CTC) at provincial and metropolitan 
level. The Committee for Road Traffic Law 
Enforcement (CRL) was established under the Road 
TrafEc Act of 1989. Together with CSRA and 
C U T 4  the CTC’s and, later the CRL, could thus be 
considered as the few recognised traffic 
management structures in place. 

Just prior to the first democratic election of the 
country in 1994, the need for some form of 
integrated traffiic management process was realised. 
Traffic management projects, such as incident 
management began to be discussed in 
multidisciplinary forums. 

3. DEVELOPMENT OF MULTIDISCIPLINARY 
TRAFFIC MANAGEMENT STRUCTURES 

After the 1994 national election, the Minister of 
Transport decided to create a formal consultative 
and co-ordinated structure between first and second 
spheres of government to address policy and 
functions. The Ministerial Conference of Ministers 
of Transport (MINCOM) was tasked with setting 
transport policies in the country. It receives technical 
input and support from the Committee of Land 
Transport Officials (COLTO) on all aspects of land 
transport. MINCOM comprises of the national 
Minister of Transport and Provincial Ministers 
responsible for transport from all nine provinces. 
Similarly, senior transport officials from the 
National Department of Transport and the nine 
provinces are members of COLTO. The MJNCOM / 
COLTO structure, which has been hnctional since 
the latter part of 1994, was considered to be the first 
step towards providing the institutional framework 
within which the national / provincial relationship 
has been managed and the integrated management of 
transport functions facilitated. 

After MJNCOM and COLTO became 
operational, four technical coordinating committees 
were introduced, which included the Road Traffic 
Management Coordinating Committee (RTMCC) 
and the Traffic Control Coordinating Committee 
(TCCC), the latter replacing the Committee for Road 
Traffic Law Enforcement. In 1998, the TCCC, in the 
interest of integrated management, was expectedly 
incorporated into the RTMCC. The MINCOM / 
COLTO structure, with the coordinating and traffic 
management technical committees, is shown in 
Figure 1. 

4. ROAD TRAFFIC MANAGEMENT 
COORDINATION 

4.1 Coordination 

The membership of the RTMCC has representatives 
from all disciplines in the first and second spheres of 
government involved in road traffic management. 
Currently, the RTMCC membership consists of the 
following organisations: 

National Department of Transport; 
The nine provinces (engineering, 
education, traffic police and logistics); 
The Institute of Traffic Officers; 
The South African Police Services; and 
The Department of Justice. 

The five large metropolitan areas are shortly 
expected to become part of the committee. 

The RTMCC is structured to coordinate all 
aspects of road traffic management in the country. 
Various technical committees and, if deemed 
necessary, associated working groups, have 
therefore been established to support and assist 
RTMCC, as shown in figure 1 .  Working groups are 
formed to perform specific national projects and 
disband at the completion of that project. The 
RTMCC currently has the following technical 
committees: 

e Traffic officer training and development. 
Traffic information systems. 
Driver training and testing. 
Road traffic education and 
communication. 

o Road traffic legislation. 
e National overloading and control. 

Guidelines and standards for 
setting of speed limits, 

e incident management, 
road traffic signs, 

e vehicle standards and roadworthiness, 

544 



i MINCOM f 
i Ministerial Cornnittee j 

I 
COLTO 1 

j Cornnitteeofbnd j 
j TransportOffiuaG 

I I 
1 

RCC j i  LTCC f i  RTMCC : :  
: :  

1 Land Transport 1 j Road Trafiic Management j Roads f Cordinating Committee i Coordinating Committee / f Coordinating Committee 
; .  

I I 
?---+-7 

Technical 
f Committees f 
L ............ ~ : 

Committees j Committees j ...... ..................... : 

Figure 1 : Transport structures in South Africa 
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Road safety audits. 
Administrative adjudication of road 
traffic offences; and 
Special projects such as Arrive Alive, 
Credit Card Type Licenses, Accident 
Report Form, etc. 

and inspectorate of vehicle testing 
centres. 

On the international front, national projects in 
particular generally tend to “piggy back” on lessons 
learnt from other countries, with the view to 
adopting the best practice in that project. As an 
example in traffic management, the State of Victoria 
in Australia shared their experiences in the processes 
and methodologies used to substantially improve 
road traffic safety. 

Clearly, the country has embarked on a fblly 
integrated and multidisciplinary approach, based on 
the so-called three E’s (engineering, education and 
enforcement) as well as evaluation / monitoring, to 
address the issues affecting road traffic management. 
Technocrats are now jointly working together, 
strongly supported by the political structures. 
MINCOM has repeatedly expressed full political 
commitment by responding positively to initiatives 
proposed by COLTO and the coordinating 
committees. 

4.2 Results of eflective coordination 

In the short time that the structures have been 
functional, key road traffic acts, regulations and 
special projects have been approved and 
implemented or are in the process of being 
implemented. 

Notwithstanding the coordinated structures that 
that have been established, traffic management in 
South Africa can be described to be in a state of 
crisis because of the current high levels of 
lawlessness and exceptionally high death toll on the 
roads. The lack of past investment in equipment and 

human resources could be considered possible 
causes of the current unsatisfactory state of road 
traffic safety. Investigations highlighted the need to 
address the problems in all hnctional areas in all 
spheres of government. It was also found that the 
institutional arrangements were not conductive to 
coordination and rapid interventions. Due to the 
need to optimise limited resources and streamline 
institutional arrangements, an innovative concept of 
creating the Road Traffic Management Corporation 
(RTMC) was developed, which will collectively 
operate road traffic management “at arms length” 
from the government. The Road Traffic 
Management Corporation Act of 1998 “will provide, 
in the public interest, for co-operative and co- 
ordinated planning and provision of advice, 
regulation, facilitation and law enforcement in 
respect of road traflc matters by the National, 
Provincial and Local spheres of Government and the 
private sector, and to that end, to provide for the 
establishment of the Road Trafic Management 
Corporation; and to matters contained therewith. ’’ 

Another recently promulgated act, the 
Administrative Adjudication of Road Traffic 
Offences Act, is designed to essentially change the 
culture of drivers committing traffic offences and 
not paying their fines, lessen the burden of the courts 
on minor infringements and promote the compliance 
of road traffic rules. 

The successfbl Arrive Alive special project, now 
in it’s fourth phase, is another illustration of using an 
innovative concept by obtaining joint fbnding from 
the Road Accident Fund Board, the government and 
to a lesser extent, the private sector to implement 
traffic management strategies and programmes to 
reduce fatal accidents. Coordination, cooperation 
and commitment amongst all road traffic related 
disciplines have been key factors that have 
contributed to the overwhelming success of the 
project. Since the start of the Arrive Alive traffic 
safety campaign, the total road traffic accident 
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casualties dropped by 7% nationwide, which is 
estimated to amount to a saving of approximately 
US$ 80 million (R 475 million) to the country. 
Casualties in the urban areas dropped by 11%, but 
there was a slight increase of 2% in the rural areas. 

5 .  TRAFFIC MANAGEMENT IN THE 
PROVINCE OF WESTERN CAPE 

5.1 Introduction 

The Western Cape Province comprises of an area of 
129 370 square kilometres, with a population of 
some 4 million people representing 9.8% of the 
population of South Africa. 

In 1998 there were 1.1 million registered vehicles 
and 1 .O million licensed drivers representing 16.9% 
and 16.6% of the figures in South Africa 
respectively. A total of 1 314 people died and a 
hrther 19 859 were injured in road traffic accidents 
in the Province, costing more than US$ 0.35 billion 
(R 2 billion). A total of 18% of all accidents and 
16% of all fatal accidents in South M i c a  occurred 
in the Western Cape. 

Approximately 68% of fatalities and 80% 
casualties occurred in the urban areas. More than 
47% of all fatalities are pedestrians. In the Cape 
Metropolitan Area, about 60% of all road traffic 
accident deaths are pedestrian fatalities. 

5.2 Structures 

Historically, no single authority has had statutory 
responsibility at Local Authority, Metropolitan or 
Provincial level for traffic management. This has 
resulted in fragmented actions with no clear 
responsibility, authority or accountability for traffic 
management and, in particular, accident prevention 
measures. 

In accordance with the RTMS, a consultative and 
coordinative transport structure similar to MINCOM 
and COLT0 has been established in the Province. 
The structure consists of the Western Cape 
Provincial Transport Committee (PROVCOM) and 
the Western Cape Provincial Transport Technical 
Committee (PROVTECH), representing politicians 
and officials respectively. The latter has appointed a 
multidisciplinary committee that has been tasked to 
coordinate the management of road traffic 
management in the Province. This committee is 
called the Provincial Road Traffic Management 
Coordinating Committee (PRTMCC). Its main 
function is to take responsibility and accountability 
for the management of road traffic on all roads in the 
Province. In order to involve regional and local 

authorities and the community, the PRTMCC has 
established a Metropolitan and three Regional Road 
Traffic Management Coordinating Committees. 

The terms of reference of these coordinating 
committees includes: 

0 Accountability and responsibility for road 
traffic in their respective areas. 

0 Development, implementation and 
management of road traffic plans based on 
National and Provincial road trait plans. 

0 The establishment of RTMCC’s at Local 
Authority levels. 

0 Involvement of the communities. 
Figure 2 represents the transport structure, with 

the emphasis on road traffic management, in the 
Province. 

5 .3  Planning 

A Provincial Road Traffic Management Plan has 
been formulated and was approved by PROVCOM 
on 1 5 ~  September 1998. The Plan is based on the 
principles of Traffic Management System, enabling 
all affected role-players to work together in a 
holistic and integrated manner with the common aim 
to effectively promote orderly traffic and traffic 
safety. The Plan broadly outlines the framework for 
a strategy based on National and Provincial road 
traffic policies. The overall aim of the Plan is to 
reduce road traffic casualty accidents by 10% per 
annum. 

The Plan is underpinned by a number of key 
principles, namely the need for: 

0 Political support and commitment. 
0 An integrated, multidisciplinary management 

approach continually striving for the highest 
standards of professionalism. 

0 Coordinated Local, Metropolitan and 
Regional plans, under the auspices of the 
National and Provincial policies. 

0 Community ownership. 
e Focus on critical safety issues. 
0 Flexibility and realism. 
0 Regular monitoring and evaluation. 

The overall strategy of the Plan is to adopt a 
multidisciplinary approach, coordinating the eleven 
functional areas within traffic to address certain 
identified critical issues. The functional areas are as 
follows: 

0 Engineering: Road environment. 
0 Education: Traffic safety education. 

Driver training. 
Marketing and mass 
communication. 
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Figure 2: Transport management structure in the Western Cape Province 

Coordinating Committee .......................................................................................................................................................................................... 

0 Trafficlaw Legislation. 
Enforcement: Traffic Control and 

Policing. 
Adj u d i cation. 

o Logistics: Research, 
development and 
implementation. 
Registration and 
licensing. 
Traffic information. 
Emergency services 

The critical issues that have been targeted for 

0 Traffic Safety Alcohol and drugs. 
attention are the following: 

Speed. 
Fatigue. 
Seatbelts. 
Visibility. 
Intersection violations. 
Pedestrians. 

evaluation 
Funding. 
Manpower. 
Organisational. 
Development. 
Training. 

0 Management Information and 

For each critical issue, objectives and the required 
approach have been determined. 

The next step in the development of a holistic and 
fblly integrated traffic plan for the Western Cape is 
the formulation of a Provincial Strategic Plan. The 
aim of this Plan is to provide strategies to which al! 
the relevant parties can adhere. It aims to address 
two specific issues: 

0 What must be done to achieve the overall 
aim? 

* What targets should be set? 

Coordinating Committee 

The final draft of the Strategic Plan for the period 
2000 to the year 2005 has just been completed. It 
details the strategies that must be adopted by the 
relevant hnctional areas to address the identified 
critical issues. 

Furthermore, it will form the basis for the 
eventual implementation of projects and actions at 
Metropolitan / Regional / Local level, which is 
expected to ultimately reduce the number and 
severity of accidents on the Province's roads. The 
Strategic Plan is intended to substantia!ly influence 
the Operations Plans that will be prepared at 
Metropolitan / Regional levels by the respective 
RTMCCs. The Operation Plans in turn will detail a 
course of action that should be implemented at 
District / Local level. Figure 3 illustrates this 
coordinated process. 

Metropolitan 
RTMCC 

6. CONCLUSION 

Boland Southern Cape West Coast 
RTMCC RTMCC I RTMCC 

This paper has reported on the ongoing progress 
towards achieving an effective and efficient traffic 
management system in the country. 

All role-players have indicated their full 
commitment to the established structures and special 
projects. However, all spheres of government and, to 
an extent, the private sector need to demonstrate 
their support of the system by allocating funds and 
trained personnel to give effect to all the coordinated 
plans. Road safety results over the next few years 
will be used to evaluate the success of traffic 
management projects and plans coordinated by the 
established institutional structures. 
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Figure 3 : Western Cape road traffic planning process 
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The institutional framework for urban transport projects in developing countries: 
Case study of Mumbai, Bombay, India 
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ABSTRACT: India has four inega cities - Bombay, Calcutta, Delhi and Madras - each with a population of 
about 10 million and still growing. Apart from these cities there are 26 cities which have a population of 1 
million or more. The four inega cities are served by extensive surface heavy rail urban transport system with 
the system i n  Bombay carrying more than 5 million passengers daily. Only Calcutta has an underground 
system and work has just started on a inass transit system for Delhi. Planning studies for expanding the inass 
transit system in  Bombay have been on for several years now. However there has been very little expansion 
of the system. The authors have been closely involved i n  the conceptualization and studying the feasibility of. 
providing a suitable rail based inass transit system for the Central Business District of Bombay. The institu- 
tional problems encountered and the approaches to resolve the various issues encountered is the basis of this 
paper According to the Constitution of India the Railway comes under the Central Government, while the 
bus transport is with the control of the States. The Tramways and elevated light railways, though strictly 
speaking under the State control, have of late been subject to attempts to control by the Central Rail Ministry. 
To compound the problem, there are a plethora of ordinate the planning and implementation of new schemes. 

The valuable lessons learnt and the unique solutions to the institutional problems will be of immense interest 
to developing countries in similar situations. 

RESUMEN 1 Mr J T Verghese was formerly Executive Director in the Ministry of Railways i n  India and 
is presently a Management Consultant specializing in organizational and institutional issuec He was the in- 
stitutional expert for the Feasibility Study for Bombay Mr Verghese has had extensive experience in Rail- 
ways and had considerable exposure outside India having worked for five years as the Indian Railways' repre- 
sentation in  France with responsibility for most of Europe Mr Verghese is a Mechanical Engineer with 
specialization i n  Management of Technological Change 

2. Mr. J Jansky is the Vice President of DE-Consult, which is a daughter company of the German Railways 
and is one of the largest transportation consultancy companies of the world. Mr. Jansky was responsible for 
the conceptualization of the scheme for the Central Business District of Bombay and played an active role in 
resolving the institutional issues. Mr. Jansky a Qualified Mechanical Engineer and Management Expert who 
has worked on several projects in Bombay for the last six years. 
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1 INTRODUCTION 

Bombay is one of the world's largest metropolitan 
areas and its business activities play a major role in 
India's economy. Greater Bombay today covers an 
area of approximately 440 sq.kins., out of which 70 
sq.kms. form the so-called Island City. Bombay 
Metropolitan Region occupies aii area of about 4 164 
sq.kms, with a population well above 14 million. 
Three quarter of the population live in Greater Bom- 
bay, 3.0% in Island City. 

Like many other world mega-cities, Bombay's 
economic development will be critically dependent 
on, and possibly constraint by, the ability to ensure 
tlie efficient transportation of its citizen and prod- 
ucts Recent studies have underlined the importance 
of public transport which today carries about 80% of 
all passenger trips in the Metropolitan Region with 
aii almost e q d  share for rail and bus 

The Bombay suburban railway network, operated 
by the Central (CR) and Western (WR) Zonal Rail- 
ways of Indian Railways (IR), is among the most 
intensively used i n  the world The two suburban rail 
systems are presently connected through two links 
[Harbour Line (double track) and Vasai - Diva Line 
(single track)] The third link, Bandt-a - Kurla, with 
a double track design has been planned already 

Each day, each of the railways operates more 
than .1.000 suburban passenger trains, accounting for 
a total of more than 5 million passenger trips In ad- 
dition, 70 trains carrying inter-city passenger, and 
120 trains carrying freight use the same tracks. 

Increasingly the passenger flow is shifting fi-0111 a 
CBD related commuter pattern to a dispersed urban 
pattern as the city expands The former regional op- 
eration is becoining a inore and inore complex urban 
opei-ation The regional rail system has to function 
as a surface Urban Mass Rapid Transit (MRT) sys- 
tem It will form the backbone of an extended MRT 
system in  the f h r e  which then might include sub- 
way-sections extending existing lines fkrther down 
to the south into the Island City 

It is expected that the CBD will remain the finan- 
cial centre of Bombay and the main centre of em- 
ployment, even in contrast to the efforts to create a 
inore polycentric city structure. Therefore, for the 

time being commuter services and inter modal pas- 
senger exchange at the two rail tel minals (Church- 
gate and Victoria Station). and public transport 
within the CBD-area are of vital interest for tlie city 
and its surroundings 

The present situation is characterized by a series 
Some of the most pressings are of weaknesses 

listed below 

Commuter services are unreliable due to fie- 
quent disturbances (by people living adjacent 
to the tracks, at level crossings with streets, 
inadequate infrastructure ( e  g switches etc ) 

Services offer little coinfort (low travel 
speed, partly because of track conditions and 
partly because of liiitiiieiits/eiicroachi7ients 
close to the track, which results in long travel 
times for passengers, long round-trip times 
of trains, mid eventually, i n  overcrowding) 
With punctual improvement of the infra- 
structure as mentioned above, services can 
be enhanced without increasing the size of 
the fleet 

Bus based feeder and distributor services in 
downtown Bombay are iiisufficient to cope 
with passenger demand. Buses are hampered 
by the slow traffic flow in the Bombay CBD 
street network which results again in  long 
round-trip times and inefficient use of' the 
ex i s t i ng b ii s fl e et, t h ii s red ii ci iig the c) vera 1 1 
capacity of the bus system 

A study was commissioned in 1907 by the Ma- 
harashtra Government funded by German Goverii- 
ment grants to look at tlie possibility of a mass tran- 
sit system for the Central Business District (CBD) of 
Muinbai 

As the city grew and technology permitted iiewei 
forins of inass transport, a number of institution5 
were created Some to install and operate transport 
system and others to regulate and mitigate the coti- 
sequences of increased traffic I n  large cities a 
number of autonomous institutions have now taken 
root and they play a cr-ucial role in eiiwring safe, ef- 
ficient and adequate urban transport facilities Many 
studies of Bombay have I-evealed that insuff-icient 
attention to institutional aspects have lead to poor 
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planning and even poorer implementation standards. 
The lack of coordination between a number of agen- 
cies involved to different aspects of transportation 
planning, implementation and operation has resulted 
in projects with conflicting objectives and as in often 
the case, each vying for already scarce resources of 
land and money. 

The existing institutions and their role at city 
level in  influencing the planning and operation of 
urban transport inay be seen in the Annexure I at- 
tached. 

It is inay be seen that all not only a number of in- 
stitutions but they belong to different levels of gov- 
ernment - city, State and Central. This makes coor- 
dination even more difficult since the political 
compulsions and orientation of these different levels 
could differ vastly. Urban transport being a politi- 
cally sensitive subject, there would be a tendency 
ainong bureaucrats manning the institutions at the 
three levels to be influenced in their planning objec- 
tives by the political establishments. 

While it is accepted that integration of transport 
development with the overall urban development 
plan is necessary and this would be best done by 
having a single responsibility agency, the facts re- 
mains that attempts to put i n  place such an agency 
with omnibus responsibility has always been threat- 
ened by existins institutions In fact, wherever such 
attempts have been made, the total energies of in- 
stitutions have been diverted from their assigned 
functions to defending their position Projects to 
improve transport become the casualty 

Thei-e are, no doubts, difficulties in  coordinating 
the roles of the Central, State and local government 
agencies This often results in lack of clear r-espon- 
sibility and therefore accountability 

I n  Bombay, the Central and Western Railways 
belonging to the lJnion Government, provides the 
rail based inass transport system. The Ministry of 
Railways at the Centre which controls the budget, 
would prefer not to spend any money to improve the 
system since it is perceived to be loss-making activ- 
ity. T ~ U S  tendency was reinforced with the declin- 
ing central support to Railways and with the deci- 
sion to transfer urban transport from Ministry of 
Railways to Ministry of Urban Development meant 

that the apathy to urban transport problems of Muin- 
bai was near total. 

Role of Government 

Transport is a concurrent subj ect under the con- 
stitution implying thereby that both Central and 
State governments are to play their part The fact 
remains that being a subject of daily importance for 
its citizens, particularly to the big city dwelling, the 
State to which the city belongs would clearly have to 
take the lead in planning and implementing transport 
projects 

An analysis of the various fiinctions related to 
putting in place a inass rapid system i n  the Central 
Business District of Munibai lead to the framework 
given i n  Annexure - 11. 

Planning 

There was broad understanding that planning 
covered considerations of issues under the following 
headings: 

Po 1 it i cal 
Legal 
Technical 
Social 
Environmental 
Econ o in i c 

One of the major problems which was encoun- 
tered during the study was that there was not suffi- 
cient understanding ainong all the institutions in- 
volved regarding the different aspects cif planning 
primarily with reference to the risks 

Regulation 

There was also an area whei-e there was consider- 
able overlap between institutions While there was 
some understanding of the standards which were to 
become guidelines for- planning and operation, there 
was not much clarity regarding the roles to be 
played regarding compliance of plans with stan- 
dards This i n  effect meant that the approval proc- 
esses were delayed This at a considerably bearing 
since regulations covered 
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Building approval 
General regillation including safety and 
service requirements and the regulation of 
co mp et i t i o n 
Environmental and cultural heritage regula- 
tions (which will be dealt with in a specific 
chapter) 

There was also considerable lack of clarity re- 
garding the role to be played by railways. The ex- 
isting rail based commuter services are operated by 
railways. However, in the past when Muinbai had a 
tramway system, the operations were governed by 
the 7.1-amway Act and continues to be theoretically 
so as long as the rail based system could be classi- 
fied as tramway which indeed would be the case in 
the event that a light rail system was to be i n  place. 
117 the past railways were attempting to get rid of the 
responsibility of providing commuter services i n  the 
large cities since it was apparently non-profitable. 
The subject of inass rapid system was transferred to 
the Urban Development Ministry at the Centre. 
However, as soon as the State Governments begun 
to take the initiative in putting place rail based inass 
rapid systems, the Ministry of Railway have tried to 
esercise their control stating that rail based services 
were regulated. Some State Governments including 
that at Munibai have taken the position that Light 
Rail Systems come under- the definition of the 
Tramway Act as long as they ar-e within the munici- 
pal area The position has got further contentious 
because the VII'" Schedule to the Constitution of In- 
dia contains three lists of matters. They are: 

- The Union List the power of legislation as 
regards all matters listed herein is vested it1 

the Union Government 
The State List the power of legislation re- 
gards all matters listed herein is vested in all 
the State Governments 
The Concurrent List Both, the llnion and 
State Governments have been invested with 
the power- to legislate on all matters listed 
herein 

Railways are listed as Entiy No 22 of the Union 
List. and Carriage of passengers and goods by rail- 
way, sea or air, or by national waterways in me- 
chanically propelled vessels ar-e covered by Entiy 30 
of the same list 

The List also contains a residuary entry, namely 
Entry No. 97, which bestows upon the Union Leg- 
islature the power to enact legislation on any other 
matter not enumerated in List I and List 11 including 
any tax not mentioned in either of those lists. 

Entry 13 of List 11 covers Commu~iications, that 
is to say, roads, bridges, ferries, and other- means of 
communication not specified i n  List I, municipal 
tramways, ropeways, inland waterways and traffic 
thereon subject to the previsions ofList I and List 111 
with regard to such waterways, vehicles other than 
mechanically propelled vehicles Entry 57 of the 
same List covers'' taxes on vehicles. whether me- 
chanically propelled or not, suitable for- use on 
roads, including tramcars sub-ject to the provisions of 
Entry 3.5 ofList 111 

Entry 35 of List Ill covers "mechanically pro- 
pelled vehicles including the principles on which 
taxes on such vehicles are to be levied" 

Whether- the legislative power- to enact suitable 
legislation for- the proposed system lies with the 
Union or State Legislature or both, will depend 011 

the entry under which the pro-ject would fall This, 
in turn, as set out above, would depend on the pre- 
cise nature of the systein 

It would be clear that the situation is one in which 
there could be considerable scope for one or the 
other- to either- delay matters 01- take no initiative 
whatsoever using the ambiguity as an excuse 
Keeping all these in mind it is decided to have a 
Project Review Committee consisting of I-epr-esenta- 
tives from the agencies of the C'entral. State and 
Municipal levels. One of the main ob-iective of 
having a Review Coininittee was to ensure that on 
different stages of project there was agreement and 
once a stage have been crossed. it would not be pas- 
sible for any of the agencies to back out fr-om its 
earlier position. The Project Review Committee met 
at least 15 times over the two year period of the 
project and in-built safegual-ds were included in its 
working so that minutes of the meeting as issued by 
the study team would tincl automatic approval within 
a certain time period. 

It was also recognized that ainong the many 01)- 
tions of alignments possible, the political masters 
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would have a say. In keeping this practical issue in 
mind it was decided to have a number of options 
studied in  the preliminary phase and these would be 
presented to government for a decision of which two 
would be selected for fixther detailed study. This 
reduced the scope for- irrational decisions since each 
options were presented together with the financial 
and economic returns. The Study Review Commit- 
tee was also an excellent forum to convey to the 
various stakeholders the nature and extent of risks 
involved and which agency would take ownership. 
The Study Review Committee was therefore kept 
appraised of the following risks: 

Planning risk (the planning phase gets inore 
expensive than expected and/or the results of 
the planning phase give rise to higher cost or 
less I-evenue of the project 01- the project gets 
killed altogether with the planning costs lost) 
In\iestinent risk (construction of the infi-a- 
structure and/or procureinerit of the rolling 
stock is inore expensive than planned) 
Financing risk (financing costs are above ex- 
pectations or financing cannot be secured at 
all) 
Operating risk (operating the system is inore 
expensive than planned) 
Revenue risk (revenue is below plan, i e fare 
and/oi- number of passengers and/or revenue 
fi-om other sources like real estate develop- 
ment is below plan) 

The Terms of Reference of the study had directed 
that the institutional arrangements should be directed 
towards public/pi-ivate partnership During the 
course of the study it was clear from the costs and 
rider-ship figures that a substantial government in- 
volvement would be necessary to make the project 
viable This aspect was appreciated and both Gov- 
ernment of Maharashtra and its institutions had con- 
cluded that it would be necessary to keep public 
participation i n  a minority position 

Taking into account the total risks involved, it 
was recommended that the planning risks should be 
taken by the government. The investment risk on 
the other hand was suggested to be split into its 
components For the infrastructure, the risk of cost 
overruns is the same for- government as for a private 
investor and therefore it could be taken by a private 
investor. However, the administrative risks associ- 

ated with cost overruns due to administrative pi-ob- 
leins such as land acquisition and access is an area 
similar to planning for which the government should 
be the risk taker. The investment risk connected 
with rolling stock which can be dealt with by a well 
proven system of guarantees, can also be taken by 
the private sector. 

The financing risk would also be split into its 
components. The debt financing risk being high, 
since this is a long gestation project, will norinally 
veer towards hnding by multilateral and bilateral 
government agencies. This in turn will bring the 
Government of India as risk bearer- since they would 
require to provide sovereign guarantees. The equity 
capital provider takes the prime risk and the private 
investor would expect a higher than normal return 
on investments which would go beyond 20% in the 
current situation. 

It is also been suggested that a higher- share of 
public equity capital in cash and 01' providing the 
private investor with real estate development rights 
could also be a substitute for- reducing the equity 
capital in favour of guarantee debt capital The al- 
ternatives to be considered are to have a large share 
of debt capital being guaranteed by the government 
which can be raised at low risk premium Once this 
is done the risk for the equity holder i n  absolute 
terms became lower. This i n  tui-n would attract 
other interests to take up equity share particularly 
those having an interest in rolling stock or construc- 
tion services. 

The operating risks are not biased i n  favoui- or 
against government or private operator The reve- 
nue risks is heavily influenced by the governinent 
regulation not only regarding the Fires to be levied 
on the Inass rapid system, but also fares for the 
coinpetition - taxies and buses. It  was recommended 
that the regulatory bodies should give a clear picture 
early in  the project of the stability of the fare struc- 
ture so as to obviate paying unnecessary risk premi- 
ums later on. 

Conclusion 

In conclusion it inay state that the institutional ar- 
rangements to be in place at the planning stage 
where successful in reaching the study to a point 
where a certain higher than normal level of consen- 
sus was reached among the various institutions at 
different levels and resulted in project the proceed- 
ing with the clear understanding of the risks in- 
volved at different stages and also the possible allo- 
cation of risks. 
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nnexure - 
Page I of I 

Function Union Government Maharashtra STATE Thane 

Municipality 

Municipal Corporation of 
Greater Bombay 7 

Transport Project 

Central 

Railways 

MSRTC Transport 

Commissionerate 

Traffic 

Police 

PWD Road, Traffic 

Department 

BEST 

I Urban Plan Formulation 

Development Control 

Urban Transport Plan Formulation 

Urban Transport Policy Coordination 

Land Reservation 

Right of Way Acquisition 

Traffic Management/Engineering 

Traffic Signal Control 

Traffic Regulations 

Traffic Law Enforcement 

Traffic Accident Recording 

Traffic Safety Programme 

Vehicle Licensing 

Bus, Autorickshaw, Taxi, Tariffs 

Bus Franchising Policy 

Autorickshaw Franchising Policy 

Taxi Franchising Policy 

Bus Investment Programme 

Bus Operators 

Rail Operations 

Rail Tariffs 

Rail Major Projects 
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Annexure - II 
Page I of I 

I 2 3 4 5 6 
Planning Regulation Ownership Financing Operation Maintenance 

Government of India 8 0 8 

Government of Maharashtra 0 0 0 0 

MMRDA 8 8 8 8 

0 0 8 0 ;  MMC 

BEST 

Private owner 8 0 0 

Private operator 

Maintenance contractor 
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Urban Transp~~afion and Envirunmen~, Diaz Gonzalez Palomas & Jamet (eds) 0 2UUU 6alkema, ~ o ~ ~ r d a m ,   IS^^ 90 5809 128 7 

National Urban Transport Policy for a sustainable development: The case 
of Brazil 
Politique Nationale de Transport Urbain pour un dkveloppement soutenu: le cas du Bresil 
Politica Nacional de Transporte Urban0 para un desarrollo sostenible: El caso de Brasil 

E. A.Vasconcellos 
AssociaGiio Nacional dos Transportes Pu’blicos, Slio Paulo, Brazil 

Actual public transportation conditions in Brazilian cities are inadequate, considering, service quality, 
efficiency and reliability. With decreasing investments and service quality, transit patronage has been 
decreasing, while private transportation use has been increasing, causing congestion, pollution and accidents. 
The problems were aggravated by the emergence of illegal public transportation by vans. The most important 
actions to overcome such problems are: the definition of a national policy for urban transport, with objectives, 
goals and resources, combining efforts from federal, regional and local authorities; the institutional 
arrangement among land use, transport and traffic policies; the organisation of high quality, regulated and 
integrated transit networks, under a new regulatory environment; the priority treatment of transit on 
roadways; the creation of transit alternatives for auto users; the more equitable use of public f h d s  for 
roadways; the charging of automobile - related externalities; the promotion of new technologies to improve 
environmental quality. 

Les conditions de transport publique au Bred  sont inadequates par rapport a la qualite du service, son degre 
de confiance et son efficacite. Etant donne la baisse des investissements et la perte de qualite du service, la 
demande pour le transport publique n’a cesse de diminuer; par contre, l’utilisation du transport individuel a 
augmente, apportant de graves consequences par rapport a la securite, la polution et les embouteillages. 
L’article propose: une politique d’ integration entre l’usage et occupation du sol, le transport et le traffic 
urbain; une estruturation integree des systemes de transport public de haute qualit6 et avec des nouvelles 
regles de tutelle; la priorite aux transports publiques dans la circulation; des ofies alternatives aux usagers d’ 
automobiles dans le transport publique; l’usage de forme equitative des ressources publiques destines a la 
voirie; l’imposition d’une contribution sur les c6uts provoques par les automobiles; la promotion les 
nouvelles technologies pour ammelioration des conditions de l’environment. 

Las condiciones del transporte publico en Brasil son inadecuadas, cuando se considera la calidad del sevicio, 
la eficiencia y la confiabilidad. Con la reduccion en las inversiones y en la calidad del servicio, la demanda 
del transporte publico disminuyo y el us0 del transporte individual aumento’ con graves consecuencias para 
10s congestionamientos, la seguridad del transito y la contaminacion ambiental. El texto propone: la 
organizacion de las politicas de la utilizacion del suelo, transporte y transito; la organizacion de sistemas 
integrados de transporte publico de aka calidad, dentro de un nuevo cuadro de reglamentacion; la prioridad a1 
transporte publico en la circulacion; la creacion de alternativas de transporte publico para 10s usuarios de 
automoviles; el us0 mas equitativo de 10s recursos publicos en el sistema vial; la recaudacion de 10s costos 
causados por el us0 de automoviles; la promocion del desarrollo tecnologico para mejorar la calidad 
ambiental. 

1. URBAN AND TRANSPORT 40’s to a large highway system that started to be 
built after Wwnr. While the former has been 
dismantled in face of diminishing investments and 
decreasing levels of service, the latter has been 
increased and improved, benefiting fiom road tax 

EVELOPMENT IN B 

The Brazilian national transport system evolved 
from a large railway system in operation until the 
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that was levied in the 50’s (and terminated with the 
new 1998 federal Constitution). Consequently, bus 
and truck transportation on highways are responsible 
for most of the transport-related energy consumption 
and the diesel oil is the main source of energy. 

At the urban scene, in the first decades of the 
century public transportation in main cities was 
provided by tramways, specially in important cities 
such as Rio de Janeiro and Sdo Paulo. Small private 
bus operators then started to offer public 
transportation, as complimentary services and 
became the dominant mode fiom the WWII on, as 
long as tramway networks were not expanded to 
peripheral areas. In the 60s, all tramway systems 
were dismantled, as part of a political and 
ideological process that saw them as “old” 
technologies that caused traffic “congestion”. As a 
consequence, in the 70’s all middle and large cities 
in Brazil had their public transportation based on 
diesel buses, with few large cities having important 
railway and subway systems. In parallel, a steady 
increase in the use of automobiles - largely 
supported by public actions at all levels - started to 
change trip modal split, with decreasing use of 
public transportation modes and increased use of 
private transportation. Severe problems of 
congestion, traffic accidents and pollution begun to 
be experienced by larger cities. 

At the institutional side, transportation issues are 
dealt with by technical agencies - either 
regionalkate (metropolitan areas) or local 
Departments of Transportation (cities). With public 
transportation, unlike other Latin American 
countries, the market in Brazil is regulated, 
subjected to formal contracts defining routes, 
vehicles and fares, which demands a permanent 
relationship between the public and the private 
sector. Traffic issues are dealt with by state 
authorities (vehicle and drivers’ licensing) and by 
local authorities (planning, signing and operation), a 
task division that has been mandated by the new 
Brazilian Traffic Code (as off January 1998). 
Beginning with the new Brazilian 1988 Constitution, 
the Federal government saw the urban transport 
issue as a local one, therefore reacting against its 
participation in the financing of even major systems 
such as railway and subways. A major privatisation 
program was launched, passing federal urban 
railway systems to either state authorities or private 
agents. 

2. MAJOR CHALLENGES OF URBAN 
TRANSPORT 

Urban transport in Brazil is facing major challenges 
related both to its internal deficiencies and to 
external economic and political factors. The main 
problem is how to ensure a high quality, sustainable 

public transportation system considering the 
uncontrolled urban growth, the persistent poverty of 
a large part of the population and the increasing use 
of private transportation. Main challenges are 
summarised below. 

The first is policy uncoordinated actions: most 
agencies in charge of policies influencing transport 
conditions act by their own and are loosely tied by 
hierarchical or legal linkages. The problem is 
specially severe with respect to land use and its 
impacts on transport demand, and with respect to the 
relationship between agencies in charge of public 
transport and traffic. Urban, transport and traffic 
policies are seldom coordinated. Most cities have 
either a transport, a traffic or a roadway department 
but rarely an urban planning agency. Urban 
development occurs almost without control, under 
weak regulations, which leads to longer transport 
distances and energy inefficiency. At the 
metropolitan scale the problem is even worse, once 
state and local powers also conflict on how to 
manage common issues. 

The second is the crisis of the state: the urban 
transport problem has been aggravated recently by 
the crisis of the state and the corresponding attempt 
to either deregulate or privatise transport services. 
At the institutional side, the state seems to be 
leaving apart its primary planning role, relying on 
the supposed capability of the private sector to 
assume financial risks and planning tasks. There is 
an implicit assumption that the market and the 
private sector can replace the state in ensuring 
adequate transport services. At the economic side, 
the fiscal crisis hinders the support to efficient 
public transportation systems and to distributive 
social policies. Large transport infrastructures, 
which rely on public investments, are becoming less 
feasible and subsidies to special groups are subjected 
to increasing opposition. The crisis is also related to 
the continued poverty of most of the population, 
which prevents people from paying public 
transportation fares. Both problems have sustaining 
a continuous crisis in the supply of adequate public 
transportation means and have consequently been 
supporting transport deregulation and privatisation 
proposals. However, the attempt to privatise public 
transportation infiastructure is facing problems, once 
many prospective private sectors are reluctant on 
giving their financial support As a consequence, 
overall public transportation conditions continue to 
be inadequate. Another financial issue hrther 
complicates the problem. Current federal norms, 
related to the tight control of fiscal deficits, prevent 
public agencies fiom borrowing money fiom the 
Brazilian Economic Development Bank (BNDES). 
Therefore, any investment on new public 
transportation mfiastructure with public funds is 
officially prohibited unless a private agent accepts to 
borrow the money and to take the risk. As stressed 
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before, few private agents are willing to do this in 
the case of public transportation investments. 

The third is the poor access to public 
transportation by captive users: the persistent 
poverty of most people, coupled to an often rigid 
market approach to the supply of public 
transportation, generated a permanent conflict 
among accessibility, fare level and business 
profitability. Supply is permanently subjected to 
instability (White, 1990; Figueroa, 1991) and spatial 
and time coverage are often limited by the need to 
ensure a profitable operation. Other effect is the 
tendency to dilapidation of the fleet, with direct 
impacts on passengers’ comfort and safety as well as 
on the availability of vehicles for daily operation. 

The forth is the poor travel conditions for bus 
users: abusive consumption of street space by 
automobile users was directly supported by large 
resources directed to improve traffic overall 
conditions in the cities (Vasconcellos 1997a). 
Meanwhile, few effective priority measures were 
applied to bus operations, once most curbside bus 
lanes implemented in the 80’s had little effect on 
average speeds (CET, 1982). Even important bus 
corridors - like the Santo Amaro/9 de Julho convoy 
system in SZo Paul0 - were progressively 
abandoned, losing most of the initial benefits. Large 
resources were applied to increase road capacity for 
automobiles, while leaving buses to their own fate, 
struggling for road space. As a consequence, buses 
remained losing their reliability and patronage. 

The fifth is the maintenance of poor transit 
service quality: railway services are extremely low- 
quality, with old equipment, unsafe traffic 
conditions, crowded trains and general unreliability. 
Bus services , to a lesser extent, are also inadequate: 
vehicles are a poor adaptation from truck structures, 
with little internal comfort, high internal noise levels 
and vibration, high entry steps (preventing many 
elderly from using the system) and poor information 
to users. 

The sixth is the emergence of illegal public 
transportation: the deficiencies of bus operation and 
quality led to the increased use of illegal mini-vans 
for public transportation, mimicking the normal 
conditions in other Latin American countries. This 
shift received immediate support from part of the 
users, especially those living in the more remote 
areas, once it charges the same bus fare for a better 
service. Support also came from a large part of the 
media and the politicians as well, based on the 
supposed role of such vans to decrease 
unemployment. This initial marriage between 
providers and users now started to face problems, 
once the same negative consequences observed in 
other Latin American countries appeared: 
oversupply of services, leading to decreasing 
revenue for van operators and consequent lack of 
funds to provide adequate vehicle maintenance; 

occurrence of fatal accidents, without legal 
protection for those harmed; organisation of local 
“mafias” by some van operators, that preclude new 
van operators to enter the market; increased 
pollution and congestion; disrespect for routs and 
bus stops; increased unemployment of drivers and 
fare collectors of regular buses; use of illegal infant 
workers as fare collectors on vans. The problem is 
extremely serious, not only for its social 
consequences but also for the decrease in patronage 
of regular bus services, estimated in 20-30% in the 
last two years (NTU, 1998), with consequent 
pressures to increase bus fares. 

The seventh is the support to private 
transportation: private transportation was made 
accessible to selected sectors - the new middle 
classes created by the income concentration process 
which characterised Brazilian economic 
development. The access was facilitated through 
bank credit and the organisation of vehicle 
consortiums, when people belonging to a group pay 
monthly instalments (up to 50) in order to have a 
car. The possession and use of the automobile was 
also facilitated by extremely low license and 
insurance taxes (about US$ 100 a year), plenty of 
free parking spaces on streets and often low gasoline 
prices (currently, about US$0.55 a litre). 

3. ALTERNATIVE ACTIONS 

The current crisis has to be treated by combining 
several actions pertaining to the three main fields of 
public policy that mostly interest to urban 
development in the sense analysed in this paper: 
urban, transport and traffic policies. The 
coordination among such policies is the core of the 
proposals that have been advanced by the ANTP - 
Brazilian National Public Transportation 
Association to improve quality of life, equity and 
efficiency in Brazilian towns, as part of a major 
project called ‘”Projeto Transporte Humano” (Human 
Transport Project) (ANTP, 1996). The main 
proposals of such project are summarised below. 

3. I Organising a National Policy for Urban 
Transport 

Despite the decentralisation objectives of the 1988 
Constitution, Brazil needs a national policy for 
important national issues such as education, health, 
social security and transport. National policies do 
not harm democracy or political decentralisation 
targets and are needed as vital tools to support 
national broad objectives. Such policies have to 
work to join federal, regional and local resources, in 
a coordinated way, respecting the characteristics of 
each level of power. The main objective of such 
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policy has to be the organisation of urban transport 
systems that are equitable, efficient and sustainable. 
Consequently, public transportation has to be seen as 
a priority, a vital tool to reorganise Brazilian cities. 
The national policy for urban transport has to define 
principles, objectives, goals, resources and control 
tools. It is suggested that goals are defined for the 
following areas: institutional capability; public 
transportation quality; traffic quality; traffic safety; 
energy use; environmental quality. Clear financial 
resource sources have to be defined, in order to 
cover the costs of the new transport systems. 

3.2 Ensuring institutional coordination between 

The overcome of unsustainability tendencies relies 
on major changes in institutional arrangement. The 
new Brazilian Traffic Code, issued in January 1998, 
assigns the responsibility for traffic planning and 
operation to city authorities. This is an excellent 
opportunity to organise local agencies that will deal 
both with traffic and public transportation, therefore 
overcoming some of the worst barriers to the 
provision of good public transportation. At the 
metropolitan level, if a better balance between 
regional and local power still remains to be reached 
in formal terms - once mayors still retain their legal 
powers over most local issues -, the reorganisation 
of public transport agencies has to be accomplished, 
through a political decision among mayors and state 
officials. 

transport and traflc 

3.3 Organising land use vis a vis transport 

To combine land use and transport policies is 
probably the long lasting and more deceiving 
objective in the field of urban planning. In 
developing countries, where democracy is fragile at 
best and profound social and political differences 
generate large bias in the decision making process, 
the problem is very serious. Cities should reorganise 
their agencies, by creating tighter linkages between 
urban, transportation and traffic policies. They 
should also create new spaces for interaction 
between governmental policies and society, around 
common goals of urban development that will lead 
to better solutions. 

3.4 Organising public transportation networks 

The Brazilian experience with bus corridors and 
service integration should be used to organise large, 
integrated public transportation systems, combining 
several technologies. Marketing efforts should be 
made to promote public transportation as a vital 
element for city sustainability. Political efforts have 

to be made to supersede current legal barriers, in 
order to invest public money in sound, efficient 
public transportation projects. The current regulatory 
environment has to be evaluated to be improved, in 
order to ensure high quality, efficient and 
sustainable public transportation services. Services 
by smaller vehicles may be very convenient in 
several cases and therefore may be treated as a 
special case to be included in the system whenever 
considered an important contribution to it. 
Otherwise, illegal transportation should be enforced 
and impeded. 

3.5 Ensuring priority treatment for public 
transportation 

Road space should be reorganised to ensure effective 
priority to buses. Considering the average city 
roadway structure, bus services could run from 20 
km/h in dense central areas to 25-28 km/h in bus 
corridors representing major improvements over 
current levels. Proper signing, enforcement and 
operational resources should be used to ensure 
adequate daily operations, The new system should 
be monitored by special field personal and a special 
surveillance electronic system. A new, high quality 
public information system should be developed. 
New ways of purchasing and using tickets - 
specially for integrated trips - should be developed. 
Accordingly, proper quality indicators should be 
adopted as a basis to guide action and adopt 
corrective measures. The quality of daily bus 
operation should be placed on the highest point on 
the scale of importance of traffic department. 

3.6 Creating alternatives for auto users 

The historical support to automobile use and the 
importance of this technology to middle class 
economic and social life make the use of alternative 
public transportation very difficult (Vasconcellos, 
1997b). However, many possibilities remain. First, 
if conventional bus services are reorganised at full 
efficiency, the lower income strata that shifted to 
the automobile may change back again. The same 
can be said of part of middle class young children in 
their shoo1 and leisure trips. Second, if new 
vehicles are developed, the service will be able to 
attract much more people. Especially relevant are 
internal comfort, low floor/low entry and, automatic 
suspension, in addition to modem communication 
devices for the users. Third, if high quality special 
bus services are organised, part of the automobile 
trips may shift to it. The new services already 
operating in some cities may be analysed. 
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3.7 Reassessing road expenditures 

A large part of the economic resources that are 
supposed to lack for using on public transportation 
has been used in road investments, based on the 
myth that they correspond to overall public interest. 
This myth has to be opposed by reassessing 
investments on transport infrastructure. The 
questions that should follow any road investment is 
''who is going to profit" and "how public 
transportation will benefit"? These investments 
should be connected to urban planning decisions that 
enhance the importance of public transportation. 

3.8 Charging for the automobile costs 

Private transportation use should be reorganised, to 
minimise or eliminate its negative impacts. Among 
them, accidents and congestion are prime concerns. 
Traffic safety should be dealt with through physical, 
enforcement and educational actions. Road system 
should be redesigned or adapted at the 
neighbourhood level to appropriate space in favour 
of non-motorised and public transportation means, 
while subjecting the automobile to strict circulating 
rules. Enforcement should be reorganised by 
creating civilian police forces especial trained and 
by changing enforcement logistics towards the most 
dangerous and socially unacceptable traffic offenses, 
such as those threatening pedestrians and harming 
public transportation efficiency. Environmental 
impacts of automobile use should be strictly 
controlled, by permanently monitoring actual 
emission rates on streets. 

3.9 Improving the environment 

Air pollution problems can be minimised by 
reducing vehicle emissions, increasing the share of 
public transportation on total trips and reducing the 
need for motorised transport. In the first case, the 
use of electricity, new fbels (GNC) and new 
technologies for public transportation have to be 
supported and developed. In addition, periodic 
vehicle inspections should be organised, both for 
public and private vehicles. In the other cases, 
improvements may be made by combining several 
measures described above. 

4. CONCLUSION 

Actual public transportation conditions in Brazilian 
cities may be qualified as inadequate, considering 
spatial coverage, service quality, efficiency and 
reliability. With railways, current conditions are 
dramatically inadequate. In face of decreasing 
investments and service quality, public 

transportation patronage has experienced a sharp 
decrease, while the use of private transportation 
increased, causing congestion, pollution and 
accidents. This decrease was recently worsened by 
the use of mini vans to provide illegal public 
transportation in large cities, with support from 
users, the media and the politicians. All these 
problems combined have jeopardised the public 
transportation system to such an extreme that 
challenges its survival as an organised system. 
Brazilian cities cannot afford the dismantling of their 
public transportation services, once this would bring 
enormous social and economic problems, along with 
general unsustainability . 

To overcome such challenges, major efforts have 
to be made. The most important are the definition of 
a national policy for urban transport, joining efforts 
of the federal, regional and local governments, with 
clear objectives, goals and financial sources; 
institutional arrangement between transport and 
traffic policies, both at local and regional levels; the 
control of land use and occupation and its 
organisation vis a vis transport requirements; the 
organisation of public transportation networks, with 
high quality and integrated services, under a new 
regulatory environment; the priority treatment of 
public transportation on the available roadways and 
the fighting against illegal public transportation; the 
creation of public transportation alternatives for auto 
users; the reassessment of road expenditures to use 
public fbnds in a more equitable way and the 
charging of the costs automobiles cause to society; 
finally, the promotion of new technologies and 
service organisation to decrease the need of 
motorised transportation and enhance environmental 
quality. 
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ABSTRACT: The effectiveness of'the bus-transit innovations in the Brazilian city of Curitiba, Paranh, has attracted consider- 
able attention worldwide. In the United States Phoenix, Arizona, has, like Curitiba, grown quickly, but with the automobile as 
its primary mode of transportation. The authors explore the implications of applying successes h m  developing countries to 
glaring needs in the developed world, as well as the lessons that can provide guidance to meeting the extraordinary transporta- 
tion and environmental challenges in the developing world. 

RESUME: L'efficacite des innovations dans le domaine des transports par autobus, dans la ville bresilienne de Curitiba en 
Parana, a suscite un intkrCt mondial considerable. Aux Etats-Unis, la ville de Phoenix en Arizona a connu, comme Curitiba, une 
croissance rapide. mais toutefois avec la voiture comme mode de transport principale. Les auteurs explorent les implications de 
la mise en pratique des succks rtalises dans les pays en voie de diveloppement afin de satisfaire les besoins pressants des pays 
dkveloppes. De plus, ils degagent les leqons qui peuvent aider les pays en voie de developpement a nelever ies extraordinaires 
dkfis dans les domaines du transport et de I'environment. 

RESUMEN: La efectividad de las innovaciones en materia de transporte masivo en buses en la ciudad brasilefia de Curitiba. 
Paranh, ha atraido considerable atencion a nivel mundial. En 10s Estados Unidos de America, la ciudad de Fenix, Arizona, ha, 
como Curitiba. crecido rhpidamente, pero con el automovil corno principal medio de transporte. Los autores exploran las 
implicaciones de aplicar Cxitos provenientes de paises en desarrollo a las mayusculas necesidades que hay en 10s paises 
desarrollados, 10 mismo que las lecciones que pueden guiar la solucion de las extraordinarias necesidades en materia de 
transporte y medio ambiente en 10s paises en desarrollo. 

1 INTRODUCTION 

People around the world are caught in a transportation crisis. 
Whether for environmental, fiscal or social reasons, the auto- 
mobile is no longer seen as the solution to this crisis. Trans- 
portation planners are looking to public transit to provide 
mobility and accessibility, and have begun to focus on the in- 
teraction between transportation and land use. 

In the United States and other more developed nations. 
many medium sized cities are at a point where contemporary 
decisions will have an extraordinary impact on how the city 
will grow and change, and ultimately on the city's economic 
health and quality of life. While there may be some common 
perception of the problem, there is little agreement on the ap- 
propriate solution. 

Cities in developing countries exhibit a wide variety of 
transportation problems, also in need of solution. In mega- 
cities like Mexico City \\it is difficult to change basic direc- 
tions. Other growing cities, including many in Central Amer- 
ica, are poised on the horns of a dilemma. Decisions today re- 
garding public vs. private transport will greatly influence the 
development of the city and future quality of life. Making no 
decision will likely guarantee a vicious cycle of auto de- 
pendence, urban sprawl and economic distress. 

1 .1  Common Questions 

People, planners and politicians all around the world are ask- 
ing similar questions: 

Why is traffic so congested? 
Why is bus service so bad? 
Is downtown deterioration, or peripheral sprawl, the 

source of the problem or a symptom of a deeper malaise? 

Wouldn't building a rail transit line solve the problem? 
If we do, where will the money come from? 
Could a bus-transit system like Curitiba's be the answer t o  

our transportation crisis? 

1.2 Possible Directions 

.4r the heart of the public transport dilemma is the question of 
mode. While throughout the world most transit riders are be- 
ing served by bus, there is the widespread belief that bus 
transportation is insufficient in either quantity or quality t o  
plan a city around. It seems there is hardly a city that is not 
considering a rail transit line; and European cities especially 
illustrate the remarkable urban vitality that can come h m  an 
urban rail transit system and connecting railroad network. 
Buses, however, fail to capture the imagination. They have an 
image problem. 

Curitiba is a rare exception. Its bus-transit system is so ef- 
fective that 75% of the population, both captive and choice 
riders, use it on a daily basis to get to work. Housing and 
commercial developers believe sufficiently in the bus system 
to locate new buildings along it, and bankers provide the fi- 
nancing. This is not just planning--it is a reality. 

In the United States, the Federal Transportation Admini- 
stration is promoting buses through their Bus Rapid Transit 
(BRT) program. This strategy might not only to save money 
on individual lines, but make it possible to develop more ex- 
tensive citywide systems of public transportation. 

The authors believe that by borrowing individual charac- 
teristics of the innovations that Curitiba has pioneered sig- 
nificant benefits to bus transportation can be achieved. How- 
ever, creating a successful transit network with buses, one 
that will shape the development of a city, is likely to be illu- 



sive without an in-depth understanding of the complexities of 
Curitiba's system. There are still many times when rail transit 
will be an essential component of an integrated transit net- 
work. 

1.3 Definitions 

In  this paper, Curitiba will be used to refer to the City of Cu- 
ritiba and metropolitan Curitiba will mean the City and the 
urbanized portions of 11 surrounding towns. Phoenix will be 
used to refer to the City of Phoenix itself and Maricopa 
County will mean the urbanized area of metropolitan Phoenix, 
including incorporated cities and towns, and unincorporated 
but urbanizing parts of the county. 

2 BACKGROUND 

The population statistics of Curitiba and Phoenix bear re- 
markable similarities. In the 1930's, both of these cities had a 
population of around 100,000 people. Both were reasonably 
compact cities primarily served by public transportation. 

In 1960, both cities had increased to 400,000 residents 
within metropolitan populations of approximately one-half 
million. By 1990, Curitiba's population had reached 1.6 mil- 
lion and Phoenix' 1.2 million, both within metropolitan areas 
totaliiig just over 2 million people. 

The land use and transportation patterns of these two cit- 
ies, however, have for many reasons taken quite different 
paths. In metropolitan Phoenix, public investment in roads 
and private investment in cars has gone hand in hand with 
low-density residential development and scattered iommer- 
cial activity. In Curitiba, a carefully choreographed organiza- 
tion of the bus-transit network and zoning controls has re- 
sulted in more concentrated housing and commercia! 
development focused on public transportation. 

2.1 Curitiba, Brazil 

Curitiba is well known for its bus-transit system and the 
critical role that the city's successful transportation network 
has played in the development of socially positive and envi- 
ronmentally friendly land use patterns. This network has been 
created and incrementally improved over the past thirtv years, 
concurrent with the four-fold growth in the city's popula- 
tion. 

Figure 1. Cities with similar populations but differznt areas. 

A more extensive descriptioa ol'the bus !ransit sqstem in 
Curitiba can be found in the Lvritings of Jonas Rnbinovitch at 
the 5nited Nations Development Programme and Robert 
Cervero at the University of Califoniia at Berkeley. Presenta- 
tions on Curitiba by the authcrs 3f this paper will appear i n  
the Proceedings of the American Society of Civil Engineers' 
March 1999 conference on Urban Pub!ic Transportation. 

2.2 Phoenix, Arizona 

Maricopa County (metropolitan Phoenix, Arizona) has also 
seen an exponential growth in population during this same 
period. Similar to most of the rest of the United States, this 
growth has primarily centered around the automobile. Trans- 
portation planning, infrastructure investment and commercial 
development have all assumed that the automobile was both 
desirable and appropriate. 

The limitations of the car: congestion, air pollution, and 
reduced mobility for a substantial minority of citizens to name 
a few, were either not perceived or overlooked. The resulting 
urban sprawl and related traffic congestion has become ex- 
ceedingly costly and highly inefficient. Current planning is 
attempting to find effective ways to reverse this trend. 

2.3 Co mp a r is o ns 

A comparison the demographics of Phoenix and Curitiba i l -  
lustrates how differently these two cities have developed. It 
also provides some background when one atrempts to evalu- 
ate the potential for success of current planning efforts. 

Figure 1 shows the plan of the City of Curitiba and the 
communities that make up its urbanized metropolitan area 
next to that of Phoenix and the surrounding municipalities 
and urbmized portions of Maricopa County. While the met- 
ropolitan populations, today at around 2 1/2 million, are 
nearly identical, the densities are quite different. 

The density of the City of Curitiba is around 40 people per 
hectare (one hectare=2.5 acres). and the metropolitan density 
is 23. Along the transit spines, density is over 100 people 
per hectare. The City of Phoenix' density is approximately 1 1. 
and metropolitan density is in the low single digits. Because 
it has evolved with the automobile, commercial development 
in metropolitan Phoenix is much more widely dispersed than 
in Curitiba, where it has located along the bus-transit spines. 

The transportation statistics are widely divergent. Auto  
ownership in Curitiba is 300 cars per thousand people and 
neariy double that nuniber in Phoenix. Published figures for 
modc-split show that 75% of the work trips in Curitiba are 
made on public transit, while this number in Phoenix is 2%. 

One surprising comparison is the personal cost of trans- 
portation. While the cost of a transit token in Curitiba in US 
dollars seems to be a bargain ($0.40 to travel across the city 
with free transfers) this is the equivalent of $8.00 per day 
when one takes into account the difference in earning power 
between cities. With this income, the transit system in Cu- 
ritiba pays its own way, while the $0.75 fare in Phoenix cov- 
ers only 3C%.of operating costs. But, of course, the cost of a 
car in Phoenix ($6,00O/year to have a car to go to work trans- 
lates into $24.00/workday) is three times as expensive as tak- 
ing the transit to work for a Curitibano. 

Public expenditure on transportation ir, Curitiba (to bui Id 
and maintain bus lanes, platforms, terminals, and a dense road 
network) is very low compared to Phoenix (which must pay 
transit capital costs and operating subsidies, and build and 
maintain an extensive roadway network). 

To compare the effectiveness of these two systems it would 
be illuminating to find some realistic method ~f measuring 
transportation time saved or lost in the two cities. 

To conclude. however, it is fair to say that people in both 
cities pay a lot for transportation. What they get is quite dif- 
ferent as well. 
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3 CONTEMPORARY PLANNKNG IN THE TWO CITIES 

Both Curitiba (with some assistance h m  the state of Parana) 
and Phoenix (lead by the efforts of Maricopa County) are ac- 
tively working to improve the quality of transportation, and 
to direct the development of the metropolitan area in anticipa- 
tion of continued growth. 

3.1.1 Challenges in Phoenix 

Maricopa County is preparing for continued rapid growth, 
and at the same time hoping to correct many contemporary 
problems. It is currently considering major improvements t o  
its public transportation system and methods of intensifying 
urban development in an effort to improve the quality of its 
physical and social environment. A Maricopa County Com- 
prehensive Plan entitled "2020 Eye to the Future" has been 
developed through an intensive process involving citizens, 
planners and elected officials. 

3.1.2 A Plan for Metropolitan Phoenix 
The Comprehensive Plan describes a transportation system 
for Maricopa County that is balanced among modes, is inte- 
grated with land use, provides for safe and efficient movement 
of people and goods, is environmentally sensitive and sup- 
portive of economic development. 

Maricopa County is served by an extensive system of 
roadways that carries more than 50 million vehicle miles of 
travel per day. This travel exceeds the system's capacity in 
many corridors every day; and travel growth will be far 
greater than the region's capability to provide additional ca- 
pacity. Public transportation is seen as a critical component 
of a balanced transportation system as it provides a transpor- 
tation choice for choice riders, mobility for the transit de- 
pendent, young and elderly riders, and relieves travel pres- 
sure in highly congested corridors. Phoenix believes that no 
region can be considered as world class without an effective 
public transportation system that is integrated with land use 
and, the Phoenix region lacks that basic urban necessity. 

What role can Maricopa County play in transit in the 
Phoenix region? 

The Comprehensive Plan and the Transportation System 
Plan adopted by the Board of Supervisors in 1997 provide 
guidance. Much of unincorporated Maricopa County is ur- 
badsuburban in nature and Maricopa County is the logical 
service provider in those areas. Legislation passed in the 
1999 State Legislature would appear to eliminate the Re- 
gional Public Transportation Agency (RPTA) when the cur- 
rent transportation excise tax expires, and that begs for a 
greater County role in serving its constituents. County part- 
ners in the cities and towns are looking to Maricopa County 
to assume a transit role both within selected city corridors 
and in unincorporated areas at the urban fringe. 

3.1.3 

The transportation element of the Comprehensive Plan con- 
tains goals and objectives to help guide transportation deci- 
sions. The goal of this element is to provide an efficient cost 
effective, integrated, accessible. environmentally, sensitive, 
and safe countywide multi-modal system that addresses exist- 
ing and future roadway networks, as well as promotes transit, 
bikeways. and pedestrian travel. 

Maricopa County Goals and Objectives 

Within this goal, the following objectives apply: 
* Reduce the proportion of trips made in single occu- 

* Increase transit ridership, 
* Employ applicable technology to improve the use of 

* Identify and accommodate transportation corridors, 

pancy vehicles, 

transportation facilities, 

* Optimize public investments, and 
* Minimize travel times. 

3.1.4 Components of G Comprehensive Transit Program 

The following elements are components of the Phoenix and 
Maricopa County transit programs: 

* Phoenix Rapid Transit System -- At the center of this 
metropolitan area, The Maricopa Associated Governments 
and the RPTA have adopted the recommendations of a Major 
Investment Study to design and build a light rail transit sys- 
tem. This 25-mile Central PhoenidEast Valley LRT Project 
between Phoenix and Mesa would connect the downtowns of 
Phoenix and Tempe in its initial phase. A future extension t o  
the northwest would link Phoenix with the Chris-Town Mall 
and Metrocenter. Seven addltinnal corridors are being stud- 
ied for future fixed-guideway transit. It is estimated that this 
project will cost $40 million per mile. 

* County Villages -- In an effort to guide rural expansion, 
and to improve public transportation, Maricopa County is 
planning for its future space needs and has identified a decen- 
tralized service delivery model where employees would serve 
customer needs at locations remote kom the central city in 
County Villages. These villages would include not only 
government service offices, but also commercial and other 
uses in a citizen-oriented environment. Sites for seven vil- 
lages are being studied. The concentration of public and pri- 
vate services at each village would lend itself well to transit 
service, both for those employed in the village as well as 
those using the services. 

* Downtown Area Shuttle -- Phoenix Transit and the 
Downtown Phoenix Partnership have approached MCDOT 
to renew County sponsorship of the DASH that serves many 
County offices. MCDOT has expressed interest but only if the 
partners consider enhancements to the system such as incor- 
porating Intelligent Transportation System features and en- 
hanced bus stops. Maricopa County can demonstrate a com- 
mitment to transit and demonstrate its performance by 
sponsoring DASH and instituting improved customer service 
and service delivery. 

* Express Transit Corridors -- Curitiba, Brazil; Adelaide, 
Australia; and Ottawa, Canada are all examples of successful 
express transit corridors that incorporate advanced vehicle 
technology, intelligent transportation systems, electronic fare 
payment, integrated land use and publdprivate partnerships 
to deliver service superior to the automobile. Maricopa 
County can demonstrate a commitment to finding creative and 
innovative solutions to transit through feasibility planning. 
corridor planning and implementation through legislation or 
other means as appropriate. The concept is to request the pri- 
vate sector to identity express transit corridors where they 
could enjoy development incentives and profits in exchange 
for providing public transportation service. 

* Joint Development Feasibility Demonstration Study -- 
Miami, Florida and Portland, Oregon are two examples where 
government has negotiated development rights of government 
land with the private sector in exchange for rent, a percentage 
of profits and private sector provision of public infrastructure 
and improvements. In Miami, the private sector developed 
commercial uses of property adjacent to transit stations in ex- 
change for rent and a percentage of profits. In Portland, the 
private sector enjoys profits from a 400 acre commercial site 
near the airport in exchange for interstate improvements and 
extending light rail transit through the site to the airport that 
is not currently served by the LRT system. Maricopa County 
hopes to demonstrate a commitment to finding creative and 
innovative solutions to transit through feasibility planning 
of joint development and drafting legislation to put the idea 
into practice. The concept is to package properties for private 
sector development in exchange for rents, royalties and public 
infrastructure and services. 
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* Rural Transit -- The Rural Transportation Study identi- 
fies several corridors where bus service for rural communities 
ar?d residents can allow those constituents to have greater ac- 
cess to the goods and services in metropolitan Phoenix. 
MCDOT and Human Services have worked together to pursue 
funding for the plan through State and Federal sources and 
will  continue to do so. 

* Unincorporated Community Transit -- The Board of Su- 
pervisors adopted the Transportation System Plan in Decem- 
ber 1997. ‘This plan identifies several large unincorporated 
communities like Sun City, Sun City West, and Sun Lakes 
where the County could provide transit services to connect 
those Communities with the regional transit system. Maricopa 
car1 demonstrate a commitment to transit to serve unserved 
and underserved suburban constituents living in established 
master-planned communities. 

* Technologikal Improvements -- Also being proposed for 
the me:ropolitan transit system is the incorporation of Intel- 
ligent Transportation System technologies. Vehicles would 
he eqilipped with automatic vehicle locators that transmit 
signals to kiosks at bus stops to inform riders when the bus 
will arrive. Smart card technology would make fare collection 
more efficient and minimize boarding time and improve serv- 
ice. Innovative approaches to route design and vehicle tech- 
nology would make the transit system more attractive and ef- 
iicicnt. 

‘This comprehensive approach to transit is designed to  
meet the basic public transportation needs of Maricopa 
Couniy customers but to do so in a creative and innovative 
environment. Success in any one component would be a tre- 
mcndcus accomplishment but the overall program is best 
served by committing to the total package. 

3.  I .5 Cost ar?d Funding 

Public transportation is an expensive proposition but at 
the same time, traditional roads and streets are expensive as 
well The 2,800 mile road system that MCDOT maintains is 
conservatively valued at more than $3 billion. Typical 
MCDOT roadway construction can be close to $1.5 million 
per mile with annual operation and maintenance costs of al- 
most $20,C@O per mile. Freeway construction can exceed $20  
million per mile while freeway-to-freeway interchanges can 
exceed $100 million. The 25-mile light rail transit (LRT) cor- 
riaor between central Phoenix and the East Valley i s  esti- 
mated at nearly $1 billion, with 50% of the funding antici- 
pated to be federal sources. Conventional buses exceed 
S300.000 to purchase. 

Funding traditionally has been a combination of federal 
transit funding, local general fund subsidy and fare collection 
with an overall fare box recovery of about 25% of service 
costs. This might be the anticipated funding scenario for the 
rural transit and unincorporated transit service. However, 
some transi! properties throughout the world enjoy fare box 
recoveries that exceed 50% and in rare instances, like Cu- 
ritiba, Brazil, the fare box recovery will pay the full bill. Mari- 
copa County intends to pursue innovative and alternative 
approaches to reduce public subsidy. 

Some approaches that have been successful elsewhere that 
Phoenix is studying include: 

* Public/private partnerships, 
* Joint development of government properties, 
* Private sector corridor development incentives in ex- 

change for public infrastructure and services, 
* Incentives to encourage transit use (could be user in- 

centives, residential or commercial developer incentives, or  
employer incentives), 

* Disincentives to single occupant vehicle use, and 
* Collaborations with other service providers. 

3.2. I 

Curitiba, as well. is feeling new pressure 10 satis?\ the srsw- 
ing demands of the automobile. Foilowing !he esp:risr.ci i n  

Contempororv (Yhallcnges in Curi!th(i 

more developed countries. suburban residential expan~ie,n, 
“big-box” retailing and new shopping centers are creatmg 
traffic congestion that may imperil the efficiency of the city‘s 
public transportation system. 

3.2.2 Curitiba’s Current Planned Interventions clnd LOllg 

Range Strategies 

At IPPUC (the city Planning Agency) and URBS (Ur- 
banization of Curitiba, the bus authority), urban planners, ar- 
chitects and civil engineers are studying new ideas for im- 
proving the road system and m a s  transit. With the predicted 
continued increase in the population of Curiiiba, it is neces- 
sary to find alternative solutions to the anticipated increase 
in automobile circulation in the city. 

The city is currently concerned about the air pollution in- 
dex, the increase in volwne of mass transi! users, and the lack 
of space for parking in the downtown. Included in current 
studies are electric vehicles, buses with dieselialcohol fuel. a 
future rail transit line and underground parking. 

* Rail-Transit Connection to the Industrial City -- A major 
new initiative has recently begun to develop a heavy-rail 
transit line linking the downtown with the peripheral Indus- 
:rial City. This above-grade line, tc be buiit in partnership 
with Japanese investors, would focus fiirther concentrated 
development and include a linear park. Zo,r,ing has already 
been changed to make the land acquisition possible. The first 
phase of 18 kilometers is expected to cost $370 million. 

* Metropolitanizatiori of thc Bus-Transit Network -_ The 
long-anticipated prccess of reducing direct access by metro- 
politan buses into downtown Curitiba has begun. Bus serv- 
ice in outlying towns is being directed to the ends of the ra- 
dial system in an effort to strengthen these outlying activity 
centers and to reduce overall traffic. 

* Eiectric Vehicles -- The city is developing, in collabora- 
tion with the new automotive factories in Curitiba, an alierna- 
tive power system for automobiles: one which doesn’t pol- 
lute (Most electricity in Brazil is hydroelectric). The current 
number of privately owned c x s  in the city of Curitiba is 
580,000, which makes the development of electric transporta- 
tion viable. 

* Electric Buses -- This power alternative can also be 
adapted for eieitric buses, serving the entire population, thus 
contributing to the preservation of ths enbironment and the 
reduction in the number of cars in circulation. 

* Parking in Downtown -- The “Ecological Parking” pro- 
ject aims to create parking places surrounding the central area 
where the citizen can leave a gzs-run vehicle and take an elec- 
tric behicle. In exchange. the eiectric vehicle user wili the 
have easy access to all parking lots in the cente: of the city. 

* Undergrousd Parking -- By means of a program which 
awards public services to private initiative, underground 
parking will be added to downtown. These parking struc- 
tures will act as a support for the revitalization projects of the 
central region. The criteria far location will be a combination 
of technical feasibility, market, and the capacity of the envi- 
ronmental infrastructure. 

4 ANALYSIS 

4.1.1 Do Curitiba‘s Breakthroughs .+ply to Phoenix? 

Will the bus-transit concepts developed in Curitibz be NC- 
cessful in Phcenix? Several appear to be appropriate, and im- 
plementation should be straightforward. Others are more diffi- 
cult. Some may neither be possible, nor appropriate. 

8 4 ,  I .2 

I he characteristics of the Curitiba transit system that are most 
easily duplicated are incremental implementation and level 
boarding. 

INCREMENTALISM -- Curitiba’s system is the result of 
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an evolution in service organization and technology applied 
over time. 'l'his evoluticn was an essential characteristic for a 
system created in a developing city with severe limits on 
available capital. It should apply to cities in the United 
States as wetl where local financial assistance is limited and 
federal assistance is elusive and time consuming. A strategy 
of incrementalism that establishes an extensive bus network 
c a i  lead directly to the implementation of light rail transit. 
The hazard with starting with light rail is that so many transit 
dollars are used in a very limited corridor and development of 
the rest of the system may not be attended to. 

BOARDING -- Rapid and convenient boarding is 
achieved in Curitiba through the use of the stylish boarding 
tubes on the Express and Direct lines (which have the high- 
est volumes) In Phoenix, this important characteristic can be 
accomplished with low-floor buses, and by opening all doors 
to speed ingress and egress (made possible by a proof-of- 
purchase fare system.) 

4.1.3 Mnre Difficult Challenges 

More dil'ficult, but still reasonably possible for Phoenix will 
be creating a strong identity for the bus-transit system. 

IDENTITY -- Although, worldwide, buses carry many 
more people that rail transit systems, they lack a positive im- 
ege. It is said that people cannot rely on buses, and that cities 
are not shaped by buses. Curitiba has succeeded in giving 
buses a positive and powerful identity. The express bus spine 
is clearly defined by the exclusive bus lanes, the circular steel 
and glass loading platforms and the beautiful red bi- 
articulated buses. Even more visible are the twenty story 
towers of dense residential and commercial activity lining the 
busway The Identity of the bus tramit system in Phoenix can 
begin with catchy designs of bus and busway, but it won't be 
complete without the exclusive lanes, and, most importantly, 
reinforcing land uses. 

4.1.4 The Most Dif$cult Characteristics 

I h r  characteristics of the Curitiba transit system that are most 
difficult to apply in Phoenix are frequency of service, exclu- 
sive lanes, and coverage. 

FREQUENCY -. The short headways of Curitiba's bus 
system are a natural byproduct of the size of the vehicle and 
the cumber of people being served. Headways had become s o  
shor; on the trunk lines that platooning was required. The bi- 
articulated bus was developed to avoid problems at intersec- 
tions by reducing frequency. In the United States, the demand 
is an order of magnitude less, and the challenge will be to  
achieve sufficient frequency to attract ridership. This means it 
is verq' important to start with small vehicles, and only in- 
crease size with ridership. The cost of labor is often used as a 
reason to use large vehicles, however such a strategy dooms 
the system to infrequent service and spending too much o n  
vehicles. In addition, the lower labor rates for drivers of small 
vehicles may make it possible to pay for the additional driv- 
ers required. 

EXCLUSIVE LANES -- The exclusive lanes in Curitiba 
are essential to the system's reliability and to its identity. In 
the lJnited States it is dificult to achieve any reasonable par- 
ity with the origin to destination time of the automobile. 
High speed service, also a product of exclusive lanes, is of 
even greater importance when one is trying to get people out 
of their automobile. When there is vehicular congestion, the 
bus can be seen providing fasrer service. Providing exclusive 
lanes when traffic is already congested is difficult political!:?. 
however, because car drivers prcdominate. The bus-transit 
lanes appear to be making traffic worse for the car, whiie pro- 
viding for a service that is only infrequently visible (anoihsr 
reason to use small, more frequent buses). This is less of a 
problem where the exclusive lanes can bc added to rather thar. 
subtracted from the roadway. 

COVERAGE -- The transit oriented rnindset thar exists 
among the citizens of Curitiba would be impossible withaut 

the extensive coverage of the systern. A feeder bus route is 
within one-half kilometer of every dwelling. Using the bus 
network, one can get h m  home to any destination, and thus 
the system works for captive and choice riders alike. It b i l l  be 
very hard to duplicate this coverage in Phoenix because of 
the extreme distances and low densities rhat spread origins 
and destinations across the landscape. 

4.1.5 Issues that are Different in Phoenix 

Not all issues have any equivalency between the two cities. 
It may be inappropriate to attempt to apply one to the other. 

SCHEDULE -- With short headways, as in Curitib4 the 
reliability of the headway is important to the rider, especizlly 
the choice rider. In the case of Phoenix, with feiver riders on a 
line, the headways will necessarily be longer and schedule 
becomes more important. This is especia!ly true Cor the linked 
trips of feeder and mainline service. One opportunity i n  
Phoenix may be to provide a one-seat ride by allowing the 
feeder buses to continue onto the main line. The suthors be- 
lieve that. to be successful, service along the main line m?lsr 
have a frequency of 5 to 10 minutes with feeder frequencies of 
10 to 20 minutes, tightly linked to the main line schedule. 

CONCENTRATION OF LAND USE -- At the time Cc- 
ritiba's bus-transit system was initiated, the city's commerce 
was centered in a dense downtown. Since that time, commerce 
and dense residential development has grown a1or.g the 
spines. I t  is stylish to live i n  high-rise units. Phoenix, on the 
other hand, has already grown with scattered commzrciai de- 
velopment and low-density housing. Low density seems t o  
epitomize the American west. Successful public transporta- 
tion requires some concentration of uses, and Phoenix hopes 
to concentrate new development at County Vi!lages served 
by the proposed busways. It will be necessary to "prime the 
pump" with publicly sponsored development of t!irse re- 
gional service centers beforc private capitai will fo!low. 

4.2 Lessons that Curi!iSa might learn Jroni Phoenix 

In spite of its obvious success, the pressures on the transpor- 
tation network in Curitiba x e  great. These pressures will 
likely increase. Curitiba has beer. able to attracr many interna- 
tional manufacturing firms to provide jobs and to help in its 
economic development. Among thzse f m s  are Volvo. Ren- 
auk, Audi and Chrysler. Will the anticipated prosperity of 
Curitiba bring about greater auto usage the: will quickly 
doom the bus-transit systeni through congestion or disuse? 

Several of the realities of transportation planning in 
Phoenix can provide guidance to Curitiba. 

ACCOMMODATION OF THE .4TjTOMORILE -- The 
United States if filled with examples of cities that ha\.e at- 
tempted to become mare attractive and strengthen their econ- 
omy by building streets. highways and parking garages to 
satisfy the appetite of the car. The car is still hungry and de- 
mands more. Curitiba should already know that autos are not 
a prerequisite to a healthy downtown. Most center-cities in 
the United States have become less viable because of the car. 

CONGESTION -- Some plaiiners hope that in response t o  
clogged roadways people will choose public transportation 
(although people do seem to have a remakable tolerance for 
congestion). This argument may have validity where there is  
an extensive tiansit network. It may be more useful to look at 
Europe rather than to the United States to understand this 
tradeoff. I n  Curitiba. the hazard posed by congestion is that i t  
will bc a direct impediment to the bus syslem, a substantial 
portion of which shares the road with general traffic. 

GLOBALIZATION -- Multinational companies are be- 
coming a greater force in Curitiba. Big-box retailing and fast 
food seem to be a by-product of the car--or is it the other way 
around? Adapting these forces to a transit-dominant city wil l  
prove chailenging. 

METROPOLITAN EXPANSION -- People who settle at 
the edge of Phoenix generally do so at quite low density and 
have a higher than average income. In Curitiba, density at the 
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periphery is greater and income lower. In either case, it is dif- 
ficult to provide public transportation to serve this growth. 
A few US cities are learning that metropolitan growth 
boundaries, one method of achieving greater efficiency in 
providing public services, may also assist in keeping the city 
center viable. 

RAIL VS. BUS -- Both cities are caught up in the debate 
regarding the appropriate use of rail technology. When will it 
become essential to utilize the high carrying capacity of rail? 
Is there enough money to do so? Is rail transit the essential 
building block that will efficiently prepare the city for dec- 
ades of growth and prosperity? There is no agreement on the 
answers to these questions. The history of Phoenix illustrates 
that neither a rail nor a bus-transit system is immune to being 
overwhelmed by the car, especially in a country that subsi- 
dizes thc auto and suburban expansion so heavily. 

4.3 Predicting Success in Developed and Developing Coun- 
tries 

Ralph Gakenheimer notes that "Curitiba is a flagship case of 
the assertion that getting what you want is a matter of clearly 
knowing what you want." 

Mid-sized cities in both the developed and developing 
worlds are searching for answers to their transportation and 
land use dilemmas. Many US cities with deteriorating down- 
towns andor  high levels of traffic congestion are currently 
thinking that rail transit is the first step towards solving 
their problems. They may or may not have already come to the 
conclusion that building more roads will not resolve either of 
these issues. Moderate-sized developing cities also have se- 
verc trafic congestion, and are often caught in the same con- 
flict between private automobiles and public transportation. 

The choices made by these cities are likely to be, and 
should be, different for each individual situation. Social ex- 
pectations, the natural and built environment, politics and 
economic realities will all enter into the decision. 

The "public will" to put public transport needs ahead of 
private demands is no! the normal or fallback condition. The 
result of a lack of public action is greater reliance on the auto; 
This, however, does nGt mean that the problems of the city 
will be solved. In fact it ultinately means they will be more 
difficult to solve. 

There are lessons that can be learned kom both Curitiba 
and Phoenix in predicting the success of new interventions 
in both developed and developing countries. Consider: 

Interaction between transportation and land use, 
Housing and commercial location and density, 

* 
* 
* Specific transit strategies, 
* Incremental development--coverage and technology, 
* Financial realism, 
* Timing, and 
* Political leadership. 

To dwell on two of these, first focus on the financial reali- 
ties. The cost of both the transportation system and develop- 
ment is a complex interaction of public and private expendi- 
tures. Transportation money is spent on capital investment 
(building roads, laying rails, buying autos) and on operation 
and maintenance (transit drivers, gas and repairs for the car.) 
Similar examples can be given for development. These expen- 
ditures have a very complex relationship. Governmental ZX- 
penditures will affect private costs, and vice versa. There is an 
added complication in developing countries with no natural 
fuel resources or automobile industry. Nearly all the money 
spent on automobile transportation goes directly out of the 
country, while much of the money spent on public transit (in 
wages) benefits the local economy. 

Next, consider the interaction between transportation and 
land use. Public controls over development will guide the 
nature of land use as well as the type of transportation that 
can effectively service that development. Zoning throughout 
the United States was developed with the expectation that 
trucks and autos would be capable of providing efficient serv- 
ice. We now know that most zoning establishes land uses 

that are too dense for the auto, and too sparse for transit. 
Changes to this well-entrenched system is difficult and may 
involve both the carrots of encouragement to new transporta- 
tion systems and land use patterns as well as the stick of dis- 
couragement to counter-productive behavior. 

5 CONCLUSION 

In the eyes of someone from the United States, it is refreshing 
to see that in Curitiba such a well thought out plan for public 
transportation has borne fruit; however, there is concern that 
current planning is giving too much accommodation to the 
automobile. The worry is that accommodation wili never 
overcome vehicular congestion, and will ultimately lead to 
the deterioration of public transit and its ultimate displace- 
ment as the dominant system. 

In the eyes of a Brazilian. it is rewarding to see that i n  
Phoenix so much attention is being paid to bus-transit and 
land use innovations in a developing country. It would ap- 
pear, however, that the proposed transit planning in Phoenix 
is unlikely to have a significant impact unless land use con- 
trols and concentrations of intense development are linked 
with aggressive transportation interventions. Public trans- 
portation must either be significantly expanded and sup- 
ported financially to match current auto subsidies, or the cost 
of both must be allowed to rise to meet expenses so that this 
expansion can happen more naturally. 

Rail-transit is an important component of an integrated 
transportation network in large, dense metropolitan regions. 
In nearly all cities, however, more attention should be paid to  
the bus as the most important component of a cost-effective 
and broadly based public transport network. An efficient bus- 
transit system, and its concomitant land use and societal 
benefits, can only be achieved through aggressive public pol- 
icy and action. 
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Les politiques des transports nationaux et/ ou mktropolitains a l’kpreuve 
des politiques municipales de revalorisation ou de requalification des centres 
historiques - Rkflexions gknkrales a partir d’expkriences en Amkrique Centrale 

Silvia Rosales Montano 
France 

ABSTRACT : The main challenges of planification, inanagement and urban transports are, in the Latin- 
Americancities, the set up of actions of revaluation and re-qualification of the historical on the non-historical 
centers. This actions are done often without a commun vision between the technical and decisional skills and 
this is an obstacle for this same actions. 

RESUME : Les actions de revalorisation et/ou requalification des centres (( historiques )) ou pas, des villes 
centramericaines sont un des enjeux majeurs des nouvelles formes de planification et gestioii des villes et des 
transports urbains. Mais celles-ci se realisent dans un contexte de cloisonneinent entre competences 
techniques et decisionnelles et sans une vision coininune et consensuelle de ville souhaitee, faisant souvent 
des politiques de transports un frein voire un obstacle a la requalification urbaine, plut8t qu’un element 
(( facilitateur )) de cette qualite. 

RESUMEN : Las acciones de revalorizacion de 10s centros - (( historicos )) o non - de las ciudades 
centroaniericanas son uno des 10s grandes desafios de las nuevas fornias de planificacion y gestion de las 
ciudades y de 10s transportes. Pero estas se realizan en un context0 de separacion entre el urbanisnio y el 
transporte, tanto tecnico como politico y social, en la niedida en que no existe una vision coniun y consensual 
sobre la ciudad deseada. Asi las politicas de transportes son 10 inas seguido, un freno U obstaculo para la 
iiiiplementaci6n de politicas de recualificacion urbana y iiiuy poco, un eleniento “facilitador” de esta calidad. 

INTRODUCTION 

Dam une optique d’echanges sur les deplacements 
urbains et l’environnement, une reflexion autour de 
la planificatioii urbaine des centres - historiques ou 
pas - se justifie par difftrentes raisons : 

Les centres (principaux ou secondaires) des 
villes sont les principaux attracteurs des 
deplacements quotidiens, concentrant de fait les 
multiples problemes environneinentaux (bruit, 
pollution atmospherique et visuelle, congestion, 
etc.) 
11s concentrent tous les problemes mais aussi des 
atouts de base pour une planification transversale 
urbanisme/transports : patrimoine immobilier et 
activites econoiniques importantes, desequilibres 
dans les usages des sols, occupation privative de 
l’espace public (ventes ambulantes), sur-desserte 
en transports collectifs . . . 

11s sont aussi des espaces de reference - malgre 
leur devalorisation face aux (( centres d’affaires )) 
et (( centres commerciaux H - oh s’exprinient et 
se inaterialisent les rapports entre le pouvoir 
local, les habitants et le passe, mais aussi les 
logiques econoniiques tant forinelles 
qu’infornielles (entreprises de transport, 
inarchands dans les rues, etc.) 
Ce sont des lieux oh subsistent des fonctions de 
cohesion sociale et qui peuvent servir de 
passerelle entre des espaces de plus en plus 
segregues socialement et spatialement. 
Les politiques de transports et de deplacements 
(( partent )) et (( arrivent )) des centres des villes : 
TCSP, hikrarchisation des voies, espaces publics. 
reorganisation des lignes, etc. 

Les politiques urbaines aussi (( partent )) et 
(( arrivent )) des centres dans une optique 
d’equilibre urbain, de valorisation des espaces. 
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de requalification, mais avec une logique 
transversale. 

Cette communication approchera donc la question de 
la coordination entre planification du developpement 
de la ville et des transports urbains a partir de cet 
enjeu central des politiques publiques qu’est la 
reconquete et revalorisation des centres historiques 
(ou de reference urbaine). 

I LES POLITIQUES URBAINES 
CONCERNANT LES CENTRES DES VILLES 
CENTRAMERICAINES 

L’intiret structure porte sur les centres dits 
historiques des villes centramericaines peut etre 
considere comnie relativement recent (environ dix 
ans), m h e  si les actions de valorisation et 
d’embellisseinent peuvent etre plus anciennes. 

Cet interet pour les centres historiques est plus 
aiicien en Amerique Latine (ex. Quito, Mexico). 
Mais c’est en effet la structuration de cet interet et le 
depassement d’une vision (( architecturale )) et 
(( patriiiioniale )) qui marque les vrais changements. 
Ainsi, meme les politiques de revitalisation et 
rehabilitation du centre historique de Mexico, qui 
pourtant sont de nature ((superieure )) aux centres des 
villes centramericaines, datent seulement d’environ 
cinq ans. Ces dix dernieres annees, on a pu constater 
que les villes - principales ou secondaires - 
comiiiencent a se doter soit d’cc Oficinas del ceiitro 
historic0 )) (bureau du centre historique), soit d’une 
planification specifique, sectorialisee (plans de 
revitalisation, etc.) et transversale, en vue 
d‘interventions plus concretes, colikrentes, suivies, 
etc. a differentes eclielles. 

Cette politique a ete dam certains cas tres 
developpke. C’est le cas des centres des villes a forte 
richesse historique et architecturale comme par 
exemple, Antigua Guatemala. Cette ville liistorique a 
beneiicie d’une aide nationale et internationale tres 
importante que bien d’autres villes centramericaines 
ayant des centres de (( moindre )) importance 
patrinioniale ne pourront pas obtenir. Les raisons ? 
La notion de (( centre historique )) tant au niveau 
local qu-internationale est cliargee malgre tout de 
connotations (( patrimoniales )) dans le sens 
architectural.. . Ce sont donc des objectifs purement 
de gestion et d’equilibre urbain qui se poseront pour 
les centres dits non patrimoniaux. 

Mais l’evolution - parfois peu perceptible - d’une 
approche archeologique et muskographique des 
centres des villes - comme le note J. Monnet’ - a 
facilite le developpement d’approches plus 
urbanistiques qui se sont souvent traduites par des 
politiques de (( protection D. Ces approches se 
confroiitent neanmoins a une realite : la dissociation 
entre les politiques urbaines et les politiques des 
transports. Les centres des villes - historiques ou pas 
- illustrent au quotidien cette rupture et les tentatives 
de (( couture )) rkalisees. Les planificateurs des 
transports tant au niveau national qu’au niveau des 
agglomerations partagent rareiiient la meme vision 
sur les centres des villes. Ceci n’est pas etonnant car 
meme les habitants de ces villes saisissent 
difficilement cet interet. 

Nonobstant, des ilus ont engage - a force de 
coiivaincre les differents acteurs de la ville y 
compris les habitants - differentes politiques autour 
des centres des villes. Ces politiques sont, meme si 
les objectifs different parfois entre sites, axkes bien 
evideniment sur uiie protection du patrinioiiie 
architectural mais aussi sur la recuperation, 
revitalisation voire renovation urbaine, spatiale, 
economique et sociale. 

Dans ces politiques, les transports - fonctionnement 
en effet et apparaissent souvent coinme un des 
problemes resoudre . . .  et trks marginalement - 
pour ne pas dire jaiiiais - conime un element 
pouvant structurer les centres . . . sauf lorsqu’il s’agit 
de centres ou les projets en site propres soiit 
envisages a (( court )) terme. 

1.1 Les po1itique.s de (( ricupirution )) et de. 
(( riginkrution N urbaine des centres historiques 
- Sun Salvador (El Salvudor) - Panama 
(PunuincI) 

Apres dix ans de guerre civile et la signature de la 
paix en 1992, la planificatioii et la gestion des villes 
salvadorieniies ont Pte confrontees a de skrieux 
handicaps. 

Face a l’absence de contr8le des activites, des usages 
des sols, d’investissements et d’entretien, le centre 
de la ville a etk tres largeiiient occupk par les 
activites marchandes informelles et les transports ont 

’ J. Monnet, Centres histol-iques et centres d’affaires: la 
centralite urbaine, in. La ville et I ’  Amel-ique Latine, Problemes 
d’Amerique Latine, juillet-septembre 1994 
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plus que jamais investi les espaces urbains. 
Aujourd’hui le centre de San Salvador est le plus 
grand (( p6le d’echanges )) entre transports collectifs 
urbains et interurbains, internationaux, de 
marchandises, etc. 

En 1996, le schema directeur mktropolitain de San 
Salvador (environ 1 million d’habitants, dont 50% 
reside dans la commune de San Salvador) ) 
prevoyait de constituer une agglomeration 
metropolitaine polycentrique, avec des unites 
autonomes. 

Pour repondre a cet enjeu, ce plan prevoit la 
consolidation et/ou regeneration des centralites 
urbaines existantes et le developpement d’autres 
centres. Les centres de San Salvador et de Nueva 
San Salvador etaient integres dam une optique de 
regeneration urbaine. 

En 1998, un Plan de recuperation du centre 
liistorique (12 000 liabitants) de San Salvador a ete 
realise par 1e Bureau de la planification de 1’Aire 
metropolitaine de San Salvador (OPAMSS). 

Les orientations strategiques de ce plan, pour cette 
ville creee en 1525 et ayant subi au nioins 18 grands 
seismes depuis sa creation, sont les suivantes : 

Rationaliser le trafic, les transports collectifs, les 

parkings et les parcmetres 

Relocaliser le commerce informel et moderniser 
les marches inunicipaux 

Augmenter la securite citoyenne 
Changer l’image des places, parkings, rues 
pietonnes et inobilier urbain 

Recuperer les ininieubles de valeur liistorique et 
culturelle les plus en danger 
Preparer un reglement de zonage et de 
construction specifique 

Moderniser les infrastructures des services 
collectifs (eau, transports, electricite, telephone, 

Creer de nouvelles sources fiscales 

Reinventer la gestion urbaine 

egouts . . .) 

Ces orientations illustrent les problernes auxquels 
sont confrontes la plupart des centres des villes 
centramericaines, mais demultiplies lorsqu’il s’agit 
de la ville capitale : occupation des rues par plus de 
4 000 vendeurs informels, quasi nionofonctioiinalite 
economique de l’usage des sols, sur-convergence des 
transports collectifs vers le centre, haut niveaux de 
pollution de tout type, etc. 

Si d’importantes actions ont ete realisees dam le 
cadre de ces objectifs, les transports urbains ont ete 
encore peu touches. En effet, la Mairie, porteuse de 
ce plan, ne possede pas la competence en matiere de 
transports. Les dialogues possibles se situent surtout 
au niveau des compktences en matiere d’espaces 
publics. 

En parallele, Nueva San Salvador (ou Santa Tecla) - 
deuxieme ville de l’aire metropolitaine - a entanie 
en 1998 uii diagnostic urbain lui permettant 
d’annoncer des objectifs de recuperation et de 
protection de son centre, sans pour autant disposer 
de financenients directs ou indirects, pouvant lui 
permettre de faire face aux objectifs. En effet, cette 
ville, inalgre son importance urbaine est consideree 
coniine etant en banqueroute. Le diagnostic et les 
ebauches d’orientations urbaines ont d’ailleurs ete 
realises benevolenient par une ONG d’urbanistes 
franco-latinoamericains. 

Cette ville - planifiee et construite en 1854 pour 
permettre de delocaliser la capitale detruite par un 
seisnie au cours de la i n h e  annee - possede 
aujourd’hui plus de potentiel urbain que le centre 
ville de San Salvador. Effectivement, cette ville a 
moins subi les destructions de multiples seismes, et 
elle reste tres mixte du point de vues des usages des 
sols, habitee par des classes nioyennes, etc. Malgri 
ceci le centre de Santa Tecla subit constamment les 
nuisances d’un trafic national et international Est- 
Ouest (environ 50 000 veli./jour). Ce probleine puis 
l’occupation de l’espace public de cet axe routier par 
les ventes formelles et infornielles (environ 2 000 
niarchands) sont aujourd’hui les points 
d’achoppenient de la recuperation urbaine de ce 
centre. 

Les premieres orientations -issues des diagnostics - 
ebauches pour (( recuperer )) ce centre soiit : 

Concevoir et creer des structures pai-tenariales, 
des lois et systenies d’incitation a la recuperation 
et inaintien de la qualite urbaine 
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Conipliter, structurer et developper toutes les 
fonctions urbaines et economiques constitutives 
d’un centre de reference sociale 

Recuperer et valoriser le patrimoine social, 
urbain et culturel 

Re-approprier et requalifier l’espace public 

Reorganiser le trafic pour renouer avec la ville 

(( ecologique )) et de qualite d’un passe recent 

Preserver les equilibres sociaux 

Aujourd’liui, a la fin d’un mandat politique qui dure 
seulenient 3 ans, les elus se sont domes conime 
priorite de resoudre le probleme de la relocalisation 
des ventes formelles et informelles des rues, 
probleme niajeur dans le fonctionnement de la ville. 

Dam un autre contexte, le centre historique de 
Panama - qui ne possede pas pour le moment de 
veritable plan ou projet urbain - accueille neanmoins 
m h e  si c’est de maniere tres margiiiale, un 
processus de rehabilitation de son tres important 
patrimoiiie architectural. Les lignes de transports 
collectifs ne circulent plus au sein de cette vieille 
ville, des faiiiilles aisees conimencent a rehabiliter 
des anciennes demeures, le siege du pouvoir 
politique y est install6 (niairie, bureaux prksidentiels, 
etc.) mais les problenies d’accessibilite et les 
niveaux de pauvrete existants sont tres importants. 
Population majoritairement noire, pauvre, faiblement 
motorisee, etc. prkdoniinent sur un site en mutation 
douce. 

Ces deux contextes expliquent ce type de 
politique : des annkes d’absence du pouvoir et de la 
gestion dais Line ville expliquent une politique de 
(( recuperation )) et de regeneration urbaine. 

1.2 . Les politiques de revitalisation des centres 
Grancrdo (Nicaraguu) 

Actuellement en cours de realisation, le Plan de 
revitalisation du centre historique de Granada 
(environ 6 000 habitants sur les 90 000 que possede 
la ville) se dome  pour objectifs : 

L’elaboration d’un diagnostic 

d’amknagement urbain 
L‘elaboration de lois et normes urbaines 

8 La formulation d’une proposition 

8 

L’actualisation du catalogue des immeubles de 
valeur patrimoniale, architecturale, urbaine et 
culturelle. 

8 La definition d’une strategie generale pour 
l’execution des propositions. 

Centre tres restaure aujourd’hui, il possede des 
atouts majeurs (touristiques, economiques, etc) au 
niveau national. Ce qui explique qu’il ait kte declare 
patrimoine historique et culturel du pays en 1995. En 
effet, ce centre possede un certain equilibre urbain : 
mixite des usages des sols, revalorisation des 
immeubles, trafic faible, usage important du vklo et 
de la niarche (y compris au niveau de la ville et de 
son aire rurale), etc. 

Si les objectifs urbains sont en cours d’elaboration et 
d’articulation avec le Plan, l’interface avec les 
transports revet Line importance majeure dans la 
niesure oh les competences dans ce secteur viennent 
d’etre transferees de 1’Etat aux inunicipalites. Dans 
le contexte local, des eiijeux en matiere de transports 
apparaissent : sauvegarde et consolidation des modes 
de deplacements doux face a une tendance a 
l’augmentation de la motorisation automobile dam 
le centre, et qui se manifeste - entre autres - par la 
deformation des trottoirs pour la construction 
(( privee )) de rampes d’acces aux niaisons, par la 
segmentation des surfaces habitables pour la 
construction de garages, par la demande de parkings 
par les h8tels (cars de tourisme et veliicules 
particuliers) existants et en construction, etc. 

Cette revitalisation rechercliee se fait dans un 
contexte favorable mais avec une tres lourd 
probleme : la crise economique locale, la 
dependance tres forte de Managua, distante 
seulement de 50 hi, pousse a de tres fortes 
modifications dam les modes de vie locaux. 

1.3 Les politiques de “rinovcrtion I ’  des centres . 
S m  JosP (C‘ostci R i m )  

La proposition de Plan directeur pour le 
developpement urbain de San Jose inclut tres 
specifiquement un objectif : la (( renovation )) du 
centre. 

Face au processus de depeuplement du centre de 
San Jose, et de ce fait a la predominance des 
activites tertiaires dans les usages des sols. ce 
schema directeur propose : 

E De stimuler l’expansion selective du centre 
tradi tioniiel d’ affaires 
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m De creer et fortifier des aires cominerciales dam 
d’autres sites de la ville 

De developper les equipements d’importance 
metropolitaine 

m De decongestionner le trafk piitonnier et 
vehiculaire (deviation du trafic de transit) 

D’ameliorer les conditions enviroiiiieiiientales et 
esthetiques de l’air. 

Parmi les actions on peut citer l’ainenagement et la 
relocalisation des ventes de rues par la creation de 
petites places commerciales, l’etablissement d’un 
systeme pietonnier aiiisi que d’un iiouveau systenie 
de transit. de terminus et de parkings. 

Un tres important investisseinent en qualite urbaine 
a ete realise dam cette ville depuis cette date m6me 
si cette proposition de Plan maestro n’a janiais i te  
adoptee officiellement. En effet, les problemes lies 
aux activitks marchatides de rues se sont tres 
largeiiieiit resolus aiiisi que la conception de 
certaiiies rues iietonnieres. Une politique tres forte 
de reliabilitation du patriiiioiiie architectural a kte 
realisee niais avec un processus de renovation qui ne 
permet pas d’engiober dans ia notion de patrinioine, 
Line ricliesse architectural issue des annees 30, 50. 
Reste quand m6me le problem inajeur sans solution 
forte pour le nionient : la congestion vehiculaire 
permaiieiite et l’acces salis contr6le dans le centre 
liistorique de la ville. 

Quelles que soient les politiques urbaines concernant 
les centres historiques, celles-ci coiiiporteiit 
d’importantes orientatioiis et actions en matiere de 
transports collectifs et de gestion du trafic. Elles 
avancent des projets et des actions concrets 
periiiettaiit de veiiir a bout - tout au inoilis dans un 
secteur de la ville - des iiuisances les plus fortes 
(congestion, pollution, bruit, etc.), mais sans pour 
autant disposer des coinpetences et de la inaitrise 
necessaires. C’est ce qui constitue leur faiblesse, 
comine on le verra plus bas. 

La dissociation entre urbaiiisine et transports, qui 
m6me dam les pays occidentaux atteiiit parfois des 
iiiveaux insoupqonnes en Amerique Latine, est en 
effet uii probleme inajeur. Mais il y en a un autre 
aussi important : l’absence de vision commune 
(politique, decisioimelle, sociale, technique) sur la 
ville et ses centres pour les annies a venir 

2 LES POLITIQUES DE TRANSPORTS 
URBAINS ET LES CENTRES HISTORIQUES : 
UNE COHERENCE A RECHERCHER 

Uiie des difficultes iiiajeures concernant les centres 
liistoriques est l’absence de prise en considkration 
locale du fait que le systeme de transports se trouve 
a la base de la structuration micro-spatiale. La 
plupart des projets iiioteurs dans les villes 
contiiiuent a 6tre pour uiie tres large part des projets 
routiers. Encore aujourd’hui les priiicipales villes 
ceiitraiiiericaiiies construiseiit des routes deiiivelees, 
des passerelles, des voies a graiide capacite . . . des 
politiques de tluidite oil la coniposaiite sociale - du 
point de vue du premier acte que coiistitue la niarclie 
- disparait. C’est dam ce coiitexte que ces politiques 
routieres peuvent 6tre questionnees au regard des 
politiques paralleles de revitalisation 011 

rehabilitation des secteurs des villes. 

Quels sont les principaux problenies poses par les 
politiques de transports ? 

2.1 Les politigues des fraii.~poi*t.r wbuins sont i i i i  

insfi.uimm/ de poiiwir et de COnfi.OiifLiti0ii .siw 
des territoires ptriimiii7im.x 

Les politiques des transports urbains sont dans une 
tres large majorit6 des villes centram6ricaines 
conpies et niise en ceuvre par le gouvernenieiit 
central, les municipalites gardant pour elles des 
coiiipetences plus restreintes comine par exeniple la 
gestion de l’espace public. 

Recemment, les municipalites iiicaraguayennes se 
sont vues transferer les competences en transports 
urbains, sans pour autant avoir beneficie du traiisfert 
des capacites techniques et finaiicieres. De ce fait, 
elles engagent des reflexions sur les transports 
urbains afin de prendre eii consideration autant les 
problemes de dCseiiclavenient des secteurs ruraux et 
semi-ruraux que l’accessibilitk et la protection du 
centre liistorique. 

Mais avec des competences en matiere de transports 
ou non, c’est dam ce secteur que se cristalliseiit le 
plus ardeninient les rapports de pouvoir entre Etat et 
gouvernements locaux, surtout lorsque les elus et 
representants appartieniient a differents partis 
politiques. 
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De ce fait, le processus de requalification urbaine est 
souvent bloque lorsqu’il est question pour le pouvoir 
local de demander des marges de niaiiceuvre sur le 
trafic automobile, la relocalisation des arr2ts de bus, 
etc. 

Au Salvador, Costa Rica et Panama, les 
coiiipetences en niatiere de planification des 
transports soiit encore ceiitralisees et les politiques 
municipales de r econquk  des centres - par les 
transports - se font de ce fait difficilenieiit ou tres 
partiellement. Cette centralisation des competences 
et le besoin qu‘ont les iiiunicipalites de maitriser 
l’elknient cle de la planification urbaine que sont les 
transports est aujourd’hui un point de negociation et 
de debat tres important. 

En eflfet, les transports cristallisent le plus fort 
afirontemcnt politique lorsque les gouveriieiiients 
centraux et locaux ne reprksentent la i i ihie  tendance 
politique. Aiiisi toutes les politiques de diminution 
de capacites de voirie dam les centres, de 
relocalisation des arrkts de bus et de niobilier urbain, 
de reorganisation de la circulation iiiterne du centre 
par la realisation de contournements, soiit 
difficilenieiit concertees voire sont bloquees, autaiit 
politiqueiiieiit que tecliniquenient. 

Les politiques des transports urbaiiis sont marquees 
par des orientations tres ingeiiierie du trafic, donc 
des politiqucs d’offre de capacite de circulation, de 
iluidite pour les vehicules particuliers. 

Des autoroutes urbaines ou d’autres types de voies 
rapides (y coiiipris de voies aerieiines - (( vias a 
desnivel D) soiit construites ou en cours de 
construction. quaiid daiis les pays europeens elles 
soiit parfois en cours de destruction et de 
r@amenagenient urbain. 

M h i e  les contournements des villes qui sont 
souvent une politique urbaine en soi pour permettre 
la requalification urbaine des centres, ne sont pas 
coiicus dam cette logique. Ainsi les contournements 
qui devraient faciliter l’evacuation du trafic de 
transit des centres devieiineiit en soit des voies 
(( suppleinentaires )) de l’arinature de voirie. 

L’absence de prise en coinpte des pietons et des 
velos, de l’embellissement des villes conime atout 
economique et touristique, etc. dam les politiques 
nationales et metropolitaines - au-del8 des centres 
dits historiques - demontre la predominance de ce 
type de technicite et de projets. C’est uiie fuite en 
avant : aux (( modes de vie motorises )) doit 
correspondre plus de capacites . . .  m6me si la 
congestion, la saturation , la pollution diminue 
sectoriellenient et a tres court terine. 

2.3 Des techniciens locmx naanquunt de jbvniution 
et de vision tmnsverstrle yozrr L;haz~clier. des 
pvojets zirbcrins avec m e  rdelle conps tmie  
trtm.sprt.r 

Le travail des techniciens locaux sur les centres 
historiques a et6 tres longtemps concentre sur un 
perimetre d’action qui souvent les empeclie de se 
rendre compte que les problenies de ces centres sont 
en lien direct avec les alternatives creees daiis 
d’autres secteurs de la ville voire de l’aire 
metropolitaine. Les limites peuveiit se trouver Ia. 

Aiiisi s’il y a souvent correspondaiice entre la 
localisation des veiites iiiformelles a proximite des 
axes de transports et des arrets dans le centre et 
ailleurs, des solutions se trouvent non seulement 
dans un coiitr6le tres fort du foiictioiiiienient 
quotidien des transports collectifs inais aussi dans la 
recherche de developpenient ou de recreation des 
(( centres )) de quartiers . . . equilibrant de ce fait (( la 
rentabilite )) de la frequentation du centre. 

Face a des projets de contournements, la plupart des 
techiiicieiis et elus soiit souveiit iiicapables de 
presenter - m h e  en absence de coiiipktences 
politiques - des projets suffisaiiiment serieux et 
fond& sur la reutilisation des voies degagees dam le 
centre. Cette absence d’anticipation par des projets 
rend difficile uii dialogue a posteriori sur la 
hierarchisation de la voirie qui theoriquenient aurait 
pu bkiieficier directemeiit aux centres. 

I1 ne s’agit m6me plus, dam ce cas, d‘un simple 
problenie de coherence entre politiques ni de 
concertation iiiais du maiique de vision globale du 
r61e moteur que pourrait jouer un centre ville 
requalifie en niatiere d’attractivitk econoniique. 
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2.4 Munqzte cfe concertation et d ’innovation et resoudre des problenies des fonds : traiter Ies centres 
des villes et de vie de la mEme nianikre, car c-est dificit de (( p o j e t s  de ville N 

La plupart des grandes plaliificatioli des transports cette globalit6 se trouvellt les Solutions 
sont conques a partir de scenarios tendanciels. Or, 
face a la situation actuelle, on prevoit des reponses 
sans qu’aucun dkbat soit engage sur les niarges de 
inanaxvre que rendraient possible l’evolution de 
certains coniportements urbains. 

Aujourd’liui, les nouvelles formes de dialogue en 
cours en Europe, avant et apres les planifications des 
transports, coiiduisent a construire des scenarios 
differencies rendaiit possible un debat politique et la 
clarification des enj eux et orientations possibles pour 
les villes de demain. Si dans ces debats les centres 
historiques n’ont pas un poids fort, ceci s’explique 
par une vision globale de traitenient des centralites a 
part entiere et a tous Ies niveaux : centre historique, 
centres des coiniiiunes, centres de quartiers. 

En Anierique Latine, cette entree “centre 
liistoriques” est en train de provoquer un 
questionnenient politique et technique des approclies 
de la ville par Line politique reseaux et iluidite. C’est 
une longue lutte qui coininence par apprendre et 
faire conipreiidre que la qualite urbaine et 
l’identiiication a la ville passe surtout par une 
approclie de partage equilibre des espaces publics 

Ainsi, peut Etre que si la plupart des projets 
transports ne soiit pas consuites ni ne font I’objet 
d‘enquttes publiques, ils peuvent Etre questionnes 
auparavant au regard de la (( qualite urbaine )) reelle 
qu’ils induisent, qualite urbaine qui va au-del8 de la 
decongestion temporelle et relative des axes sur 
lesquels les projets urbains se greffent difficilement. 

Si dam les annees 80 des tentatives d’anienagement 
des espaces pietonniers se sont heurtees parfois au 
manque de qualite et de suivi de ce type 
d’investissements, coinnie d’integration dans une 
politique urbaine et de deplacenients d’ensemble, 
aujourd’liui les politiques sur les (( centres 
liistoriques )) sont en train de pousser - nieme si cela 
se fait tres marginalenient - les responsables des 
politiques de transports a porter un regard different 
sur ces espaces qui concentrent les grands 
dysfoIictionnements urbains. 

L’iiitertt de la BID pour les centres historiques 
pourrait aider a aller dam ce sens, inais ne pourra 

575 



This Page Intentionally Left Blank



Urban Transportation and Environment, Diaz Gonzalez Palomas & Jamet (eds) 0 2000 Balkema, Rotterdam, ISBN 90 5809 128 7 

The Brazilian SENAT experience in qualifying human resources 
for the transportation sector 
L'expkrience de SENAT de Brksil dans qualifier les ressources humaines pour le secteur 
de transport 
La experiencia del instituto SENAT del Brasil en la capacitacion de recursos humanos 
para el sector transporte 
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University of Brasilia, Brazil 

ABSTRACT: In the present contribution the experience of the Brazilian SENAT Institute (National Training 
Service for the Transportation Sector) is discussed as well its role for improving the efficiency of the Brazil- 
ian transportation sector, which is responsible for 63% of the Gross National Product. This paper describes 
the history of the institution, its infrastructure, as well the course program, and gives a brief outlook of its us- 
ers (both trainees and enterprises). Finally, a short assessment of its successes, failures and problems is given, 
as a major research is still under way. 

Rl%JMk: Dans cet document on present une discussion sur l'experience et le r6le joues par 1'Institut de 
SENAT de Bresil (le Service National de Entrainement pour le Secteur de Transport) vers l'amelioration de 
I'efficacite du secteur de transport au Bresil, un secteur qui est responsable par 6340 du Produit National Brut. 
Ce article decrit l'histoire de l'institution, son infrastructure, les programmes des cours et present aussi une 
perspective assez breve de ses utilisateurs (les stagiares et les entreprises). Magre le fait que la rechercher est 
toujour en cour, on preset quand msme une courte evaluation de ses succes, ses echecs et ses problemes ma- 
jeurs. 

RESUMEN: En este trabajo se discute la experiencia del instituto brasileiio SENAT (Servicio Nacional de 
Entrenamiento para el Sector Transportes) y su papel para mejorar la eficiencia del sector transportes en Bra- 
sil, el cual es responsable por 6 3 %  del product0 bruto interno de ese pais. Se describe la historia de la institu- 
cion, su infraestructura, asi como el programa de cursos, y se da una vision resumida de sus usuarios (tanto de 
10s alumnos como de las empresas). Finalmente, se muestra una corta evaluacion de sus exitos, fracasos y 
problemas, dad0 que una investigacion mas prohnda aun esta siendo desarrollada. 

1. INTRODUCTION 

The transportation sector accounts for the moving of 
all kinds of products, goods and people, generating 
jobs and income. Thus, it is responsible for the flow 
of distribution of materials for the industry and agri- 
culture, the provision of internal trade, the flowage 
of exports and the moving of people. The transpor- 
tation industry in Brazil - considering just the pro- 
duction of such services, accounts for 6.5% of the 
GDP and provides employment to around 2.5 mil- 
lion people. About 300 thousand autonomous work- 
ers - truck and taxi drivers - are added to the latter 
(SEST/SENAT, 1993). 

Transportation companies in Brazil have started a 
modernisation process aiming at meeting the new 
demands of the market and the changes occurred in 
the legislation in force. The investment in human re- 
sources has become an important measure for the 
survival of organisations under this new reality. A 

survey by Figueiredo (1 999) on criteria of support to 
decision taking revealed that the development of 
human resources is considered a significant decision 
criterion for businessmen in the transportation in- 
dustry. The survey demonstrates that 34.4% of the 
interviewees consider the human resources criterion 
as the first or second criterion of support to decision 
taking. Personnel enhancement aiming at major 
agility to meet market issues is understood as human 
resources management. The sample handed in the 
mentioned qualitative is quite representative, for the 
interviewees account for the operation of 12.07% of 
the urban transportation national fleet. 

According to a survey presented on the profile of 
the industry's workers, carried out by SENSUS 
(CNT, 1997), there lacks manpower training, and 
following results can be founded: 
0 the vast majority of traf'fic accidents can be at- 

tributed to human flaw; 
e high level of incidence of sexually transmissible 

diseases; 
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high level of drugs/alcohol use; 
prevalence of traditional managerial practises not 
compatible with the modern business manage- 
ment reality; 
low educational level of manpower, limiting the 
incorporation of technology and contributing to- 
wards the reduction of productivity; 
low level of awareness and motivation in the 
sector with respect to the development and im- 
plementation of actions geared towards the in- 
crease of both quality and productivity; 
Primary stage of the sector as to the utilisation of 
suitable technological resources in order to ensure 
the quality of services such as: normalisation, 
technique, quality certification, measurements of 
productive processes and the standardisation of 
processes in the different stages of the production 
of services; 
The survey reveals that workers involved in the 

operation and maintenance areas have an average of 
5 years of education, while managerial levels and 
those of heads of department present an average of 
8 years of education, not including repeating years at 
school. The verified educational level does not cor- 
respond to the need of human resources qualification 
in that sector, which fact demonstrates the need and 
urgency of additional efforts in the qualification and 
enhancing of a large part of this work force. 

The starting point for the formulation of a 
professional qualification action is therefore the 
knowledge on the population’s low educational level, 
resulting in serious repercussions on the performance 
of workers. Qualification inserts itself into such a 
context as one of the educational opportunities 
capable of bringing benefits to the company as it 
meets the needs of sustaining its growth, the 
maintaining of its competitiveness, and the promotion 
of the worker himself, for it presents itself as an 
alternative to broaden his knowledge and professional 
satisfaction, in addition to make possible a significant 
improvement in the performance of is professional 
activities. 

Goldstein (1991) defined training as a systematic 
acquisition of attitudes, concepts, knowledge, and 
skills. This process is subsidised by data gotten from 
the analysis of task functions, the trainee’s 
capabilities, and the principles of training technology. 

Any training technology in an educational context, 
aimed at the adult worker, brings features that are 
fimdamental to guide the preparing of programmes. 
The central feature is the conception of knowledge 
that is to subsidise the process. Considering that the 
worker to whom this is destined carries knowledge 
and habits derived from his professional experience, it 
is necessary to understand knowledge as a network of 
meanings variously articulated in a permanent 
movement of construction. 

The explicit meaning expresses itself in the 

symbolisation and generalisation through a process 
between what is understood and its representation. It 
is possible to say that learning takes place as its 
meaning becomes explicit. The learning that attributes 
itself an explicit meaning shall stimulate the person to 
live additional experiences from which he shall be 
able to draw new meanings. Thus, knowledge and 
skills may generate the enhancing and the building up 
of convictions, the latter being understood as new 
forms of acting which express themselves in the 
professional area and in broader social relations. 

In that regard, training actions are prepared and 
taught with the implicit intention of causing a positive 
impact on the performance of workers and 
consequently the companies’, co-operating towards 
the delivering of a service that meets the market’s 
demands. 

2. ACTION STRATEGIES 

In order to speed up the modernisation process of 
the transportation companies, especially those in the 
road sector, one of the most important and effective 
measures was the establishment of the National 
Service for Transportation Education - SENAT. 
This non-profit civil entity was created to execute 
specific programmes geared towards the learning by 
the road transportation worker and his dependants. 
SENAT’s potential target-public is about 7,500,000 
beneficiaries among workers, autonomous personnel 
and their dependants. 

In order to execute its mission of qualification 
and enhancing the cultural level of transportation 
workers, the following system has been assembled: 

1) Implantation of the Operational Establishment 
Network, through the setting up of integrated assis- 
tance centres for workers and their dependants with 
actions of social promotion and professional devel- 
opment. Such a network constitutes itself in two 
kinds of stations: 

0 Integrated Assistance and Professional Centres 
for the Transportation Worker - CAPIT, located at 
urban regions; and 
0 Assistance Care Stations for Workers on the 
Roads - PATE, located at major highways where 
the flow of workers at the sector is more intense, 
aiming at providing them with prompt assistance 
during their work journey. 
So far, 33 CAPIT and 39 PATE, spread throughout the 

different regions in the country, are already under opera- 
tion. The geographic deployment of these organisms is 
shown on Figure 1 .  The size of the investments was lim- 
ited by SENAT’s revenue, which is directly proportional 
to the number of companies and workers. 
2) Implantation of the Transportation Network: this is a 
national satellite television network with private digital 
signal and reception points, which are installed in the of- 
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fices of the road transportation companies and of the fed- 
erations and unions of the industry, as well as at 
SENAT's own operational establishments. Presently, 
1,509 reception points of the Transportation Network are 
already set up. The geographic deployment of 
antennae is shown on Figure 2. The distribution 
policy of the antennae followed the same criterion 
of the deployment of operational establishments. 

of the Information Network, an 
on line network linking SENAT's organisational 
structures (Operational Centres, Regional 
Councils, Executive Department) as well the 
National Confederation of Transportation). This 
system contains informations on administrative 
service procedures and their management, 
production data and on managerial reports. 

3) Implantation 

3. ACTIONS FOR PROFESSIONAL 
DEVELOPMENT 

SENAT performs educational and professional 
development activities through courses, training 
sessions and seminars, priority being given to the 
implantation of presential education and distance 
education programmes. Activities in those two 
areas are described as follows: 

3. I Preserztial Education Actions 

This programme characterises itself through the 
development of courses, training sessions and 
seminars carried out with the physical presence of 
the instructor and the trainees, establishing a direct 
interaction in the teaching-learning process. They 
are taught at the operational establishments, 
directly in the premises of the companies and at 
alternative spaces. There are over 90 presential 
courses; a special mention deserve the following 

Figure 1. Regional Deployment of Operational 
Establishments of SENAT 

Figure 2. Regional Deployment of Antennae of the 
Transportation Network 

programmes: Further Qualification of Taxi 
Drivers, Preparation Courses for New Taxi 
Drivers, the SITPASS Programme (which deals 
with eletronic bus patronage control), Despatching 
of Freight Goods and Handling with Hazardous 
Materials. 

In the context of the presential education 
programme a special Programme for Qualification 
of Multipliers was created, which has the purpose 
to enable the companies to develop own 
professional qualification actions, helping their 
instructors to adopt the SEST/SENAT educational 
methodology. The Programme aims to persuade 
the industry's agents and businessmen of the 
importance of investing on their own human 
resources for the improvement of the company's 
productive performance, and it is supported by the 
companies and the industrial federations, which 
develop parallel actions to those of the 
SE S T/SENAT operational establishments , 

3.2 Distance Learning 

The Distance Learning Project is geared towards a 
target-public made up of workers/autonomous 
personnel of the transportation industry and their 
family members. Its signals are emitted daily to the 
reception rooms installed in the companies, 
federations, and unions of the industry and in 
SENAT's the own establishments (CAPIT and 
PATE). This project is formed by 3 blocks of 
programmes: 
e Distance Learning Programme PEAD; 
e Supplementary Education Programme (High 
School)/ PES; 
0 Social Programmes/PS. 

The PEAD Distance Learning Programme has 
as objective to bring specific professional notions 
and technical and behavioural skills to the worker, 
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in order to enhance his professional qualifications 
and to improve his professional performance. This 
Programme offers three types of courses: 

occupational training courses, which qualifies 
the trainee for a whole professional occupation; 
courses for fbrther qualification in specific 
cross-fbnctional themes, which aim to transmit 
to the trainee knowledge on topics which are 
relevant for his professional performance, but 
apply to different sectors of the company; 
courses for fbrther qualification in specific 
innovative themes, which aim to transmit 
knowledge necessary for a new occupation or 
for dealing with a new issue/procedure. 

The PEAD Distance Learning Programme has 
developed its own specific methodology, using 
television as a supporting tool, which has been 
recognised as a valuable instrument for the 
transmission of knowledge, as far it is supported 
by a whole network of instructors, who are already 
employees at the own transportation companies, as 
well by the work of the teams at the SENAT's 
units. 

The training and further qualification courses 
are based on video programmes, and its contents 
result from research work executed by experts. 
These courses include also printed educational 
material and are monitored by facilitators 
especially trained for the SENAT programme. 
There are 70 courses with more than 600 video- 
classes, with programmes ranging from defensive 
driving, transportation and handling of HazMat, 
economic driving, traffic legislation to managerial 
programmes and foreign languages. 

The Programmes for Supplementary Education 
aim to provide workers with access to basic 
education in order to fill in educational gaps. This 
is important for broadening the awareness of 
citizenship, for enhancing the learning capacity, as 
well for ensuring the worker's commitment to the 
company and his respective activities within. For 
this purpose, the utilised material are the video- 
classes and the respective educational material 
produced by the Telecurso 2000 Programme of the 
Roberto Marinho Foundation (high school 
supplementary education), which are broadcasted 
through the Transportation Network. 

Finally, the Social Programming includes 
themes that are part of two main areas, health and 
leisure, the latter being constituted by issues 
related to sports, culture, and to a variety of 
interesting topics concerning the industry. Its 
priority goal is to inform and educate the target- 
public in order that it can acquire new knowledge 
and develop new skills and attitudes as well adopt 

new habits and incorporate new concepts of life 
quality. 

In addition to such programmes, and because of 
its vast experience on training and human 
resources qualification specifically on the 
transportation sector, the SENAT started to 
integrate the National Network for Driver 
Qualification - RENFOR, acting as a Centre of 
Qualification of Drivers and offering theoretical- 
technical courses. Therefore, it is entitled to 
prepare all candidates for driver's license 
examination (first time or renewal) and to re- 
educate infractors. It also offers specific courses on 
dealing with and transporting hazardous material, 
passengers, students, and on emergency 
transportation. 

4. RESULTS AND EVALUATION 

In its two main programmes SENAT trained 
1,701,695 employees from 1994 through June 
1999, whereby 42.7% of these were trained 
through presential courses, as shown on Table 1 
(SESTBENAT, 1999). 

Table 1 - SENAT's Training Performance (in Thousands) 

Pro- 1994 1995 1996- 1997 1998 1999 Total 
gram * 
-me 
Pre- 3.8 52.7 77.0 290.1 247,l 56.3 727,01 
seii- 
tial 

taiice 
Total 3.8 155.5 -6 301,? I 336.9 119 1 701.7 

* figures by June 1999 

Dis- - 102,7 608.4 110,8 89.8 62.7 974,7 

Due to its recent existence, the evaluation of 
the impact of the programmes with respect to the 
development of the work performance of the 
employees are still very incipient. Nevertheless, 
experimental impact measurements with respect to 
vehicle driving performance reveal positive results. 
In 1997, the Siio Paul0 Operational Unit carried out 
two monitoring studies in different groups of 
vehicles, aiming at measuring the impact of the 
training actions on economic driving (IDAQ, 1997). 
The results are shown below. 

Another item for evaluation should be the 
appraisal of the organisation process, especially of 
the equity of the spatial distribution of the services 
(which are to be delivered in the very places where 
the workers are), of the use of hi-tech for 
optimising human, physical, and material 
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Table 2 - Measurement of Impact of Training on the Vehicle 
Performance 

description of the programmes of the Brazilian 
SENAT institution in the field of qualification and 

Indlcators Before After 1" After 2'Id 
iiieasurenieiit measurement 

1" group 
Running time 30.27 28.30 28.43 
Engme 39.155 37.964 36.924 
revolutions 
Gear shifting 109 40 39 
2'Id &roup 
Ruiuung time 28.16 26.49 27.39 
Gear shifting 138 49 48 

resources; as well of the structure of large-sized 
programmes which allow gains of scale in the 
implementation, operation and effectiveness. Such 
technological options have actually revealed 
themselves to be quite appropriate, as they meet 
with the peculiarities of the transportation industry, 
turning feasible the necessary capillarity of the 
supply offered by the operational units and the 
Transportation Network. 

As far as the programme's management is 
concerned, the data generated on the performed 
actions are consolidated on a daily basis thorough 
the national replication of data bases, thus allowing 
the perfect control of the management of actions at 
national level. 

In regard to the programme for multipliers, the 
large turnover of workers and the large number of 
companies turn difficult for SENAT to carry out an 
effective monitoring of the presential programmes 
developed by instructors at the companies which 
are qualified by SENAT. In order to not affect the 
quality benchmarking of the courses taught at 
SENAT-certified companies, the programme has 
been restructured, dealing only with the 
educational qualification for monitors, but without 
certificating any more the concrete educational 
actions performed by the instructors of the 
companies. 

There has been also a problem in the education 
at distance programme: the deployment of the 
Transportation Network points was not preceded 
by a mobilisation campaign for the effective use of 
the channel; in the first moment, there has been a 
large adhesion by companies, but later, the 
effective utilisation has been slowing down, as it 
can be seen by the reduction of the number of calls 
in the distance learning programmes of the year 
1997. 

5 .  FINAL CONSIDERATIONS 

The aim of this contribution has been the 

cultural upgrading of the employees of the 
transportation industry, identifying their successes 
and failures, as well pointing out the necessary 
measures to be taken in order to improve the 
programmes. Looking at the quantitative 
outcomes, the results appear to be satisfactory, as 
the reports reveal that more than 50% of the 
universe of the employees have been reached by 
the training actions. 

As far as the qualitative aspect is concerned, 
because of the lack of systematic appraisal, the 
only results have been produced so far by 
monitored experiments and testimonies by 
participants and managers, which tend to give a 
positive picture. However, there is a clear need for 
more scientific studies to check the degree of 
impact of the training actions on the professional 
performance of the employees. The result of such 
surveys can be extremely useful as a feedback for 
an eventual refocusing of programmes. 

For this purpose, some preliminary surveys 
have been carried out on the most demanded 
training programmes (SEST/SENAT, 1998), which 
revealed that 85% of the most used courses, both 
in the presential and distance education modalities, 
are related to specific areas, and that within this 
sub-universe, 90% have been training programmes 
for drivers. Such data lead to the conclusion that 
investment in full professional training in the 
industry is still in an embryonic phase. 

In face of this, an interesting strategy would be 
the implantation of a special programme for 
managers, which would create some awareness for 
the need and on the usehlness of in house training 
programmes, thus making possible the extension 
of training actions both to the operational and 
decisional levels of the enterprises. 

In such a context, it can be concluded that 
SENAT's main goals during these first 5 years 
have been fully met despite flaws and problems. 
At least, SENAT can be recognised to have made a 
considerable contribution in developing awareness 
for the importance of investing in human resources 
as an important mean for the improvement of the 
efficiency of the companies and consequently of 
the whole industry. 
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ABSTRACT: The population trends in India indicate continued urbanisation and metropolitanisation in the 
decades to come. The existing urban transport infrastructure is stretched to limits. There is multiplicity of 
agencies dealing with urban transport making it no body's baby. The paper has suggested institutional frame- 
work at National, State and City levels. The author has proposed to setup Unified Metropolitan Transport 
Authorities with summary powers to plan, execute, coordinate, operate and maintain urban transport systems. 

1 .O INTRODUCTION 

1.1 Growth of Population and Urbanisation 

India is one of the largest urban systems of the 
world. The growth of urban population in India has 
been very rapid during twentieth century, especially 
in the post independence era after 1947. While the 
total population of the country has grown by 3.5 
times from 1901 to 1991, its urban population has 
grown approximately 9 times from 25 million to 2 17 
million during the same period. The share of urban 
population in the total population has risen from 
11% in 1901 to 26% in 1991 and is expected to fur- 
ther rise to 37% by 2021. The urban population is 
estimated to touch 306.9 million by 2001 and 540 
million by 2020. A specific feature of India's urbani- 
sation is the increasing metropolitanisation i.e. the 
growth in the number and size of cities with more 
than one million population. The concentration of 
population in million-plus cities is very striking. 
Their number has increased from one in 1901 to 5 in 
195 1 and 23 in 1991. This number is expected to be 
51 by2021. 

The several factors responsible for rapid urban 
growth in India include vital impact of higher birth 
rate and low death rate, inability of agriculture sector 
to absorb and provide employment to large rural 
population, expansion of trade and industry and 
technological revolution among others. The trends 
indicate continued urbanization and metropolitani- 
sation in the decades to come. The metropolitan 
concentration shows high levels of migration to 
large cities from rural areas as well as smaller towns 

and indicate increasing spatial imbalances in the de- 
velopment and concentration of employment op- 
portunities in urban areas, particularly in bigger cit- 
ies. 

2.0 EXISTING URBAN TRANSPORT SCE- 
NARIO 

Rapid growth of urbanisation is straining the 
civic services in the cities and urban transport sector 
is no exception. Augmentation of the urban trans- 
port system has not kept pace with the growth in 
demand. Due to improved socio-economic levels of 
urban middle class coupled with liberalisation of the 
Indian economy, there is a tremendous growth of 
personalised vehicles in Indian cities. This growth 
has mainly been abetted by lack of proper mass 
public transport system in the cities. Increased ve- 
hicular traffic on limited and nearly stagnant capac- 
ity roads has led to reduction in average journey 
speeds (as low as 5-10 km/h in central areas), 
thereby, increased travel times resulting in loss of 
productive man-hours. The cost of congestion and 
delays in a Mega city like Delhi may be enormous. 
Air pollution and accidents are increasing and there 
is general degradation in the quality of city life. 
Consequently, efficiency of cities and their eco- 
nomic potential are declining leading to flight of 
capital from cities like Bangalore. Urban centers are 
considered 'generators of economic growth'. It is 
estimated that the contribution of urban population 
of India to the GDP in 55-60% It requires an effi- 
cient urban transport infrastructure to provide mo- 
bility to labour force and to maximise the contribu- 
tion of urban areas to the national economy. 
However, the existing urban transport infrastructure 
in India is quite weak and is strained to limits by in 
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creased vehicular traffic. Moreover, there is hardly 
any mass public transport system even in the mil- 
lion-plus cities of India except Mumbai and to some 
extent in Calcutta and Chennai where Indian Rail- 
ways are running rail-based urban transport services. 

3.0 PRESENT MANAGEMENT OF URBAN 
TRANSPORT 

3.1 Multiplicity of Agencies 

The main hurdle in resolving urban transport re- 
lated problems is the multiplicity of agencies re- 
sponsible for planning, development, operation and 
maintenance of urban transport infrastructure. Due 
to lack of a single agency to oversee and coordinate 
the planning, development and maintenance of urban 
transport, this subject has become an institutional 
orphan as none of the agencies takes it up with ut- 
most sincerity. So far, rail-based urban transport 
systems have been planned, developed and are being 
operated and maintained .by the Indian Railways 
(IR). The largest suburban rail transport system of 
Mumbai (Bombay) carries 6 million passengers 
daily over Western and Central Railway systems. 
The only underground metro railway system of India 
was also developed by the IR in Calcutta. The IR are 
running suburban trains in metropolitan towns of 
New Delhi and Chennai apart from Calcutta and 
Mumbai. However, whenever there is a demand to 
construct and develop further suburban routes in 
metropolitan cities, the IR develops cold feet be- 
cause it is a loss-making preposition and moreover 
the IR gives much more attention to long distance 
passenger and freight traffic, which are its bread and 
butter. The subject of 'Urban transport' has been 
transferred to the Ministry of Urban Development 
vide Allocation of Business rules, 1986. The Min- 
istry of Urban Development (MUD) has no expertise 
either in rail or road based urban transport. There 
are no professionals with this Ministry. The subject 
is looked after normally by officers of Indian Ad- 
ministrative service (IAS) who have no professional 
expertise in rail/road transportation. 

The State Road Transport Corporations (SRTCs) 
operate inter-city bus services. Only in some of the 
cities, SRTCs are operating few city buses in the 
name of urban public transport like New Delhi. In 
some other cities, such buses are run by municipali- 
ties. There are various private bus operators running 
such public transport in cities along with skeletal ur- 
ban transport run by the State Governments and mu- 
nicipalities. The traffic is controlled by Police with 
or without the help of signaling. The road network 
in cities is developed and maintained in some cases 
by the Central or the State Public Works Department 
or the municipal corporation in others. Land use 
planning is done by the local Metropolitan Devel- 

opment Authority. Licensing of motor vehicles is 
done by State Transport Authority while that of non 
motorised vehicles by the municipalities. Then, there 
are Cantonment Boards and in some metropolitan 
areas, there are more than one municipalities. In 
most of the cases, there is no coordination between 
these various agencies and they work in isolation, 
the result of which is always a badly managed, urban 
transport. 

At the level of State Government, there is hardly 
any State having an independent secretariat for ur- 
ban transport. This subject is tagged to different de- 
partments in different States. In some states, it is in- 
cluded in Deptt. of Transport while in the Deptt of 
Urban Development or Deptt of Planning and De- 
velopment or even Deptt of Environment in others. 

3.2 Urban Transport is a Secondary Responsi- 
bility 

As mentioned above, there is a multiplicity of 
agencies concerning urban transport. At central 
level, Ministry of Railways (MOR) give lower pri- 
ority to suburban transport, firstly, because the sub- 
ject has been transferred to Ministry of urban devel- 
opment and secondly, it is a loss making 
proposition. Only under political compulsions, the 
MOR is forced to give due attention to operation and 
maintenance of its existing suburban services. In 
fact, the MOR is not at fault as it  is starved of funds 
and experiencing financial crunch for wiping out 
huge backlogs of track renewals and shortage of 
wagons and coaches. It is only natural that the MOR 
gives higher priority to long distance passenger and 
freight traffic due to which it earns a surplus, again, 
to be reinvested in construction of main lines and re- 
newals of assets. 

The Ministry of Surface Transport (MOST) is re- 
sponsible for NationaVState Highways passing 
through cities and it hardly coordinates with the mu- 
nicipal corporation for urban transport problems. 
The police is more concerned with law and order. 
The traffic police who manages important signaling 
on road junctions is a neglected part of the police. 
The Transport Department of a state is normally en- 
gaged in issue of driving and vehicle licenses rather 
than planning and development of urban Transport 
infrastructure. 

Similarly, primary responsibilities of municipali- 
ties is to provide civic services like water supply, 
sanitation and electricity etc. They don't think of 
planning and development of urban transport infra 
structure, at all. Thus, there is nothing wrong in 
saying that urban transport is an institutional orphan 
and is nobody's baby. 
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3.3. Lack of Trained Professionals 

Only the MOR and the MOST have trained pro- 
fessionals in the field of railways and roads respec- 
tively. The MUD entrusted with the subject of ur- 
ban transport has no professionals either in rail or 
road based transport. The state of affairs is the same 
in the states and in various Municipal Corporations. 
Only isolated efforts have been made to engage 
trained urban transport planners or engineers in 
some cities. Even these planners have felt disgusted 
as they are not 'heard' by the bureaucracy and they 
have no promotional prospects. 

4.0 INSTITUTIONAL MECHANISMS FOR 
MANAGEMENT OF URBAN,TRANSPORT 

4.1 National Level Institutions 

At the National level, the MUD has been desig- 
nated as the nodal Ministry for Urban Transport. 
The MUD has to discharge its responsibilities of 
policy formulation and planning, preparation of pro- 
grams and projects, funding and monitoring etc. An 
Urban Transport Wing to be headed by a Joint Sec- 
retary level Officer having professional experience 
should be created. The level may be upgraded to 
Additional Secretary in ,future. The Wing should 
have an independent Director/Deputy Secretary 
alongwith two transport planners and one Transport 
economist to start with. All these officers should be 
professionals and the Director and the Joint Secre- 
tary should be Engineers/professionals in rail /road 
based transport taken on deputation from the MOR 
and MOST including National Highway Authority 
of India and Public Works Departments. At present, 
these posts have been filled up with IAS Officers 
who are not transport professionals by any count. 
Moreover, they are looking after many other respon- 
sibilities in addition to Urban Transport. 

In long tenn, a National Urban Transport Com- 
mission/Board (NUTUNUTB) as recommended by 
the National Commission on Urbanisation (1 989) or 
a separate Development of Urban Transport may be 
created. 

However, it is advisable that the MUD should 
not, in any way, enter into the field of execution of 
urban transport projects either directly or through its 
undertakings as has been done in case of Delhi 
Metro project, which is being carried out by Delhi 
Metro Rail Corpn. Ltd. ajoint venture of MUD and 
Goverment of Delhi because it will lead to prolif- 
eration of agencies and multiply the problems of co- 
ordination, This is advised in view of the fact that 
the MUD will never have the bank of professional 
expertise as available with the MOR and MOST or 
their various agencies nor it  is supposed to possess 

as it will only proliferate the Govt. staff already in 
large number. Once, a particular rail or road based 
urban transport project is finalised or sanctioned by 
the MUD, it should ask the MOR or MOST to exe- 
cute the project and monitor that upto completion 
until UMTAs are in place which can get the projects 
executed through competitive tendering. 

4.2 State Level Institutions: 

The States having million-plus cities should set 
up Directorates of urban transport under their De- 
partments of Urban Development or Transport or 
any other department handling Urban Transport. 
The Directorate of Urban Transport should be 
headed by an appropriate level (Chief Engineer or 
Deputy Chief Engineer) of Engineering / transporta- 
tion professional and assisted by one or two trans- 
port planner(s) and one transport economist with 
supporting staff. These directorates may be 
strengthened further depending upon work load and 
increase in number of million plus cities. Whenever, 
there is a separate Secretary for Urban Transport in a 
State, he/she should be an engineering/transportation 
professional and may be taken on deputation from 
the MOWMOST or State PWDs. There is no need 
for proliferation of the Directorate into various Divi- 
sions like planning, finance, management, legal, 
technical or information systems etc. to start with. 
This may be done as per need in long term. In India, 
there is a tendency for proliferation, which ulti- 
mately leads to overstaffing everywhere. Larger 
number of staff leads to reduced promotional pros- 
pects, increased unionism and procedural delays. 

As at National level, State Urban Transport Board 
or separate Department of Urban transport may be 
set up depending upon the work load. 

4.3 City Level Institutions 

In all Metropolitan cities, Unified Metropolitan 
Transport Authorities (UMTAs) should be set up 
under an enabling UMTA act to be legislated by the 
State Governments or by the Central Government on 
the request of the State Government. 
The Government of National Capital Territory of 
Delhi have drafted a Delhi UMTA bill which is un- 
der consideration. The UMTAs will plan and coor- 
dinate various modes of urban transport in the con 
cerned cities, operate and maintain various urban 
transport systems, monitor the projects and evolve 
integrated fare structures including common ticket- 
ing for various modes of urban transport. The rail- 
based transport systems consisting of suburban rail, 
metro rail, intra-city transport may be delinked from 
the Railways and attached to the UMTA. Similarly, 
the operation and maintenance of bus transit within 
metropolitan limits may be brought under overall 
operation and coordination of the UMTAs. 

585 



The role of the Unified Metropolitan Transport 

(a) estimation of the traffic demand 
(b) liaison with educational institutions, indus- 

trial and business establishments and Gov- 
ernment offices regarding staggering of 
working hours etc. 

Authorities should include: 

(c) integrated planning of transport supply, 
(d) coordination of time tables and allocation of 

the routes 
(e) planning of inter-modal transfers 
(f) determination of fare structure, and 
(8) collection and sharing of revenues among 

various partners. 

It should also monitor the execution of urban 
transportation system projects. The UMTAs should 
work under the Ministry of TranspodUrban Devel- 
opment of the state as the case may be. It has been 
suggested by some quarters that such Authority 
should have Chief Minister of the state as Chairper- 
son along with various other ministers and bureau- 
crats as members, while one of the studies for Delhi 
Unified Metropolitan Transport Authority 
(DUMTA) under consideration in the MUD has pro- 
posed the Lieutenant Governor of Delhi as ex-officio 
Chairperson along with the Minister of Transport as 
Vice-Chairperson and a Member of Parliament, a 
Member of Legislative Assembly and a horde of 
other bureaucrats either as ex-officio or whole time 
members totaling to 18 members. It has further sug- 
gested an Advisory Council of 23 members, again, 
most of them all bureaucrats working in various de- 
partments, ministries, government institutions in- 
cluding some representatives of user groups and op- 
erator associations. The suggested framework will 
hardly work because none of either the political 
leaders or the bureaucrats would find time for seri- 
ous discussion at the meetings. The UTMA should 
not have more than 10 members as more the num 
ber, difficult it would be to arrive at a fruitful deci- 
sion. The UTMAs should have a permanent board of 
directors solely devoted to its cause. They should be 
selected from a wide field of professionals from pri- 
vate/govement organisations. This has to borne in 
mind that urban transport planning is not to be done 
in isolation but it has to be a part of overall urban 
development. Full powers should be given to the 
UMTAs otherwise they will remain sick like any 
other State Transport Corporation. Till UMTAs are 
in place, Traffic and Transportation Cells (TTCs) 
should be created in the Municipal Corporations of 
the Metropolitan cities to carry out regular collection 
and analysis of traffic data so as to plan, design and 
develop urban transportation systems. These TTCs 
should be placed under the control of UMTAs after 
they are created. 

5.0 CONCLUSIONS 

The trends indicate increasing urbanisation and 
metropolitanisation of India. There is lack of proper 
institutional mechanism at the National, State and 
city levels. At the National level an Urban Trans- 
port Wing to be headed by Engineering/Transport 
professional of Joint Secretary level should be cre- 
ated. At the State level, Directorate of Urban Trans- 
port should be set up under the Department of Urban 
Development or Transport as the case may be, 
staffed with engineering and transport professionals. 
At the city level, Unified Metropolitan Transport 
Authorities (UMTAs) having summary powers 
should be set up. The execution of rail or road based 
urban transportation projects should however, be 
executed by the Ministry of Railways and Ministry 
of Surface Transport respectively on the request of 
the Ministry of Urban Development after finalisation 
of the project proposals until UMTA takes over the 
transport network in a particular metropolitan city. 
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ABSTRACT : The issue of urban services delegation is not a new one but is still an up to date topic, 
specifically for post-communist countries, where urban services used to be considered as (( quasi rights D. The 
almost free of charge mass transit has become a consumer good and leads to changes of mobility and modal 
choice. Considering the consequences of this changes for urban environment, one can guess the importance of 
urban transport policy for (( transitional cities D. 
On the main question of urban transport systems convergence, we come to the notion of (( limited 
convergence )) of post-communist countries whom path to market economy is determined both by an 
(( international leading pattern )) and by the come back and affirmation of regional influences. 

RESUME : La question de la delegation des services urbains n'est pas nouvelle, mais elle s'avere 
particulierement interessante dam Ies pays post-communistes, oh la plupart des services collectifs etaient 
comparables a un droit dans l'ancien systeme. Le transport public presque gratuit est devenu un bien marchand 
et donne lieu a de nouveaux choix modaux. A travers les consequences de ce choix pour l'environnement on 
mesure l'iniportance de la politique des transports urbain pour les ({ villes en transition D. 
La question centrale qui apparait est de savoir si les nouveaux systenies de transports publics de ces pays 
convergent vers un niodele d'organisation et un niveau d'offre moyen. Nous aboutissons finalement a la 
notion de ''convergence limitee" des pays post-comniunistes qui adherent pour partie a (( un modele 
dominant )) et reintegrent par ailleurs leurs aires d'influence geopolitiques. 

INTRODUCTION : DEUX FORMES DE 
LIBERALISATION DES TRANSPORTS 
PUBLICS A PRAGUE ET HCMV 

Les transformations qui touclient actuellement le 
secteur des transports publics de H6 Chi Minh Ville 
et Prague auront des consequences considerables sur 
les conditions du developpenient de ces villes. 
L'explosion de la motorisation a HCMV pose avec 
urgence la question d'une amelioration du reseau de 
transports publics. A Prague cette meme 
motorisation represente un defi quotidien pour des 
transports collectifs de surface dont les performances 
s'amenuisent a mesure que la congestion augmente. 
Dam les deux cas une politique publique locale de 
transport est affichee mais pas ou peu mise en 
ceuvre, alors que tout le secteur se restructure. Les 
nouveaux modes de gestion efficaces integreront ils 
la dimension du developpement durable auquel 
participent les transports publics. Le co6t de la 
transition sur le fonctionnement urbain est dores et 

deja considerable pour la collectivite, que l'on se 
situe du point de vue du temps perdu, des accidents 
ou de la pollution atmospherique. 

Alors qu'une description de l'etat des lieux nous 
conduit evidemnient a constater l'eloignement des 
contextes de Prague et H6 Chi Minh Ville dans ce 
que nous convenons de denommer transition post- 
communiste, une analyse plus fine de la nouvelle 
organisation de l'activite presente de nombreux 
points de rapprochement possibles. 

1. Deux transitions vers l'kconomie de marchi dans 
dew: civilisations diJflfi;rentes 

Les contextes tres eloignes des deux regions rend 
caduque toute comparaison quantifiee. 
A H6 Chi Minh Ville, ville d'Asie du Sud Est 
essentiellenient caracterisee par son organisation 
mixte, par une morphologie horizontale hormis au 
centre ville, par une trame viaire largement 
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constituee de ruelles dans les quartiers et par 
l’importance de la petite entreprise familiale et donc 
du transport individuel deux roues, le transport 
public a ete fortement developpc5 pendant la periode 
coloniale. Des la fin des annees 50 son caractere 
exogene et son inadaptation au mode de vie 
conimun, mais aussi l’instabilite politique qui 
regnait alors ont contri bue au dimantelement 
progressif du reseau de transports collectifs, a 
commencer par son segment le plus lourd, le 
tramway. 
Dans les deux decennies qui suivent, le niveau de 
service depend essentiellement des importations de 
matkriel etranger, a la faveur de la presence 
americaine notamment. Cette contrainte 
technologique est syniptomatique d’une situation 
determinee par la pauvrete des ressources du pays 
pendant cette periode. La liberation de Saigon 
renonimee H6 Chi Minh Ville en avril 1975 
provoque une rupture et desorganise largement les 
institutions locales. Malgre l’adoption des principes 
du socialisme (d’organisation centralisee, de 
production par une entreprise d’Etat et de contr8le 
de la mobilite via, par exemple, la prise en charge du 
transport des salaries par les entreprises), les 
difficultes economiques entrainent rapidement une 
nouvelle reduction de l’offre des transports 
collectifs. 
Au Viet-nam donc, sous developpement, 
organisation urbaine et adoption a la fois courte et 
brutale du socialisme se conjuguent pour laisser 
s’amenuiser dans une spirale descendante offre et 
demande de transports collectifs. En 1986, le Doi 
Moi, litteralement (( New Deal )) vietnamien, 
entraine en matiere de transports urbains un 
phenomene de transition paradoxal, design6 par 
certains par le terme de (( double transition D, dans 
laquelle l’augmentation rapide de la ricliesse 
s’accompagne d’un discours autoritaire et du 
maintien de la bureaucratie herite du communisme et 
de la tradition mandarinale. 

A Prague au contraire, nous nous trouvons a une 
extremite culturelle opposee, ou se sont conjugues 
une tradition germanique favorable aux transports 
publics et une politique autoritaire de planification 
socialiste des transports urbains, avec une tradition 
d’organisation industrielle forte et un niveau de 
developpenient eleve (6e”le puissance mondiale entre 
les deux guerres). Dans cette ville, au moment de la 
revolution de velours (1989) le partage modal est 
tres largement en faveur des transports publics, 
comme dam tous les pays d’Europe Centrale et 

Orientale, ainsi que dans les pays de 1’Europe 
balkanique. On peut neanmoins observer que dans 
l’ensemble des ces pays, comme dans les pays 
occidentaux, l’augmentation du revenu a des 
consequences sur la motorisation ; aussi les pays les 
plus riches de l’ancien bloc socialiste presentent ils 
les taux de motorisation individuelle les plus eleves, 
en croissance dans les annees 80. 

Alors qu’une transition apparemment radicale - et en 
realite trks pragmatique - est promue par le premier 
Ministre de l’epoque V. Klaus, sur les conseils 
d’econoniistes tels que D. Friedman (fils du fameux 
nionetariste), et consiste a appliquer les preceptes 
liberaux de privatisation, decentralisation et 
desengagement maximum de l’Etat, au Viet-nam le 
modele chinois du socialisme de marche accouche 
d’une synthese originale dans laquelle se conjuguent 
maintient de l’autorite du Parti, organisation 
bureaucratique et developpement de l’initiative 
individuelle. 

Enfin, alors qu’une certaiiie anomie semble frapper 
la societe Tcheque qui par ailleurs figure au premier 
rang des (( pays en transition )) en matiere de revenu 
par habitant, mais aussi de reinsertion internationale 
(premiere adhesion a l’OCDE, entree a 1’OTAN et 
pressenti en priorite pour entrer a 1’UE) mais subit 
coninie toute 1’Europe Centrale une recession 
economique durable, le Viet-nam du sud en 
particulier, se jette dans l’experience du marche avec 
une aisance liee a la tradition de l’entrepreunariat 
familial. Dans ce pays, la tension apparait plutbt 
dans l’effort de (( reregulation )) que les autorites 
souhaitent exercer. C’est donc au pays de l’oncle Hb 
que le liberalisme le plus abouti s’affiche, davantage 
qu’en Republique Tcheque ou les grands 
conglomerats industriels et les entreprises d’Etat ont 
du mal a se restructurer et oh l’opinion publique 
reagit lorsqu’elle se sent menacee par des mesures 
d’austeritk jugees trop liberale. 

En tous cas dans les deux villes, l’explosion de la 
motorisation place les autorites devant l‘urgence 
d’une gestion des transports urbains pour assurer les 
conditions d’un developpement durable de leur ville. 

2. Des transformations pctralliles dans le secteur 
des transports collectifs 

D’une part donc, la recherche de plus de liberalisme 
et un apprentissage comportemental laborieux, de 
l’autre la recherche de dispositifs de contr8le pour 
mettre en Ceuvre une veritable politique urbaine qui 



devient urgente face au developpement de la 
motorisation. Nous sommes bien en presence de 
deux pays dont I’experience socialiste contrastee 
dais deux aires geographiques tres differentes donne 
lieu a une transition dont les trajectoires sont 
apparemment divergentes. 
Pourtant les transformations institutionnelles qui 
constituent une premiere etape de cristallisation de 
iiouvelles references et valeurs et qui 
conditionneront par la suite les principales decisions 
publiques soiit tres proches dans les deux villes 
etudiees. I1 y a identite dans le changement au 
niveau des cadres organisationnels issus du 
socialisme et des orientations prises. 

Les cadres issus du socialisme 
L’organisation classique socialiste est pyramidale et 
ne peut coiicevoir de contradiction en son sein : 
chaque partie est un rouage dans la mecanique 
d’ensemble dont la direction est assuree par le parti 
dans le systeme du centralisme democratique. 
Dans ce schema le transport public urbain est gere 
par le Ministere des Transports, deconcentre en 
partie dais les villes. Notons qu’a Prague comme a 
HCMV il n’y a pas a propremeiit parler d’entite 
administrative urbaine. La ville est comprise dans 
l’equivalent du departement et divisee en 
arroiidissement iiiais lie presente pas de realite 
intermediaire. A Prague comme a HCMV, deux 
entreprises d’ Etat assurait l’ensemble des services de 
transports collectifs urbains, articules en peripherie 
avec les services de transports interurbains. 

Les orientations prises 
les pouvoirs locaux se developpent dam les deux 
pays. niais avec difficulte, 
La collectivite interpose Line autorite du transport 
entre elle et les operateurs, 
l’etat se desengage conipletement du transport 
urbain, alors qu‘il s’occupait de tous les aspects 
de la vie sociale, dans une organisation 
pyramidale. 
les eiitreprises publiques donnant naissance a des 
societes privees et apparaisscnt a c6te d’elles 
d‘autres operateurs, 
enfin, les media se saisissent du probleme des 
transports urbains, iiiforment. relaient I’opinion 
et/ou les autorites pour initier un dkbat qui fait 
interveiiir la societe civile : uiie des tsclies 
principale de la nouvelle autorite est de gerer les 
plaiiites des usagers, liees a la degradation de la 
situation OLI a des rnesures impopulaires. 
les diverses formes d’assistances et de conseil 
jouent uii rcjle important dans la recomposition du 
secteur. 

1 DE L’ORGANISATION MONOLITHYQUE A 
LA DILLUTION DE LA PUISSANCE PUBLIQUE 

Un mouvement gezeral de dilution du pouvoir 
caracterise Ies systernes des pays en transition. Cette 
dilution prisente des consequences pour les 
transports collectifs. 

I .  I privatisation et dkcentralisation 

La decentralisation procede du phenoinene de 
privatisation au sens large d’un transfert du pouvoir 
et de l’exercice des droits de propriete de 1’Etat vers 
l’eiiseinble des autres persoiines, morales ou privies, 
du pays. Les collectivites locales se retrouvent donc 
acteurs dans le nouveau jeu. Globalemeiit la question 
des transports urbains, dont la zone d’action doit etre 
l’agglomeration, se heurte au difficultes de mise en 
place de I’intercornmunalite, pour definir uii 

perinietre de competence institutionnel necessitant la 
cooperation de plusieurs communes ou parties de 
communes. Par ailleurs les capitales et grandes villes 
buttent sur le probleme de l’integration modale et 
tarifaire, face a une urbanisation et a des pratiques de 
niobilite quotidienne qui rendent complexe la 
definition d’un perimetre de transports pertinent. 
Pour pallier ces nouveaux besoins en peripherie, uii 

nouveau segment d’offre de transports publics se 
developpe, pris en charge par de petits entrepreneurs, 
geiieralernent dotes d’un outil de production vetuste 
(anciens autobus CSAD a Prague, vieux tricycles 
lambrettas a H8 Chi Ming Ville). 
Alors que le systeme communiste entraina uiie 
homogeneisation de l’espace (pas de marche foncier) 
et une logique de production basee sur l’offre, le 
capitalisme produit uiie heterogeneisation et appuie 
sa production sur la connaissance de la demande et 
la maitrise des cotits. Dans le premier cas la 
polarisatioii spatiale est limitee, daiis le second elle 
se developpe autour des centres urbains. 
L’heterogeneite caracterise aussi les modes de vie et 
donc les besoins, qui sont au contraire preetablis 
dans le systeme coimiuniste (certains auteurs parleiit 
de dictature sur les besoins). TOLK ces changements 
provoqueiit uiie transformatioii de l’offre de 
transports et de son organisation : 
en peripherie regnent la concurrence et les petites 
eiitreprises recentes, pour I’exploitation de lignes a 
faible rentabilite, puisque les distances soiit loiigues 
et les densites de population faibles. 
au centre de la ville, les eiijeux se concentrent et 
(( les places sont cheres H. Ceux qui bkneficient des 
acquis du socialisme les conservent : les entreprises 
d’ Etat se restructurent, inais conservent et renforcent 
m h i e  une position de force. du fait de leur maitrise 
technique et capitalistique du secteur. 
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1.2 multiplication des acteurs et questions de 
contractualisation 

La privatisation donne lieu a une segmentation du 
marche. Sur chaque segment, on rencontre au moins 
un operateur, et au fur et 5 mesure qu’on s’eloigne 
du service de type communiste (modes de transports 
lourds, centralises et centraux), la concurrence est 
plus forte car les exigences de la collectivite plus 
faibles. 

les iiouvelles autorites du transport 

Dans tous les cas, un besoin de coordination, de 
contractualisation et de contr8le se fait ressentir et 
donne naissance a une nouvelle institution chargte a 
la fois d’une tiiclie technique de planification et 
d’une fonction politique de negotiation dans un 
systeme non plus unilateral descendant, mais 
multilateral, a la fois vertical et horizontal. Cette 
nouvelle institution ne dispose pas d’une reelle 
autonomie fiiianciere et reste largeiiient organisee 
autour de la ville centre, qui la finance 
exclusivement ou quasi exclusivenient. Qu‘il 
s’agisse du Centre de Gestion des Transports Publics 
a HCMV (septembre 1996) ou de ROPID a Prague 
(decembre 1993), le probleme iiiajeur, m6me si les 
causes en sont differentes, concerne la 
differenciation des operateurs et le perimetre des 
traiisports urbains qui necessite uiie mediation 
complexe avec plusieurs types d’acteurs et la 
redaction de contrats commerciaux inedits, lies a la 
delegation de service public. Aux actifs specifiques 
de l’integration verticale hierarchique socialiste se 
substituent les coQts de transaction d’une 
organisation differenciee mixte dans laquelle se 
m6lent hierarchie, contrat et march6 coiiinie modes 
de coordination. 
A IHCMV, le CGTP correspond a un service de la 
Direction des Transports et Travaux Publics, service 
du Coniite Populaire de Province (niveau 
deconcentre de l’Etat), qui a Cte externalise. Au 
contraire a Prague, ROPID s’est constitue a partir du 
Departement de planification de Dopravni Podnik, 
ancienne entreprise publique privatisee en 1992. 
Cette origine institutiomielle differente s’explique 
par les repartitions respectives des pouvoirs dam 
cliacune des structures d’organisation precedente. 
Dans les deux cas les conipetences correspondent a 
des activites de conseil pour la collectivite locale, 
qui attire des competences reelles afin d’assumer ses 
iiouvelles attributions, de coordination et de 
mediation entre plusieurs collectivites locales de 
plusieurs niveaux et des operateurs diversifies. 

de nouvelles entreprises 
Anterieurement, l’ensenible des services de 
transports etaient theoriquement assures par une 
entreprise d‘Etat, prenant en charge lion seulement la 

production des veh.*km necessaires au service, mais 
l’ensemble des activitks attenantes, de la formation 
des cadres, aux vacances et a la protection sociale 
des employes, en passant par la maintenance, une 
petite production de pieces detachkes, ou le 
fonctionnement d’un musee des transports publics a 
Prague. Ce phenomene classique de conglomerat 
socialiste est beaucoup plus marque a Prague, et 
fonctionnait relativenient bien, en terme de 
production. Par contre a HCMV, les exces du 
decalage entre tradition et modele exogene ont 
rapidement conduit a un blocage complet du systeme 
de production organise et laisse la place tres 
rapidement au transport (( informel N, phenomene 
celui ci tres classique a la fois dans les pays en 
developpement caracterise par la faiblesse de la 
collectivite et dam les pays socialistes avec un 
niarche parallele important. 
En resumant dans une perspective neo- 
institutionnaliste, dans les deux villes, le schema 
d’organisation de la production adopte produisait un 
tres fort investisseinent en actifs specitiques pour 
une economie importante de coQts de transaction 
(faible recours aux contrats et aux marches). En 
effet, le systeme de production socialiste clioisit de 
faire plut8t que d’acheter, d’integrer verticalement et 
horizontalernent, chaque segment de la production 
devant finalement s’integrer dans une structure 
globale nationale, voir de l’ensemble du bloc 
socialiste. Cette integration tres poussee s’appuie sur 
le developpenient d’actifs specifiques, dont le coQts 
varie en fonction des ressources et acquis lierites : en 
niatiere de transports publics, Prague beneficiait 
d’une veritable tradition du transport public et dans 
l’ensemble du pays, on f2te encore aujourd’hui 
l’anniversaire des reseaux de transports publics. 
centeiiaires dam plusieurs villes. Au contraire, 
HCMV, tout en rejetant l’experience coloniale, a dfi 
reemprunte les schema de l’ancienne CFTI 
(Compagnie Franpise des Tramways d’ Indocliine) 
creee dans les annees 20. Les dysfonctionnenieiits 
qui apparaissent rapidement conduisent a une 
externalisation des activites d’entretiens et de 
maintenance en ptriphcrie des garages offciels et le 
developpenient de services informeis. I1 est 
interessant de noter qu’apres uiie periode de trois OLI 
quatre ans (75 - 78) durant laquelle le regime ne 
tolere aucune entrave aux exigences du parti 
communiste vietnamien (desurbanisation vers les 
zones d’economie nouvelle, interdiction du petit 
commerce et de l’artisanat.. .), les adaptations sont 
iiombreuses. Le Doi Moi ne vient en fait 
qu’enteriner politiqueiiient un courant de 
liberalisation economique et social amorce des la fin 
des annees 70 qui prefigurait l’adoption du 
socialisme de marche. 
Les iiouvelles entreprises presentent une base 
spatiale. A Prague, l’entreprise des transports garde 
la gestion de l’ensemble des itineraires d’autobus 
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exploites jusqu’a present et des deux reseaux de 
tramway et de metro, dont la deregulation s’avererait 
tres compliquee, compte tenu de leur integration 
physique (depat, garages, etc.. .). L’entreprise est 
deveiiue societe par actions en 1992, mais 
I’ensembIe du capital est detenu par Ia municipalite. 
Trois types d’operateurs apparaissent autour de cette 
nouvelle societe largement like au pouvoir 
municipal : 

des entrepreneurs qui repondent a des appels 
d’offre organises par ROPID pour l’exploitation 
de lignes en peripherie. I1 s’agit en general 
d’anciens Chauffeurs de CSAD. 
des entrepreneurs qui passent des contrats de 
sous-traitance avec Dopravni Podnik, dont la 
nouvelle logique de maitrise des coiits conduit a 
certaiiis choix d’externalisation. 
des societes privees correspondant a d’anciens 
departements de Dopravni Podnik, tel que les 
transports collectif fluvial ou les activites 
d’ingenierie. et dont l’essentiel du cliiffre 
d’affaire depend encore de contrats etablis avec 
Dopravni Podnik. 

On mesure ici le pouvoir que conserve l’ancienne 
eiitreprise de transports publics dais  le secteur, en 
integrant progressivement des logiques de maitrise 
des coiits ou de rentabilite : certains itineraires sont 
abandonne a une concurrence consideree comnie 
insignifiante. Dopravni Podnik ne sait produire que 
des Ve1i“km chers, du fait de sa lourdeur mais aussi 
des exigences internes qu’elle s’est construite. Les 
decideurs de l‘entreprise rechignent a produire au 
rabais. Or les services peripheriques doivent 
repondre a des exigences de service alleges, 
privilegiant la reduction du coGt kilometrique. 
Dopravni Podnik developpe donc une strategie 
autour de son investissement en reputation. On aurait 
tort d’associer certaines reticences a uii sympt6me 
d’incapacite d’adaptation. Les cadres de l’entreprises 
savent par ailleurs tres bien integrer les outils de 
contr6le et de management occidentaux et ne 
craigiient pas de recourir a la sous-traitance, y 
compris dans une logique de concurrence interne 
entre modes de transports. Par exemple la section 
des tramways clioisira, pendant uiie periode de 
travaux stir tel ou teI ligne, de contractualiser avec 
uiie entreprise privee plut6t que d’avoir recours en 
interne aux services de la section des autobus. 
Enfin. la formation de (( societes soeurs N est 
consideree conime une evolution positive pour la 
direction de Dopravni Podnik : c’est le capital 
faiblement productif qui a ete externalise, et les 
activites concemees se retrouvent largement 
dependantes, aujourd’hui affublees de devoirs 
qu’elles ne connaissaient pas auparavant. 

Globalement la recomposition du secteur se fait 
donc sous contrde d’une entreprise qui depend elle 

m6me largement du contrijle politique et dont la 
Iegitimite ainsi que les competences techniques sont 
tres superieures a celle de la nouvelle 
institution coordinatrice, ROPID. 

A HCMV, I’etat deliquescent des transports 
collectifs a provoquk une atomisation beaucoup plus 
nette du secteur dont la forme a ete presentee dans 
une communication lors de la precedente CODATU 
(singularite et adaptation des operateurs de 
transports publics a HCMV, Viet-nam). La nouvelle 
structuration du secteur est tres fortement segmentee, 
allant des taxis urbains et d’une ligne de transports 
geree en (( joint venture )) a l’autoproduction de 
services de lambrettas en passant par les services 
relativement organises des cooperatives. Dans ce 
schema, le Centre de Gestion des Transports Publics 
ne souffre pas de la concurrence institutionnelle de 
l’entreprise restee publique qui se charge d’exploiter 
directement les trois itineraires les plus rentables, de 
collaborer avec la joint venture pour l’exploitation 
de I’axe principal de l’agglomkration et de tirer 
profit de sa compagnie de taxi. Cette entreprise 
publique porte bien plus uiie logique de rentabilite 
que ne la fait Dopravni Podnik a Prague, pourtant 
societe par action. Elle demeure publique, et se 
comporte relativement plus en gestionnaire d’un 
service public que les autres entreprises (les 
chauffeurs sont en effet salaries et on observe 
raremeiit la passation de contrat annexe a la place du 
service coinme s’est couramment le cas chez les 
chauffeurs entrepreneurs) ; mais la collectivite est 
excessivement demunie a HCMV et si le discours 
proclame la relance du transport public, aucun 
dispositif concret ne vient assurer la mise en 
pratique : a IHCMV aucune subvention ne vient 
accompagner les obligations de service public, si 
bieii que le changement des logiques de production 
se fait par le biais d’un apprentissage expeditif, 
rendu possible par tin systeme politique qui reste 
autoritaire. 

1. J L ’irruption u‘e notrvelles logiques de production 
prksente des conskquences pour le seivices 
Pour les transports collectifs pragois, la nouvelle 
logique de production s’inscrit dam un temps 
d’apprentissage et un niveau de ressource du secteur 
consequent qui permet d’amortir la tension reelle de 
diminution du niveau de service, sous l’effet 
notaiiiment des recommandations internationales. 
L’amaigrissenient de Dopravni Podnik se fait 
lentement et sa vocation sociale s’amenuise a un 
rytlinie qui doit composer avec un personnel bien 
organise. Les obligations (y compris militaires !) dc 
l‘entreprise s‘accompagnent de fait de droits 
importants, exerces a la fois dans uiie relation 
hierarchique avec les nouveaux operateurs ou 
fournisseurs. dans une relations contractuelle avec la 
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municipalite ou dans uiie relation de concurrence de 
marclie avec la nouvelle institution ROPID. 
A HCMV, le secteur peut 6tre assimile a une activite 
coniinerciale tant sont faibles les moyens qui lui sont 
consacres par la collectivite. I1 n’y a donc pas de 
tension a la baisse du service lie a un changement de 
logique de production. Par contre la segmentation 
tres forte du marche qui s’oriente naturelleinent vers 
le developpement d’une offre de haut niveau sur les 
(( axes de la richesse )) (entre Saigon et Cholon et 
entre Saigon et l’aeroport) et d’un service 
concurrentiel sans contr6le de la collectivite en 
peripherie, entre en conflit avec la notion de service 
public qui iniplique une certaine egalite d’acces a la 
mobilite. En l’absence d‘lieritage en inatiere de 
transports collectifs, I-ICMV connait naturellement 
une liberalisation rapide du secteur face a laquelle 
les autorites reagissent en creant uii Centre de 
Gestion cense injecter des obligations de service 
public chez les operateurs. En refusant d’y adjoindre 
des avantages financiers substantiels, le systeme 
autoritaire vietnaniien tente de passer par le contrat 
de delegation sans en acquitter le coQt ; il se 
coniporte conime dam uii schema hierarchique 
integre, alors qu’il y a bien delegation de fait d’un 
service qui avant d’stre public, presente un caractere 
commercial f‘ortenient concurrentiel. De plus la 
majorite des fonctionnaires des administrations 
eiitrent eux nitnies dam des logiques de negociation 
qui font de l’ensenible du systeme vietnamien un 
vaste marche, sans frontiere claire entre public et 
prive, entre interet prive et collectif, eiitre 
organisation et jeu de inarclie. 
Cette cecite apparente des pouvoirs publics 
s’explique peut etre par la syntliese du socialisme de 
marclie. I1 est clair que le socialisme vietnamien, 
dans la iiiouvaiice cliinoise, n’a pas du tout structure 
uii secteur des transports publics sur les mtmes 
bases que celui de Prague. Pourtant des phenomenes 
paralleles peuvent ttre observes, phenomenes de 
transition, d’adaptation et d’apprentissage qui 
correspondent bien a une periode de liberalisation, 
mais qui presentent deux enjeux radicalenient 
differents : 

A Prague, la notion de service public est nouvelle 
puisqu’elle est associee a une notion corrective 
dans le systeme liberal, niais elle decoule 
naturellement de l’organisation precedente, dans 
la inesure ou elle procede d’une logique niixte ou 
de coniproniis entre intervention de la collectivite 
et libre jeu du marche. On peut dire que le 
processus de transition est ici classique et que les 
enjeux collectifs du secteur aidant, le processus 
est inaitrise dans sa globalite economique, 
politique et sociale. Au centre de ce processus se 
trouve Dopravni Podnik, dont le poids devrait 
diminuer progressivenient, en intine temps que la 
part des transports publics. 

A HCMV, la notion de service public, necessaire 
dam un systeme de marche regule qui tente de se 
mettre en place, est beaucoup plus radicalement 
nouvelle, puisqu’elle ne peut &re heritee d’un 
systeme socialiste dont le travail de prise en 
charge des individus n’a pas depasse le niveau de 
discours ou de quelques actions tres ponctuelles. 
Le socialisme vietnamien a soumis les individus 
mais apporte tres peu de droits et d’acquis qui 
correspondent aux dits services publics, ces 
domaines dans lesquels la collectivite se reconnait 
des devoirs vis a vis des citoyens. Pauvrete. 
caractere pionnier de la province d’HCMV et 
inaintien de la inainmise de 1’Etat communiste 
rendraient tres iiicertain la naissance d’un service 
public de transports si les actions etrangeres 
n’injectaient pas regulierement des exigences dc 
regulation et n’initiait pas uii debat sur le r61e de 
la collectivite. Intervenant dans le nouveau jeu, le 
consultant etranger vient tirer le Vitt-iiam vers uii 

minimum de normalisation. D’aussi loin que 
puisse venir le ViEt-nam, en cette fin de XXeme 
sikcle, l’adaptation passe par le developpenient 
d’un service public, mEme minimum, sur le 
renforcement nature1 previsible du secteur 
commercial. 

3 LES TERMES D’UN NOUVEAU RAPPORT DE 
FORCE INSTITUTIONNEL, ENTRE MARCHE 
ET HIERARCHIE 

Cette nouvelle structure institutionnelle laisse place 
a une confrontation d’intertt entre l’econoniique et 
le politique. 
Dam ce contexte de negociation plus ou moins 
inegale, Prague et HCMV convergent-elles vers un 
“modele dominant” qui, en niatiere de services 
urbains conduirait a un niveau de depenses 
publiques equivalent (part de revenu collectif par 
habitant affecte aux transports publics sur revenu 
disponible par habitant), et en matiere de transports 
publics a un niveau d’offre donne comnie optimal 
(densite kilometrique ou noinbre de v“1ciii produits 
par habitants) ainsi qu’a des productivites 
coinmerciales comparables (coQt d’un passager 
transporte). 

3. I L ’amienne entrepr’ise u’ ’Etat ditenteur des 
.rmoir’s,firire et de 10 gestion du cupitd 

L’entreprise est au c e u r  du processus de 
recoinposition et dispose de pouvoirs et de 
ressources importantes, pour faire face aux nouvelles 
formes de coordination qu’elle rencontre. C’est elle 
qui conditioiine assez largenient l’evolution prise par 
le secteur. A Prague, elle est le garant d’une activite 
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qui presente a la fois des enjeux sociaux et 
politiques. A HCMV, l’entreprise, restee dans le 
giron de 1’Etat n’est pas depositaire du mime 
pouvoir ni des memes enjeux. Elle est cependant le 
partenaire de l’intervention etrangere et son mode 
d’action privilegie est la nkgociation inegale, 
appuyee sur uii systeme bureaucratique autoritaire 
qui soumet autaiit les activites externalisees vers le 
prive (les cooperatives) que la joint venture, le point 
de rupture etant dome  par le depart de l’investisseur 
ou la disparition du service. 

3.2 La collectiviti locale, ordonnateur et comptable 
face nux niouvements de l’opinion et au 
,fonctionnement urhain 

Car le barometre que l’appareil politico-administratif 
place en face des depeiises de transports public est 
bien celui d’un iiiecontentenient plus ou moins 
inanifeste de l’opinion. I1 est a l’afffit du seuii 
d’acceptabilite social. 
A Prague, la prise en compte des indications du 
barometre soiit reelles, mais les manifestations de 
l’opinion encore timides ; au Viit-nam, le r61e de ce 
barometre est tout a fait inoperant. Ce sont les petits 
entrepreneurs, accroches a Ieur activite dans un 
coiitexte de sous emploi generalise qui, pousses a 
bout, manifestent, parfois violemment. Dans cette 
perspective, le transport public a HCMV peut itre 
considere coinme un secteur economique classique, 
sans dimension collective particuliere, a la difference 
de Prague. L’eiijeu grandissant que doit integrer le 
Centre de Gestioii des Transports Publics concerne 
le foiictioiiiiement de la ville. Cet enjeu nouveau 
n’est pas pris en compte par l’entreprise publique des 
transports, qui n’a jamais eu de fonction de 
planification et de reflexion sur l’iiiterface 
urbanisme et transports. Ici il n’y a pas concurrence 
institutionnelle comine a Prague, eiitre Dopravni 
Podnik et ROPID 

3.3 Eiitre hkriruge socialiste, ressources 
dconomiyues puhliques, volonti d’intigration 
mondiale et riaffiipnzation des spicificitis 
rkgionales. 

C’est donc par le prisme complexe de l’histoire et de 
la genese actuelle de l’articulation des differents 
acteurs que doit itre traitee la question de la 
convergence en matiere de services de transports 
collectifs urbains. Ces aspects tres variables nous 
conduisent a proposer une tendance generale qui 
devraient doiiiier lieu a des investigations quantifiees 
plus poussees. 
La sante economique et plus generalement les 
ressources endogenes du pays (connaissance des 
pratiques etraiigeres, iiiveau technologique. ..) 
conditionnent la capacite d’adaptation et 
d’interpretation des modeles exogenes, dont la prise 

en compte conditionne assez largeinent la credibilite 
internationale d’un pays.. Tendance a 
l’uniformisation et singularite des contextes 
regionaux se rencontrent donc dans un jeu de 
reconnaissance reciproque ou au contraire de 
confrontation. Dam tous les cas, l’autarcie etant 
consideree comme impossible (1’Uiiion Europeenne 
a par exeniple signale a V. Klaus, face a ses attaques 
repetees coiitre le bureaucratisme europeen, que 
c’etait bien la Republique Tcheque qui souhaitait 
eiitrer a 1’UE et pas le contraire) sauf peut itre pour 
la Chine, et les exigences du modele democrate 
liberal relativement elevee, l’orientation prise par les 
pays en transition est forcement convergente. 
Coinme le montre le cas vietnamien, cette 
convergence peut tres bien, en fonction de la 
situation de depart, occasionner un renforcement du 
secteur des transports collectifs, plienomene a priori 
paradoxal dam uiie transition post-coniniuniste et 
paradoxe leve par I’observation de la diversite des 
experiences du socialisme reel, 

CONCLUSION : RISQUES ET PROMESSES DE 
LA TRANSFORMATION DU SECTEUR 

Les deux trajectoires prises par les systemes de 
transport public de l’apres reforme (puisque le 
conimunisme reste doctrine d’Etat au Viit-nani) soiit 
iiitimement lies a l’experience socialiste et mime 
pre-socialiste des deux pays : elles influeiiceiit 
fortement les volontes et capacites d’adaptation aux 
nouvelles exigences d’un marche qui iiiduit L I ~  

changement de logique de production et des 
strategies d‘integration iiouvelles du secteur. Alors 
que le Viit-nam etait naturellement prepare a uii 
schema concurrentiel et contractuel et que son 
problenie demeure un problenie de regulation, accru 
par l’intensification du fonctionnement urbain, la 
Republique Tcheque reste attachee a un service 
collectif dont les deficiences econoniiques ne 
justifient pas le sacrifice, en regard de son efficacite 
sociale. 
Fiiialement les tensions s’exercent dam une mime 
direction et avec uii probleme comniun : le maiiitien 
ou le renforcemeiit du contrhle de la collectivite dam 
uiie nouvelle logique de negociation, de delegation 
et donc de formulation des exigences du service. 

I Les termes d’une (( convergence limitie )) : tine 
grille d’analyse your 1 ’kvolution du secteur des 
transports yublics dans les p ~ y s  en transition 

Cela nous permet d’envisager les transformations du 
secteur des transports collectifs urbains a Prague et 
HCMV comme des inodalites de rapprochement des 
transports publics d’une fourchette de niveaux 
rnoyens observes dam les pays capitalistes, en 
distinguant bien sfir les deux graiides categories des 
pays developpes solvables et ceux des pays en 
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developpement faiblement solvables, et en 
reconnaissant evideniment les differences 
importantes eiitre les societes d’ Amerique du Nord, 
d’Europe 
Est ... Ainsi, malgre le faisceau de facteurs favorables 
aux transports collectifs a Prague, leur part diniinue 
irremediablement, et malgre des facteurs negatifs 
tout aussi importants a HCMV, la part des transports 
collectifs devrait augmenter. 

Occidentale, ou encore d’Asie du Sud 

La proposition est recevable a deux titre : 
d’abord les tentatives de types socialistes ont pour 
ainsi dire disparues et les systemes de types 
capitalistes, m i k e  s’ils ne sont pas uiiiformes 
representent uiie reelle reduction du champ des 
possibles. 
ensuite, les observations faites a HCMV et Prague 
perinettent de coiistater un plieiiomene 
d’lioiiiogeiieisatioii des solutions apportees a des 
problemes qui entrent dans des typologies, 
resultat sans doute d’une communication accrue 
entre les techniciens et politiques des grandes 
villes, qui diffusent des (( best practices )) 

adaptees a un large eventail de situations : les 
problemes techniques quantifies conduisent a des 
solutions techniques d’ingenierie et les questions 
de gestion trouvent une reponse de finances 
publiques. 
enfin, les conseils et exigences etrangeres qui 
conditionnent la reinsertion (ou reintegration) 
internationale se caracterisent, avec des 
fondeineiits issus de l’appui institutioniiel ou de 
l‘aide au developpenient, par une faible prise en 
coinpte de la realite des pays et de leur heritage, 
pour des raisons d’efficacite m h e  de l’aide. Le 
service de transports publics cominuniste est 
intiiiiement lie au systenie dechu. La logique de 
rupture des premieres annees de transition, ainsi 
que l’abandon rapide de l’idee d’une troisikme 
voie ont reiidu tres rares les efforts de 
comprehension par les experts et consultants 
etraiigers. Aussi une (( raison peu 
rationnelle )) conduit-elle a priori les consultants a 
conseiller un niaintieii des transports publics 
(( dans les liniites du raisonnable D. On oublie ici 
que le niveau d’un service peut presenter 
plusieurs niveau viables, dans une situation 
econoinique donnee, eii fonction des politiques 
mise en Oeuvre et des priorites retenues. 

2 Les conditions de nzise en  aavre d’une politique de 
trunsports urbains soutenable 

L’intervention etrangere a Prague et a Hi, Chi Minh 
Ville dans le secteur des transports collectifs: entre 
Plan Marschall et Chicago boys 
On sait que I’idee d’un Plan Marschall a l’attention 
des pays de l’est est consideree comme farfelue par 
les specialistes de l’aide internationale pour des 
raisons de capacites d’absorption limitees 
notaniment par la faiblesse des cadres juridiques et 
reglementaires, evaluees a 5% du PIB par 1’UE. 
L’intervention qui peut s’observer ne correspond pas 
non plus a celle qui a eu lieu au Cliili sous forme 
d’un groupe d’experts economistes, les Chicago 
Boys, apres le renversenient de S. Allende. Entre 
aide financiere massive et mise sous tutelle 
ideologique, le processus a l’axvre avec les pays en 
transition, varie en foiictioii des enjeux qu’ils 
representent et en premier lieu de l’aire 
geograpliique a laquelle ils appai-tiennent. La 
transformatioii peut doiic se payer tres cher si les 
ressources iiiternes du pays (financieres mais aussi 
culturelles) le contraigiient a des chocs violents et 
dangereux pour le inaintien, notaniment, des services 
de transports collectifs. 

La (re)constitution de la societe civile 
Le processus de democratisation et la participation 
accrue des citoyeiis qu’il necessite conduisent a une 
prise de parole qui constitue un veritable colitre 
poids social face aux derives possibles de gestion 
des services collectifs : Les plaintes d’usagers se 
niultiplient aupres des eiitreprises de transports et 
des manifestations ont i n h e  eclatees face a des 
mesures telles que l’augmentation du prix de 
l’energie en Rep. Tclieque. Le renforcement de la 
societe civile est uiie variable essentielle dam le jeu 
qui preside a la restructuration des services 
collectifs. 

Le renforcement et la revalorisation du politique 
Enfin, la dilution du pouvoir politique et sa perte de 
credibilite contribuent a accroitre les risques de 
decalage dans les evolutions paralleles de 
l’organisation economique, politique et sociale. Les 
nouvelles instances locales souffreiit en effet d’une 
legitimite et d’un savoir faire qui resteiit reduits. La 
rapidite d’apprentissage de l’action politique et la 
prise de conscience de son r61e pour la collectivite, 
loin d’6tre evident pour certains elus, conditionnent 
la formation du troisieme contrepoids. 

Le developpement durable des villes post- 
commuiiistes dependra de leur capacite a gerer en 
parallele les trois evolutions. Un decalage dans le 
temps trop favorable aux transformations 
economiques conduira a une reduction difficilement 
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reversible des services collectifs conipte tenu des 
types d'investissement et de la coniplexite des 
systemes en cause. A Prague, coinnie a HCMV, si la 
tendance seinble fixee, le rythme du changement 
n'est pas facilement identifiable. I1 senible que ces 
deux villes presentent la similarite, jusqu'en 1997 en 
tous cas, d'un contexte relativement equilibre entre 
force politique et economique, et ce malgre le 
inaintien officiel du coiiiniunisnie au Vii3-nani ou 
les velleites ultra liberales du gouvernement de V. 
Klaus. Le manque demeure au niveau de la 
participation : le citoyen reste largement et 
naturellement exclu d'un jeu qui le (( dkpassait )) 
sous le comniunisine et qui peut l'ecraser dans le 
sys t em capitaliste. Son retour est subordonne au 
changemelit qui semble le plus long : celui des 
coinportements quotidiens, au travail, dans la vie de 
la cite ou au marche. Son absence inet en peril la 
gestion durable des villes telles que HCMV ou 
Prague. qui beneficient pourtant de secteurs assez 
structures bien que tres differents, inais nianquent 
d'un gouvernail social. La derive se fait pour 
l'instant au gre des exigences exterieures, et les 
negociations exagerement portees sur la question des 
coQts du duo collectivite locale 
decentraliskeientreprise. 
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ABSTRACT: The rapid growth of cities in developing countries has brought to the forefront the need to 
properly manage urban transport. A major drawback in India has been the multiplicity of agencies 
involved in urban transport planning and management. More often than not, these agencies work in 
isolation, with little or no coordination between them. A single agency would facilitate better integration 
of land use and urban transport planning, more optimal allocation of resources, better co-ordination of 
operations and more effective management. 

This paper looks at various institutional models that have been adopted for managing urban transport 
systems, particularly in the United States. It examines the advantages and disadvantages of each of these 
models and recommends an iristitutional framework for managing urban transport in Indian cities. 

INTRODUCTION 

The rapid growth of cities in developing countries 
is nearly universal. While less than 22% of the 
developing world’s population lived in urban areas 
in 1960, it averaged 34% in 1990 and is projected to 
exceed 50% by 2015. By then the number of city 
residents will reach 4 billion and there will be 225 
urban agglomerations with a population of more 
than 2 million each. India is no exception with the 
number of million plus cities having increased from 
5 in 1951 to 23 in 1991. The population in our 
million plus cities has gone up from 11.7 million to 
70.3 million during this period. 

Unfortunately, urbanization has been 
accompanied by congestion, pollution and 
uncontrolled urban sprawl. Expansion of economic 
activities has resulted in the road transport of more 
goods and services over greater distances. These 
developments have increased the demand for roads 
and vehicles, adding to congestion and air pollution. 
Adverse effects of these have been felt on the health 
of the people, their quality of life and the 
productivity of the economy. Good urban transport 
planning and an efficient urban transport system are 
critical needs for mitigating the problems of 
congestion and pollution in our cities. 

ELEMENTS OF URBAN TRANSPORT 
PLANNING AND MANAGEMENT 

Integrated planning for urban transport involves 
several activities. It is not merely the design of bus 
routes and construction of a road network, but 
includes activities like: 

Land use planning 
Developing a master plan for the city 
Designing and constructing a road network 
Developing criteria for new constructions 
Granting building permits 
Designing an integrated and efficient public 
transport system 
Operating and promoting the public transport 
system 
Fixing fares and schedules 
Formulating and enforcing traffic laws 
Laying down and enforcing environmental 
standards 
Laying down and enforcing safety standards 
Managing travel demand 
Maintaining the right of way for 
transportation services 
Formulating strategic plans for the future 
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EXISTING INSTITUTIONAL ARRANGEMENTS 
FOR MANAGING URBAN TRANSPORT IN 
INDIA 

At present there are several agencies responsible 
for some aspect or the other of urban transport 
planning. More often than not, these agencies work 
in isolation with little or no coordination between 
them. There is no effective forum where their 
individual plans can be dovetailed into an overall 
framework. As an example, the city of Guwahati, 
which is the capital of the State of Assam, in India, 
has the following agencies responsible for some 
aspect or the other of urban transport: 

Transport Department 

The transport department is responsible for the 
transport planning, development and regulatory 
activities in the entire State of Assam. Its regulatory 
functions are discharged through a State Transport 
Authority (STA) and several Regional Transport 
Authorities (RTAs). The STA is responsible for 
matters covering more than one region, whereas the 
RTA deals with intra-regional transport matters. 
Regulatory functions include the registration of 
vehicles, licensing of drivers and enforczment of 
safety and environmental standards for vehicles. It 
also includes the grant of route oermits, fixation of 
fares and laying down of the operational schedules. 
The STA/RTAs administer the Motor Vehicles Act, 
which empowers these agencies to discharge their 
functions. The transport department also controls the 
Assam State Transport Corporation (ASTC) which 
operates public bus services both within the city as 
well as in the rest of the State. 

Police 

The police is responsible for enforcing the traffic 
laws and bringing violators to book. They have a 
traffic police branch, which is specifically entrusted 
with this task. In fact, the traffic police even uses a 
different uniform from that worn by the rest of the 
police force. Upon their effectiveness depends the 
worth of the traffic laws. Laws that are not 
effectively enforced are meaningless. However, 
being burdened with other crime detection 
responsibilities as well as maintenance of law and 
order, the extent of importance given to enforcing 
traffic laws is limited. Quite often, this comes low in 
their order of priorities. 

Public Works Department 

The Public Works Department (PWD) is 
responsible for the construction and maintenance of 
the road network throughout the State. Major roads 

within the city are also built and maintained by 
them. 

Their list of priorities is often not motivated by 
socio-economic considerations and genuine public 
needs, but by the influence exercised by powerful 
political leaders. If there is no powerful political 
leader from Guwahati, then its roads would suffer 
neglect. They may get an occasional facelift if a 
VVIP, like the President or Prime Minister of the 
country visits the city, but this facelift is usually a 
very superficial job, designed to last only for the 
duration of the VVIPs visit. 

Municipal Administration Department 

The Municipal Administration Department, 
through the Guwahati Municipal Corporation 
(GMC), provides basic civic services within the city. 
The GMC is also responsible for the construction 
and maintenance of smaller city roads. It provides 
road lighting and traffic signaling infrastructure. The 
GMC also lizenses cycle rickshaws, which are very 
large in number and virtually choke several roads in 
the city. The GMC lays down building bye-laws and 
issues building permits. It is responsible for the 
water supply and sewerage infrastructure in the city 
and is often responsible for roads being dug up 
frequently due to its bad planning of repair work. 

Guwahati Development Department 

The Guwahati Development Department has been 
set up recently to build urban infrastructure on a 
commercial basis rather than through budgetary 
support. Towards this end, the Guwahati 
Metropolitan Development Authority (GMDA) has 
been incorporated and functions under the 
administrative control of the Guwahati Development 
Department. As of now, it has built only a few 
housing colonies and one truck parking complex. 

Town and Country Planning Department 

This department is responsible for developing 
master plans for a city and is the repository of 
technical expertise in town planning. However, it 
has little direct responsibility for enforcing its master 
plan and is dependent on other agencies for making 
sure that its master plan is adhered to. 

Indian Railways 

Urban railway systems, wherever they exist, are 
controlled and operated by the Indian Railways, an 
agency of the Central Government. It is not 
answerable to the State Government. 

While Guwahati has no urban railway system, an 
inter-city railway network runs through the heart of 
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the city. Surplus capacity on this network could be 
fruitfully utilized to run shuttle services for city 
commuters. Besides, the preferential right of way for 
railway trains often leads to severe choking on some 
segments of the city roads. Better co-ordination 
between the Railways and the State Government 
agencies could perhaps minimize such choking, 
without compromising on the need for providing 
preferential right of way to railway trains. However, 
there is little that the city administration can do 
about this as the Railways are under the control of 
the Central Government. 

Deputy Commissioner of Kamrup 

The Deputy Commissioner is the head of the 
district administration and, in particular, controls 
revenue administration. He is primarily responsible 
for removing encroachments within the city and 
keeping the right of way clear. He is also the 
chairman of the Regional Transport Authority, but 
given his multifarious tasks, he has little time to 
devote to RTA matters. As such, the Regional 
Transport Officer, who works under the control of 
the Transport Department, largely handles this work. 

Finance Department 

The Finance department controls the State 
finances and is responsible for budgeting and 
financial management. It releases funds for the 
construction and maintenance of different assets. It 
is also responsible for allocating the available 
financial resources between competing demands. 

Planning and Development Department 
This department draws up development plans for 

the entire State. In fact, its role is to integrate the 
sectoral plans submitted by the different departments 
and integrate them into a State level plan. They also 
allocate plan funds received from the Planning 
Commission of India, specifically for development 
projects. The State plan is usually a compilation of 
sectoral plans with only a limited effort to dovetail 
the sectoral plans into a meaningful whole. 

Environment Department 

The department of Environment lays down 
environmental standards and monitors air and water 
quality. It depends on the police and the RTA for 
enforcing the norms laid down by it. A Pollution 
Control Board, which functions under this 
department, renders technical advice to the 
department of Environment. This department also 
supports pollution control measures but with its 
limited finances, it has not been very effective. 

Assam Human Rights Commission 

The Assam Human Rights Commission is a 
quasi-judicial body set up to deal with cases of 
human rights violations. It has taken a proactive role 
in controlling pollution within the city of Guwahati 
and has been directing the enforcement of 
environmental standards among vehicles plying 
within the city. 

Judiciary 
Of late the judiciary has been playing a very 

active role in reducing pollution in the city. In some 
cities the judiciary has banned the use of commercial 
vehicles that are more than 15 years old and also 
directed that no vehicles should be registered unless 
they meet some stringent emission standards. 

Besides, upon the speedy disposal of cases 
brought before it depends the effectiveness of the 
enforcement machinery. Unfortunately, the disposal 
of cases has been tardy with many having remained 
undecided for years together. 

NEED FOR A CO-ORDINATING AGENCY 

As is clear from the above, there is a lot of 
confusion due to the multiciplity of organizations. 
The positive effects of one department’s work are 
often nullified by another not having the same focus. 
Establishing a co-ordination mechanism would 
facilitate the inteyg-ated planning and development of 
urban transport systems, a more optimal allocation 
of resources, better co-ordination of operations and 
more effective management. It would also facilitate 
better integration of land use and urban transport 
planning. 

INSTITUTIONAL MODELS 

Very useful lessons can be learnt from 
institutional models adopted in the US and a few 
other countries for managing public transport 
systems. Although these institutions are limited in 
their functions, being responsible only for managing 
public transit systems and not for the larger role of 
urban transport planning and management, they can 
easily be adapted for a more broad-based 
responsibility. Hence, before deciding on an 
institutional form for managing urban transport in 
India, i t  would be prudent to look at these models. 
The models can be classified into four broad 
categories, as described in the following sections: 
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Traditional Regional Public Transport Authority 
model 

The traditional Regional Transport Authority 
(RTA) model integrates policy and operations 
responsibilities in a single agency. It has only a 
limited role beyond the provisioning of transit 
services and usually operates on fixed routes. 
Among examples are the Massachusetts Bay 
Transportation Authority (MBTA) and the 
Washington Metropolitan Area Transportation 
Authority (WMATA). The major advantage of such 
a structure is strong coordination and control with 
clear accountability. There is limited possibility for 
conflict among agencies and overheads are low (an 
advantage for smaller cities). However, such a 
structure has little or no incentive for providing 
efficient services. It is vulnerable to labor and 
political pressures and is usually resistant to change. 

Enhanced Public Transportation Authority model 
The Enhanced Public Transportation Authority 

model also integrates policy and operations 
responsibilities but offers an expanded range of 
services, including services such as van poolilig and 
para-transit. It also plays a role in land use planning. 
Intervention in land use planning offers the 
advantage of being able to better match service with 
needs and enables securing a market share for public 
transport. However, it is more complex to manage 
and it is difficult to measure its performance. Like 
the traditional Regional Public Transport Authority, 
it is also vulnerable to political and labor pressures. 
Seattle is an example of the Enhanced Public 
Transportation Authority model. 

Split policy/plaizning and operations model 

In the split policy and operations model, a 
“Policy Board” is generally responsible for 
definition of the service area, capital planning, 
setting revenue goals and performance measures. 
One or several service providers are responsible for 
delivery of the service including marketing, route 
planning, maintenance, and workforce management. 
Examples of such split policy and operations models 
are seen in Minneapolis - St. Paul, and San Diego. 
The major advantage of this model is that it limits 
the extent of political influence on operations thus 
allowing it to function efficiently. It allows 
operations staff to focus on service provision. A 
disadvantage is the difficulty of defining a clear 
separation of roles as there may be some duplication. 
With several providers the difficulties of periodic 
contracting and regular monitoring also exist. 

Privatization of operations model 
A typical example of the privatization of 

operations model can be seen in U.K or in Sri 
Lanka, which have almost free market entry and 
represent complete deregulation of private providers. 
In such a model there may be no public operator at 
all with public involvement being called for only 
when social needs require a service not provided by 
the market. The advantage of such a model is that it  
minimizes costs. Its introduction has stimulated 
innovation. It offers the opportunity to penetrate new 
markets. It is also highly responsive to changing 
consumer demands. A key concern, however, is its 
social equity basis. It is likely that many urban areas 
have routes and services that are warranted but can 
not be operated at a profit. Further a completely 
unregulated market offers no assurance of service 
reliability and occasional discontinuities may result. 
If the number of operators are too many there could 
be problems of dangerous “passenger capture” 
practices. 

LEVELS OF URBAN TRANSPORT 
MANAGEMENT 

As evident from the above, the planning and 
development of urban transport requires two levels 
of responsibilities. At one level is the policy and 
planning function and at the second is the actual 
operation of services. Some models integrate both 
responsibilities in one agency whereas others 
separate the two responsibilities. Accordingly, the 
institutional arrangements could be organized in a 
single tier or multiple tiers. In a single tier structure, 
provisioning and operations responsibilities are with 
a single agency. In a multiple tier arrangement, the 
responsibility for planning and operations is split 
among different agencies. 

RECOMMENDED FRAMEWORK FOR INDIA 

On consideration of the relative merits of each 
model, it appears that the split policy/planning and 
operations model would be most suitable for the 
larger cities in India. It would enable the existing 
multiciplity of agencies to discharge their respective 
responsibilities without compromising on the proper 
co-ordination of their individual programs. It would 
combine the likely efficiencies that can be secured 
from private operation without sacrificing on the 
responsibility of the government to ensure an 
efficient, cheap, safe an environmentally friendly 
urban transport system. It would insulate operators 
from political pressures and enable them to functio? 
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in a more cost-effective manner (the bane of several 
State Transport Corporations has been the political 
pressures that they have not been able to withstand). 
Such a model would also enable better integration 
between modes as also between land use and urban 
transport planning. 

Hence, the management of urban transport could 
be organized into two tiers. The upper tier would be 
responsible for strategic planfiirlg, policy making, 
inter-modal co-ordination, integration of land use 
and transport planning, setting environmental and 
safety standards as well as capital financing. For this 
tier, a new agency needs to be set up and it may be 
called the Metropolitan Transport Authority (MTA). 
Ideally, a separate MTA would be required for each 
major city. The MTA should essentially be a 
“Board” with a small secretariat attached to it. The 
Board of the MTA for the larger cities should have 
representatives of the different departments 
involved, namely the: 

Transport department 
Q Municipal Administration department 

Public Works department 
Q Department of Environment 

Finance department 
Planning & Development department 
Indian Railways 
Police department 

Q Metropolitan Development Authority 
It should also include the Deputy Commissioner, 
some representatives of user groups and operator 
associations. 

Ideally, the MTA must have legislative backing 
to ensure that its decisions can be enforced and it  has 
the necessary teeth to make sure that it is taken 
seriously by the different implementing agencies. 
The legislative backing could come either through a 
separate enactment or even a set of amendments to 
the Motor Vehicles Act. Funds meant for urban 
transport should be routed through the MTA, to 
strengthen its hands for effective supervision of 
urban transport activities. 

The second tier functions would cover all the 
implementation responsibilities of the different 
agencies. These could continue to be discharged by 
the existing multiplicity of agencies, though under 
the overall supervision of the Metropolitan 
Transport Authority. 
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ABSTRACT: In this paper, we approach the roles played by independent regulatory agencies in the new 
regulatory scene being impiemented for the provision of infrastructures, specially public transport. Moreover, 
the paper addresses main questions concerning to relationships between regulatory agencies and public 
authorities, private or public operators and service consumers. SpecificalIy in Brazil, where the pubIic service 
approach to public transport has been applied for almost a century, what should be the sphere of influence, 
goals and tasks of independent regulatory agencies? Is there a real necessity of these institutions where public 
transport has a long tradition of being regulated and managed by public authorities while operated by private 
enterprises? How could an independent agency replace public authorities in the task of guaranteeing service 
quantities and quality as desired by people? 

RESUMEN: Este aticulo trata del papel de Ias oficinas independientes de reglamentacion en el nuevo con- 
texto de la provision de las infra-estructuras y de cambios en 10s reglamentos de la prestacion de 10s servicios 
publicos, especialmente en el sector de1 transporte publico. EI articulo apunta las principales cuestiones relati- 
vas a la relacion entre las oficinas de reglamentacion y las oficinas de transporte publico, 10s operadores 
publicos y privados y 10s usuarios. Especialmente en Brasil donde adotase la vision de servicio publico en el 
transporte a casi uno sieglo, ponese las siguientes cuesti0nes:Cuales seran las metas, las tareas y la area de 
actuacion de las oficinas independientes de reglamentacion? Hay ia real necesidad de este tip0 de oficina en el 
sector de transporte publico donde adoptase desde mucho una regamentacion donde la gestion publica es ejer- 
cida por las oficinas de transporte y la operacion por compafiias privadas? Como las oficinas independientes 
de reglamentacion podran replazar las oficinas de transporte en la tarea de garantizar la cuantidad y la cuali- 
dad de 10s servicios deseados por la poblacion? 

&SUM& Dans cet article nous analysons le role des agences de regulation independents dans le nouveau 
context0 de reformes reglementaires dans les transports publics de passagers. Dans le cas bresilien, quel r61e 
pourra jouer une agence nationale de regulation ? Sur le plan local, il y a vraiment la necessite de creation des 
organismes nouveaux, car il y a depuis des annees toute ume experience de coordination locale des transports 
exercee par des autorites organizatrices ? Comment ces agences independentes pourront garantir un service de 
qualite aux usagers ? 

1 INTRODUCCION 

Analisando las razones de la crisis del Estado en Ame- 
rica Latina, y en Brasil en particular, Bresser Pereira 
(1996) desarrolla la hipotesis de que la crisis del 
Estado en 10s afios 80 y 90 tendria tres componentes: 
i) fiscal (deficit publico, cuentas publicas negativas o 
bajas, deuda interna y externa exesivas, falta de 
credit0 del Estado, falta de confianza en la moneda 
nacional y de credibilidad del govierno); ii) crisis del 
mod0 de intervencion estatai en la economia; iii) crisis 
de la forma burocritica e ineficiente de administrar un 
Estado que se torno grade demas para poder ser gen- 

erado. Para el autor, el objetivo de la reforma del 
Estado no seria llegar a1 Estado minimo, y si recon- 
struir el Estado, desarrollando la capacidad de gover- 
nar y exigiendo que 10s prestadores de servicios a1 
Estado compitan entre si en vez de tener el monopoIio 
sobre 10s servicios. 

La reforma del Estado que fbndamenta la estrategia 
del Plan Director de la Reforma deI Aparato del 
Estado adoptado por la MARE, se basa en 10s 
siguientes ejes: 

+ Definicion de cuatro sectores dentro del Estado: 
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nucleo estrategico - donde son definidas las leyes y 
politicas publicas (Presidente de la Republica, Minis- 
tros de Estado y cupula de 10s Ministerios, Tribunales 
Federales) 
actividades exclusivas del Estado - las que garantizan 
que las leyes y las politicas publicas sean cumplidas e 
financiadas (policia, fuerzas armadas, agencia de re- 
caudacion de impuestos, agencias ejecutivas, etc,) 
servicios no exclusivos o competitivos - aquellos que 
el Estado realiza y/o subsidia por que considera de alta 
relevancia (universidades, hospitais, centros de pes- 
quisa, museus) 
produccion de bienes de servicios para el mercado - 
realizados por las empresas estatales en proceso de 
privatizacion en sectores estrategicos (energia, tele- 
comunicaciones, transportes, saneamiento, etc.). 

Creacion de las Agencias - ejecutiva (para 10s 
servicios exclusivos) y reguladora (para 10s servi- 
cios privatizados o produzidos para el mercado) - 
; y de las organizaciones sociales (para 10s servi- 
cios no exclusivos); 

Contrato de gestion firrnado entre el Ministerio de 
tutela y la agencia; 

Programas de publicizacion (para las organizacio- 
nes sociales) y de privatizaqBo (para las infra- 
estructuras concedidas atraves de licitaciones a1 
sector privado); 

La decision politica de poner en practica el proceso de 
privatizacion de las infia-estruturas en Brasil, encu- 
anto parte integrante de las reformas economicas del 
Govierno, tuvo inicio con la creacion del Programa 
Nacionai de Desestatizacibn - PND (por ia Ley no 
8.031 de 1990). En 10s primeros &OS, el PND con- 
wntro esherzos en la venta de estatales productivas, 
pertenecientes a sectores anteriormente estrategicos 
para ei desarrollo del pais, a ejemplo de la siderurgia y 
petroquimica. A partir de 1995, la privatizacion pasa a 
tener una mayor prioridad con la creacibn del Consejo 
Nacional de Desestatizacion - CND, cuando las con- 
cesiones de las infra-estruturas publicas pasam a1 
sector privado. La agenda pasa a incluir 10s sectores 
de teIecomunicaciones, electricidad y transportes. 

2 TRANSPORTES: EL DEBATE EN TORNO DE 
LAS AGENCIAS REGULADORAS ? 

La desestatizacibn en el sector de transportes t o m  una 
forma mas solida con fa implantacirin, en 1993, del 
Progranxi de Concesiones de Cerreteras - (Despacho 
del Ministro no 10/93 del Ministerio de Transporte), 
bajo la responsabilidad del Departamento de Conce- 
siones de Carreteras del DNER. En su primera etapa, 
el programa incluye la concesion a1 sector privado de 

10s trechos carreteros que habian sido objeto de peaje 
por el propio DNER, a 10s cuales incluian el puente 
Rio-Niteroi em 1994 (13,Z kin) y 10s trechos de las 
carreteras Osorio - Port0 Alegre - Guaiba, 112,3 km 
(1997), Rio de Janeiro - Petropolis - Juiz de Fora, 
I79,7 km (1995); Rio de Janeiro - Teresopolis - Alto 
Paraiba 44,4 km (1 995) y Rio de Janeiro - Silo Paulo, 
406,8 (1 995). Paralelamente, programas de concesio- 
nes de carreteras fberon puestos en practica en 10s 
estados de Silo Paulo, Parana, Santa Catarina, Rio de 
Janeiro, Rio Grande do Sul y Minas Gerais. 

En el sector ferroviario de cargas, la red nacional bajo 
la tutela de la RFFSA h e  repartida en seis regionales 
y sometidas a subasta, teniendo en 1997 terminado 
este proceso de desestatizacion, con la concesion a la 
iniciativa privada de la red Nordeste. De ai en delante, 
en 10s transportes urbanos de pasajeros, ocurrio la pri- 
vatizacibn de operadoras publicas, tanto en el modal 
ferroviario (Flumitrens e Met@ no Rio de Janeiro), 
cuanto en el de carreteras (CMTC/SP, EMT-Santo 
Andre e Joilo Pessoa, CTC-Rio de Janeiro, 
TRANSURB-Salvador e CTU-Recife) y en el 
hidroviario (Conerj, no Rio de Janeiro). En sector 
hidroviario hubo el arrendamiento de la terminal de 
Containers del Puerto de Santos y la transferencia a la 
iniciativa privada de la explotacion de la Terminal de 
Containers del Puerto de Sepetiba, de las Compaiiia 
Docas de Rio de Janeiro y Espirito Santo, del Termi- 
nal roll-on-roll-of de Rio de Janeiro y del Puerto de 
Angra dos Reis. 

2.1 Necesidad de una instancia nacional ? 

La pregunta que se coloca aqui es: teniendo en vista la 
historia de planeamiento y coordinacion publica en el 
sector de transportes, existe la necesidad de una agen- 
cia para actuar en 10s moldes de las hoy existentes 
hasta el momento? Los organismos existentes, en 10s 
niveles federal, estatal y municipal no podrian cumplir 
las tareas de regular 10s servicios? Si existe la necesi- 
dad de un organo regulador, a que atribuciones y ob- 
jetivos debera atender? Para responder a estas 
preguntas, se deven distinguir tres planos relativos a 10 
que seria una agencia: 
P nacional - en este caso ella tiene una actuacion 

agarrando el transporte de pasajeros y de cargas, 
sobre ruedas, rieles, acuaviario e aereo 

> estatal - agarrando 10s modos existentes en el ter- 
ritorio estatal 

P municipal - especificamente ligada a1 transporte 
public0 de pasajeros 

Por las atribuciones del Gobierno Federal en la Con- 
stitucion, la respuesta es positiva. Esto por que, segun 
el art. 21 compete a la Union : 
k elaborar e ejecutar planos nacionales y regionales 

de ordenacion del temtorio y de desarrollo 
economico y social; 
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explotar, directamente, o mediante autorizacion, 
concesion o permision diversos servicios, entre los 
cuales la navegacion aerea, aeroespacial y la infia- 
estrutura aeroportuaria; 10s servicios de transporte 
ferroviario y acuaviario entre puertos brasileiios y 
fronteras nacionales, o que transpongan 10s limites 
del Estado ou Territorio; 10s servicios de trans- 
porte por carreteras interestatal e internacional de 
pasajeros; 10s puertos maritimos, fluviales y la- 
custres; 
instituir directrizes para el desarrollo urbano, in- 
citiso habitacion, saneamiento basico y transportes 
urbanos; 
establecer principios y directrises para el Sistema 
Nacional de Vialidad 

S e g h  el articulo 22, queda claro que compete privati- 
vamente a la UiiiCin legislar sobre las directrises de 
politica nacional de transportes; el regimen de 10s pu- 
ertos, navegacion lacustre, fluvial, maritima, aerea y 
aereoespacial; el transit0 y transporte. 
Cuanto a 10s Estados Federados, segun el articulo 25, 
ellos podran, mediante ley complementar, instituir re- 
giones metropolitanas, aglomeraciones urbanas y mi- 
croregiones, constituidas por agrupamientos de mu- 
nicipios limitrofes, para integrar la organizacion, el 
planeamiento y la ejecucion de hnciones publicas de 
interes comun. En el caso de 10s municipios, segun el 
articulo 30, es de su competencia organizar y prestar, 
directamente ou bajo regimen de concesion o per- 
mision, 10s servicios publicos de interes local, incluy- 
end0 el de transporte colectivo, que tiene caracter es- 
encial. 

2.2 A que tipologia debe la instancia reguladora nu- 
cional responder ? 

Con el intuit0 de contribucion a1 debate, a que atribu- 
ciones y objetivos debera la Agencia Nacional de 
Transportes responder ? No se trata aqui de detallar la 
reglamentacion de la Agencia. Lo que se pretende es 
establecer una especie de un cuadro de referencia para 
su estructuracion, obtenido a partir de una analisis de 
la creacion de diversas Agencias (a ejemplo de la 
ANATEL, en Brasil) y de la literatura internacional 
(Araggo, 1999, Eustache, 1996). 0 sea, ella debera te- 
ner una estructura tecnica, material y financiera que 
permita el atendimiento de un conjunto de elementos 
asi definidos: 

incentivo a1 desarrollo economico, tecnologico e 
social; 
claras relaciones entre poder concedente (Go- 
bierno Federal, Ministerios, Alcaldias) y agencia 
reguladora de un lado; y clara definicion de 10s 
papeles de ambas frente a1 concesionario privado; 
desarrollo y adopcion de procedimientos y me- 
canismos de defensa de 10s derechos de 10s 
usuarios; 

introduccion a la competencia en el sector atraves 
de la abertura de 10s mercados via procesos lici- 
tatorios ciclicos; 
garantia de 10s principios de universalidad: acce- 
sibilidad generalizada, buena cobertura territorial, 
modicidad de las tarifas, cortesia para con 10s 
usuarios; 
estructura y politica tarifaria; 
fomento a la pesquisa y capacitacion de personal 
atraves de la alocacion de recursos, oriundos de ta- 
sas sobre el consumo de combustible, 
fomento a1 desarrollo industrial y tecnologico; 
desarrollo de procedimientos eficazes y eficientes 
de arbitraje de conflictos; 
terminos en el contrato (criterio para entrada en el 
mercado; cumplimiento de las especificaciones 
reglamentares; definicion de las bases para el cal- 
culo tarifiirio; organizacion de audiencias publi- 
cas) si, per0 que afirmar sobre ellos? 
elaboracion de un relatorio anual de actividades y 
recomendacion de medidas politicas para el 
Ejecutivo, en la medida de las necesidades. 

2.3 Redefr’nir 10s papeies de 10s organos iiacionais 

Brasil tiene una larga tradicion (negativa, de por si) de 
creacion y de extincion de organos, 10 que compro- 
mete la continuidad de las politicas de transportes. 
Asi, el hecho de la Reforma del Estado crear la Agen- 
cia reguladora implica necesariamente en la extincion 
de organismos existentes ? La pregunta se pone, por 
ejemplo, para un organismo de asesoria tecnica en 10s 
moldes de la actual Empresa Brasilefia de 
Planeamiento de Transportes - GEPOT. 

Por su tradicion en planeamiento, conocimiento de la 
realidad brasileiia, en una vision intermodal, bien 
como por la capacitacion de su cuerpo tecnico el 
GEIPOT, o un organismo que 10 substituya, deberia 
asumir hnciones mas amplias de que las de 
asesoramiento. Estas finciones deberian abrigar la re- 
alizacion de estudios tecnicos complementarios a 10s 
realizados por la Agencia y por el Ministerio de 
Transporte. Organismos de este tipo son encontrados 
en diversos paises como el caso del INRETS fiances y 
el TRL ingles. Evidentemente, en el caso de la penna- 
nencia del GEIPOT, esta tendria que darse en moldes 
totalmente nuevos, pasando esta entidad a fincionar 
como Organizacion Social.. Claro esta que esta situa- 
cion merecera un amplio y cuidadoso debate, antes de 
cualquier tomada de decision mas definitiva. 

3. Y EN EL NIVEL LOCAL, COMO QUEDA EL 
ORGANO GESTOR DELANTE DE LA AG~NCIA 

En la medida en que se defiende aqui la idea de una 
agencia con atribuciones de gestion del servicio 
public0 (planeamiento, coordinacion, reglamentacion) 
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y no apenas fiscalizadora del cumplimiento del con- 
trato, es necesario avaluarse com prudencia Ia situa- 
cion de aquellas ciudad donde existen organos ges- 
tores ejerciendo con suceso las atribuciones de 
coordinacion y regulacion de 10s servicios de trans- 
portes articulados con instancias nacionales y region- 
ales, a ejemplo de 10s Foruns de 10s Secretarios Mu- 
nicipales y estatales de transportes (Brasileiro et al, 
1999). 

En este contexto, un importante debate se instala en 
torno de la necesidad de la creacion de agencias secto- 
riales o multisectoriales. Ambos modelos poseen 
ventajas y desventajas. Los aspectos positivos de la 
agencia sectorial - sobretodo en el caso del transporte 
public0 urbano de pasajeros - dicen respecto al hecho 
de que 10s diferenciales de experiencia em reglamen- 
tacion y planeamiento de las infra-estructuras 
(saneamiento, energia, telecomunicaciones, gas, trans- 
porte) son muy grandes, cada uno de estos servicios 
contando con una experiencia propia. Segirn ese racio- 
cinio, seria eventualmente prematuro colocarlos todos, 
en un mismo organismo, cuando las propias reglas de 
reglamentacion de cada uno de ellos no esta todavia 
bien definida. Los limites resultan de la mayor po- 
sibilidad de estos organismos sectoriales vinieran a ser 
capturados por 10s intereses especificos de cada uno 
de 10s actores envueltos. 

Evidentemente, se puede levantar, por otro lado, el 
argument0 que la agencia multisectorial atenderia mas 
adecuadamente a un enfoque inter-disciplinar e inte- 
grado de la ciudad y de sus servicios. Per0 si defen- 
demos la idea de prioritariamente trabajar y perfec- 
cionar 10s organismos existentes, la experiencia 
brasileiia es rica en ensinamientos de posibilidades de 
practicas inter-sectoriales mismo en el contexto de 10s 
organismos gestores sectoriales. 

Citese la Region Metropolitana de Recife, donde el 
CONDERM - Consejo de Desarrollo de la Region 
Metropolitana de Recife - posue Camaras sectoriales 
de transporte, de saneamiento, de energia, etc. Refor- 
zar estos instrumentos de cooperacion inter-sectorial y 
10s consorcios inter-municipales constituyen hoy una 
necesidad, sobretodo en el campo de la formacion de 
recursos humanos, con vistas a poner en practica la 
legislacion en vigor, tanto en relacion a 10s procesos 
licitatorios corn vista a la introduccion de la competi- 
cion en 10s mercados urbanos / metropolitanos de 
transportes, cuanto en relacion a la cobranza de las 
clausulas contractuales. 

Portanto, se debe quedar alerta para 10s riesgos de una 
ruptura institucional radical, donde se pueda perder 

una preciosa experiencia acumulada. Asi siendo, la 
multisectorialidad de la gerencia reguladora tendria 
que ser construida paso a paso. Claro, hay que resaltar 
que estados y municipios existen, donde hasta hoy no 
se creo la devida experiencia en el transporte o en 
cualquier otro sector. Para estos, esa advertencia no 
vale tanto, y esas unidades bien podrian construir (del 
nada) agencias multisectoriales y edificar, a partir de 
ai, su experiencia reguladora, que desde la cuna seria 
multi sectorial. 

3. I Reforma regulatoria con introducion de com- 
petition: una necesidad local 

Por otro lado, se debe adoptar una cierta flexibilidad - 
buscando siempre llevar en cuenta las experiencias 
historicas de cada ciudad - urge que se ponga en prac- 
tica por 10s organos gestores la necesaria reforma 
reguladora con vista a compatibilizar la situacion de 
las concesiones y permisiones de servicios publicos de 
transporte, despues de la promulgacion de la nueva 
legislacion sobre licitacion, contratos administrativos 
y concesiones de servicios publicos (Leyes no 
8.666/93, 8.987/95 e 9.074/95; cf. Aragiio, 1998). 

La realizacion de Iicitaciones para 10s servicios publi- 
cos de transporte urbano de pasajeros es una exigencia 
de la Ley y debera propiciar la necesaria abertura del 
mercado a la competicion, pues la filosofia de 10s 
reglamentos actuales seiializa claramente en la direc- 
cion de mercados cerrados, que se omiten de riesgo y 
de competicion fiente a potenciales concurrentes y no 
contienen elementos que posibiliten 10s operadores a 
esfberzos para la obtencion de reduccion de costos, de 
busca de cualidad o de ganancia de productivi- 
dade(0rrico Filho, Brasileiro & Sa Fortes, 1998). 

Para proceder a tan importante reforma reguladora, el 
Poder Concedente, atraves del Gobernador o Alcalde, 
debe dar a 10s organos gestores un conjunto de condi- 
ciones ligadas a aquellas ya discutidas en este trabajo 
(ver arriba), relativas a la independencia y transparen- 
cia de sus actividades fiente a1 poder concedente y a 
10s operadores. Esto significa el fortalecimiento de la 
capacitacion del staff tecnico, la contratacion de pro- 
fesionales atraves de concursos publicos, la existencia 
de recursos financieros propios que garantizen el ejer- 
cicio de sus atribuciones de servicio pbblico. 

Ademas, la eleccion de la direccion de 10s organos 
gestores - presidente, directoria tecnica e adminis- 
trativa - se debe basar en criterios tecnicos y con to- 
tal transparencia. h i ,  la eleccion se puede basar, por 
ejemplo, en listas de candidatos previamente inscritos. 
Sus curriculos serian analizados por un organismo es- 
pecializado, siendo de ai selecionada una lista triple a 
ser sometida a1 Gobernador o Alcalde. Esta metodolo- 
gia ya viene siendo seguida, por ejemplo, por diversas 
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fundaciones de amparo a la pesquisa en diversos esta- 
dos del pais. Se podria pensar tambien, en la reali- 
zacion de concursos publicos para la ocupacion de 
determinados cargos tecnicos de direccion en 10s or- 
ganos gestores. La idea, aqui, es que una vez tomadas 
las decisiones politicas - claro, envolviendo directa- 
mente 10s politicos - atraves de m a r a s  metropoli- 
tanas, de consejos de administracion, etc., 10s organos 
gestores tengan Ia necesaria capacidad t h i c a  y per- 
mantncia para ponerlas en practica. 

4. EN COKCLUSION, DE UNA REGULACION DE 
ESPECIALISlAS PARA Uh’A REGULACION 
DE ACTORES 

De las experiencias internacionales y brasileiias acerca 
de la creacion de agencias reguladoras, tres aspectos 
merecen ser resaltados. 

Primero, el hecho de que la creacion de uma agencia 
reguladora no se dn por a-, viniendo acompaiiada 
de una reforma reguladora y de la introduccion de 
competicion en 10s mercados. Ella solo tiene sentido 
de existir si &era para asegurar que las clausulas con- 
tractuales con 10s operadores privados sean cumplidas, 
sobretodo resguardando la cualidad de 10s servicios y 
10s derechos de 10s usuarios. Asi, antes de su creacion 
es importante que el poder concedente ya haya elabo- 
rado el diseRo regulador que asumira la infra- 
estrutura. De la misma forma, no es correcta la puesta 
en practica de politicas de privatizacion, sin que el 
Estado, atraves de 10s poderes concedentes y de las 
agencias, este devidamente equipada, en materia de 
capacitacion tecnica, juridica y financiera. 

Segundo, es necesario que quede clara la relacion en- 
tre el Poder Concedente y 18 Agencia Reguladora. El- 
las no se confunden. AI Poder Concedente - Union, 
Estados y Municipios - compete la definicion de las 
directrizes de politicas, la decision de realizacion de 
licitaciones y de la tilosofia general de 10s contratos, 
ademas de las atribuciones de planeamiento de las re- 
des de transportes, de capacitacion de personal. A Ia 
Agencia cabe garantizar 10s terminos del contrato con 
10s operadores privados, garantizando que 10s servi- 
cios sean prestados de forma eficaz y eficiente a Ia 
poblacibn. 

En Ia verdad, la agencia representa una nueva forma 
de gerenciar infia-estructuras, diferente de aquellas a 
las que se habia acostumbrado con OS organos ges- 
tores. Asi siendo, esa diferencia debe estar bien clara, 
y la administracion publica (y 10s contratos) tienen 
que adaptarse y equipar debidamente para la nueva 
filosofia de gestion. Aunque no se pueda negar de an- 
temano la construccion de agencias reguladoras para 
el transpone, pues esas penenecen a1 context0 de la 
hoiorii:a dei Esiado anteriorniente expueaa, SLI 

creacion debe respetar las realidades loca!es surgiendo 
cnmc rez?:!t& dc U!, nn?plin ‘.i rcpresentativo debate 
de la sociedad. 

Lo que no significa que no se deban perfeccinar 10s 
organismos existentes, tanto a nivel local cuanto na- 
cional. Esto significa, a nivel local, reforzar su ca- 
pacitacio tknica, material y financiera, creando con- 
A:”:,.”-” p“’. cl o:nr”’”: 1,1 -L.D de u13 cnordinacion 
metropolitana, realizando las licitaciones necesarias a 
la rdcquacili!: de la es!rcc!ura juridica ?.iSen!e. Se 
hace necesario, todavia, realizar concursos publicos 
para !lenar sus cargos, perfeccionando Ia seleccion de 
sus dirigentes, de modo a que estos organis-os s%n 
!s :xs i!!”_peodiectes pcsib!es de i!:tc.‘ere!:ciss 
politicas y de mudanzas conjunturales. 

En tercer lugar, se coloca la pregunta - talvez la mas 
importmtc - ds la democracia. A este respecto, Bauby 
(1998) llama la atencion para la imponancia de 
pasaise de u n i  regiilari6n de experts (de eipeclalir- 
tas) para una regulacion de actores. 0 sea, la regula- 

I^’ - c ~ J ; ,  i3~1;;; d .;o cquilibrio entre mecanis- 
mos de mereado e intervencion publica, expresand?:c 
en el interior de esta aniculacion, de maneira con- 
flictual, 10s intereses de Ia sociedad. 

Asi, si es verdad que la regulacion tiene una dimen- 
sion tecnica, - y aqui se llamo la atencion para la im- 
portancia de esta dimension - ella no es propiedad de 
una tecnocracia poseedora de 18 verdad; al contraiio, 
YIIS f!rcisiones son politicas en esencia, en el sentido 
de que deben orientarse para las atribuciones de servi- 
cio piiblico, para el buen atendimiento de 10s ciuda- 
danos, usuarios de esta infra-estructura tkcnica y s o  
cial. 

. .  
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ABSTRACT: This paper aims to discuss two issues that have inflicted some inefficiency in Latin American 
urban public transport regulation: firstly, the lack of co-ordination between the authorities competent for dif- 
ferent governmental resorts that are relevant for transportation administration (i.e. administration of infra- 
structure, traffic and urban development); secondly, the lack of any competitive stress that could lead the in- 
cumbent firms the struggle for more productive efficiency. These two aspects are analysed in two case stud- 
ies, namely those of Recife Metropolitan Area (in North-eastern of Brazil), and of San Jose (Capital City of 
Costa Rica). 

&S&: Dans cet article on presente une discussion sur deux facteurs qui ont entraines de problemes 
d’inefficacite reglementaire aux transports publics urbains de 1’Amerique Latine: le manque de coordination 
entre les autorites responsables et le manque des elements de concurrence entre les entreprises ce qui pourrait 
les mener vers une efficacite plus productive. Ces deux aspects sont analyses dans deux etudes de cas, a sa- 
voir ceux-la de 1’Agglomeration urbaine de Recife (dans du Nordest du Bresil), et de I’Agglomeration urbaine 
de San Jose (capitale de Costa Rica). 

RESUMEN: El objetivo de este trabajo es discutir dos caracteristicas que han provocado problemas de inefi- 
ciencia en la reglamentacion del transporte publico urbano en America Latina: deficiencia en la coordinacion 
entre autoridades gubernamentales y falta de incentivos a la competitividad entre empresas operadoras para 
promover la busqueda de una mayor eficiencia productiva. Estos aspectos son analizados en 10s casos de las 
regiones metropolitanas de Recife (en el noreste del Brasil) y de San Jose (capital de Costa Rica). 

1 INTRODUCTION 

In Latin America, public transport services are usu- 
ally regulated by the legal public concept of public 
service, inspired by French Administrative Law. 
Nevertheless, some countries have pursued a radical 
deregulation policy; in others, the governmental or- 
ganisational capacity has not been able to enforce 
the regulatory order, and thus the sector has become 
actually deregulated, despite of the existing regula- 
tion. 

Brazil and Costa Rica are known as countries that 
have been so far able to keep a regulated system, 
where public transport authorities have broad plan- 
ning competencies (although in some Brazilian cit- 
ies, these authorities are being increasingly chal- 
lenged by illegal operators; on the other side, 

regulations and regulators are almost hlly captured 
by the established, i.e. regular bus operators). 

The present contribution aims to discuss two is- 
sues that have inflicted some inefficiency in Latin 
American urban public transport regulation: firstly, 
the lack of co-ordination between the authorities 
competent for different governmental resorts that 
are relevant for transportation administration (i.e. 
administration of infra-structure, traffic and urban 
development); secondly, the lack of any competitive 
stress that could lead the incumbent firms the strug- 
gle for more productive efficiency. 

With respect to the first topic, the problems due 
to the lack of co-ordination are particularly severe in 
Metropolitan Areas, as they include also the general 
lack of co-ordination between the different munici- 
palities. However, some cities have experienced 
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some co-ordination efforts by building up Metro- 
politan Councils or Authorities (general or sector 
specific ones). In other cases, regional or central 
Governments take over directly the co-ordination 
task. 

The other issue is the lack of competitiveness. 
Although some regulations foresee a formal and 
rigorous selection procedure of the operators to be 
contracted by the authorities, these rules are rarely 
applied and the operation remains in the hand of 
long established groups that are not challenged 
enough to produce more effectively and to transfer 
productivity gains to general society. 

These two main thesis are analysed in two case 
studies, namely those of Recife Metropolitan Area 
(in North-eastern of Brazil), and of San Jose Metro- 
politan Area (the Region of the Capital City of Costa 
Rica). 

2. THE CASE OF THE METROPOLITAN AREA 
OF RECIFE 

2.1 The Metropolitan Area of Rectfe: an Outlirie 

In 1991, in the year of the last census, the Metro- 
politan Area of Recife (MAR) counted a population 
of over 2,s million souls, which was distributed 
among 12 municipalities over an area of 2,201 
square kilometres. The Core City Recife itself had a 
population of 1,3 million inhabitants and an area of 
209 square kilometres. 

Recife has suffered during the last decades a phe- 
nomenon most common in other cities of Latin 
America: a shiR of the population towards the pe- 
riphery and a rapid motorization (COPPETEC 
1996). 

Between 1980 and 1991, all satellite towns of the 
MAR had a larger mean annual growth rate than the 
core city (whose per annum rate was O,66%, com- 
pared to 1,81 of the whole MAR). In 1991, the 
population of the core city accounted for 45,2% of 
the population of the MAR, whereas in 1970 and 
1980, it had been 57,8% and 50,4%, respectively. 
And as it is also common in other Latin-American 
cities, the periphery is the typical habitat of the 
lesser income groups, which have to content them- 
selves with areas where the infrastructures are rela- 
tively poor. 

2.2 The Public Transport System in the MAR 
The regular transit system of the MAR is com- 
pounded by bus and rail systems, whereas the bus 
absorbed in 1996 92,7% of the total transit patron- 
age, leaving for the rail system resting 7,3%. The 

mean daily amount of passengers in a workday was 
in the same year 1,7 million. 

In this same year (to which all other data will refer 
here, if not announced otherwise), the bus fleet had 
2.271 vehicles and supplied a total of 20.339 sched- 
ules in a workday along 359 lines; the average age 
of the vehicles was 3,66 years. 

If we concentrate on the bus system, its service 
could be evaluated as fair to good, as the fleet is 
relatively new, and 99,65% of the planned trips had 
been fulfilled as planned. 

Nevertheless, this system is being increasingly 
challenged by informal operators, which compete 
with their vans, offering a relatively direct, flexible 
and quicker service; as the busses do not have at 
their disposal exclusive lanes and busways as e.g. in 
Curitiba, they get stuck in the same congestion as 
individual transport (and the vans) but have to attend 
in addition a large number of stops. In several satel- 
lite municipalities of the MAR, the informal trans- 
port has supplanted the formal system (COPPETEC 
1996). 

2.3 The Institutioiial Structure of the Transit Ad- 
niinistration in the MAR 

In Brazil, administrative competencies regarding 
to public transport are clearly defined and subdi- 
vided. Whereas the Union is in charge of the intes- 
tate transport, the state itself rules over the intermu- 
nicipal services, leaving for the municipalities the 
(intra) municipal ones. Of course, this apparently 
straightforward structure poses problems in metro- 
politan areas, as different municipal administrations 
are involved in the supply of the services, which 
should be treated as a common and integrated sys- 
tem. 

For this purpose and also for the co-ordination 
of the different other services of common interest 
(e.g., sewage, power, etc.), the military regime 
which ruled Brazil between 1964 and 1985 had de- 
termined that the nine larger cities of the country 
should build up so-called Metropolitan Regions 
(RM’s), and Recife was included in this list. These 
RM’s would be ruled by special councils (one delib- 
erative, the other consultive), headed by the respec- 
tive State Government, but with participation of the 
mayors 

With particular respect to public transport, the re- 
gime had tried to build up metropolitan transit 
authorities (Empresas Metropolitanas de fiaiisporte 
Urbano - LA4TU), whereby the municipalities, 
which were constitutionally in charge of the service, 
would pass their authority by means of a convention 
to the State Government. As at this time the State 
Governor nominated the mayors of the state capital 
cities, this would be done without any resistance; the 
problems lied with the satellite municipalities. 

61 0 



Actually, this uniform model, imposed by central 
order, has had weak success, and many metropolitan 
authorities that have been built up have been dis- 
mantled once the regime was over. 

Recife’s EMTU, however, has been able to sur- 
vive, maintaining the metropolitan rule over the in- 
termunicipal bus service within the MAR (whereas 
the services to and between the municipalities out- 
side the MAR are in charge of the State Road Ad- 
ministration - DER), as well the municipal service 
of the City of Recife. The satellite cities have so far 
rehsed to join their municipal services to the EMTU 
scheme. Also the rail system (run by the federal en- 
terprise CBTU) and the taxi, school bus and con- 
tracted transport services remained outside the scope 
of EMTU’s duties. The City of Recife had until re- 
cently an own bus company (CTU), which was also 
supervised by EMTU; but it has been privatised in 
1999. All the other municipalities administrate their 
own internal bus system; some of them have at least 
celebrated conventions for operational and technical 
co-operation with EMTU. 

Thus, created by the State Law no. 8.043 of the 
year 1979, the EMTU/Recife has gained broad com- 
petencies regarding to the metropolitan bus transit, 
to its bus terminals and even to planning of the street 
and road infrastructure that would be in interest of 
the transit service. 

Presently, EMTU/Recife is subordinated to the 
State Secretary for Infrastructure, but its fimctions 
are also supervised by the Metropolitan Council for 
Urban Transportation (CMTU), which is headed by 
the Secretary of Infrastructure and composed by the 
State Secretary for Planning, the Head of the EMTU, 
by the mayors of the MAR, by representatives of the 
CBTU, representatives of the State and of the Mu- 
nicipal Legislative of the City of Recife and of two 
other satellite municipalities, hrther by representa- 
tives of the syndicate of the bus operators, the union 
of the road transportation workers, of the State syn- 
dicate of the industry (FIEPE) and of the commu- 
nity. 

The description of the institutional structure with 
respect to transportation in the MAR would be in- 
complete without mentioning the Development 
Foundation for the Metropolitan Region of Recife 
(FIDEM), which is in charge of the overall planning 
actions for the MAR, especially of those which are 
in the scope of “the common interests” of all the 
metropolitan municipalities . As transportation infra- 
structure has been defined to be within this scope, 
this Foundation has also a say in the metropolitan 
transportation policy, particularly in the policy for 
public transportation; on its turn, FIDEM is super- 
vised by the Metropolitan Council (CONDERM), 
which is composed by all the mayors of the MAR 
and by several State Secretaries. CONDERM on its 

turn has an own Technical Chamber for Transporta- 
tion. 

All in all, we can therefore observe a very com- 
plex administrative structure regarding to the com- 
petencies in the public transportation sector within 
the MAR, although Recife have had the luck to pre- 
serve the metropolitan administration at least in the 
main part of the public transportation service. 

Nevertheless, to build up clear administrative 
structures is one thing. Quite another story is the 
daily struggle of the authorities to gain technical and 
political capacity to run properly their business and 
to control effectively the services run by (now en- 
tirely) private operators. This is the topic of the next 
section. 

2.4. Public Tramport Regulation: a Law Against 

The bus service under control of EMTU is ruled 
by the State Decree no. 14.846 of the year 1991 and 
several other detailed resolutions. In general, as in 
all other cities of Brazil, public line transport is re- 
garded as a public service, which shall be executed 
directly by government or be delegated by means of 
a concession or permission, preceded by a tendering 
process (Article 30 of the Federal Constitution). So 
the respective authorities remain with the full plan- 
ning fhctions and the competence to determine the 
fare prices. 

But actually very few cities have executed ten- 
dering procedures; moreover, they have continu- 
ously renewed the permissions (which is now for- 
bidden by the national legislation), without even 
imposing any conditions e.g. the attainment of pro- 
ductivity and/or quality indicators for this. The result 
is that the industry in the different cities sector has 
been progressively captured by incumbent firms, 
which have undergone a historical concentration 
process, but have little incentive to improve their 
productivity levels (Brasileiro et al. 1999). In 1995, 
a new legislation on public procurement was issued, 
imposing the execution of tendering procedures for 
every administrative and concession contract (Laws 
no. 8.987 and 9.074); notwithstanding, very few cit- 
ies have executed them, as the operators have been 
so far successfbl in impeding this by different 
means (AragZo & Brasileiro 1999). 

In the case of Recife, the metropolitan regulation 
has imposed productivity benchmarkings for the re- 
newal of the permissions (and even for the length of 
the renewal). This is an important progress in rela- 
tion to other cities, where even these conditions are 
absent; but still, it goes against the national regula- 
tion, as the contracts have so far not been awarded 
by proper tendering procedures. These are foreseen 
by the metropolitan regulation only for the case 

Competition? 
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when a contract is not renewed or suspended by fail- 
ure of the operator. Equally, the metropolitan regu- 
lation foresees permanent renewal of the permis- 
sions, if the operators comply with the minimal 
benchmarkings; but this runs also against the na- 
tional legislation, as contracts with undetermined pe- 
riod are not admitted by this. 

The metropolitan regulation has also introduced 
the concept of "service" or "influence areas", which 
are awarded to the different operators and create lo- 
cal exclusivity rights for the respective incumbent 
firm (Article 26). Only the centre of the City of Re- 
cife is excepted from exclusivity rights for any firm. 
The regulation admits also that the firms can inter- 
change between themselves the line services, 
avoiding thus the execution of a tendering proce- 
dure, if any company desires to quit a particular line. 

With respect to fare prices, these are determined 
by CMTU, on the base of a cost table (cost-plus 
system), which is detailed by a proper "Operations' 
Handbook". There is also a cross-subsidy system 
between the different lines and even between the dif- 
ferent firms. The respective regulation determines 
that the reward of each firm shall be based upon the 
operational costs but also upon productivity indica- 
tors, which is an unique incentive system compared 
to other Brazilian cities. 

3 .  THE CASE OF THE METROPOLITAN AREA 
OF S A N  JOSE 

3. I The Metropolitan Area of San Josi: an outline 

The Metropolitan Area of San Jose (MASJ) lies 
within the Province of San Jose, one of the seven 
provinces into which Costa Rica is subdivided. Pres- 
ently, this area has a population of about 1.1 million 
and is compounded by 11 cantons (which are 
equivalent to municipalities) spread over an area of 
365 square kilometres. The core municipality (San 
Jose Central Canton) itself has a population of more 
than 300,000 inhabitants and an area of 45 square 
kilometres. 

The population of the MASJ makes out 30% of 
the total national population and is concentrated in 
an area smaller than 1% of the national territory; the 
resulting demographic density is therefore over 3000 
inhabitants per square kilometre. On its turn, the 
core municipality shows a density of 9500 inhabi- 
tants per square kilometre and is the residence of 
30% of the population of the MASJ. 

The mean annual growth rate of the population 
has been of 2.3% during the seventies and eighties 
(INICEM, 1995), but in the recent years, there have 

been strong distortions because of the immigration 
from the neighbour countries. Thus the usual struc- 
ture where people with lesser income live in the pe- 
ripheries, which have poorer infrastructures, can also 
be found in the MASJ; but these classes have been 
concentrating themselves in those very areas where 
the authorities responsible for social housing have 
developed in the past major projects, as it is the case 
of the Alajuelita-Hatillo and Pavas communities; 
thereby, the immigration wave has turned the prob- 
lems more acute. 

3.2 The Public Transport System in the M S J  
Presently, the public transport system of the MASJ 
is made up of bus lines and, at a lesser degree, of 
minibus (between 26 and 44 seats) and "microbus" 
(between 9 and 25 seats) services; all of them are 
operated by private companies owning concessions 
or permissions. In the year of 1996, according in- 
formation from the Direction for Technical Studies 
of the Ministry for Public Works and Transportation 
(MOPT), the total bus fleet counted 1038 vehicles, 
which offered a total of 226,339 of schedules per 
month and transported a monthly total of 16.65 mil- 
lions of passengers along 130 lines. The fleet of 
minibuses and "microbuses" counted on their turn 
187 vehicles, which transported per month a total of 
1.89 million passengers in 49,443 schedules along 
30 lines. 

Presently, 75% of the motorised trips during the 
peak hours are executed by public transport, 25% by 
individual transport, and 5% by taxicab services. 
The total daily amount of trips sums up to 1.2 mil- 
lion. Accordingly to the national vehicle licensing 
data, the national bus fleet (including the minibuses 
and "microbuses") has shown a geometrical growth 
rate of 8.59% in the years between 1987 and 1996; 
this mean that this very fleet has doubled within nine 
years. 

The informal services by "microbuses" and vans 
have been growing strongly during the last years, 
and this by the same reasons as those appointed in 
the case of Recife, but without supplanting the for- 
mal system in any community. This kind of service 
has rather been flourishing in such a type of com- 
munities like Pavas, which has been mentioned be- 
fore. Another kind of service which has developed 
itself very quickly is the informal taxicab running 
along pre-defined lines and competing with some 
formal transit lines, but doing this with vehicles in 
very poor conditions. 

3.3 The Institutional Structure of the Transit Ad- 
ministration in the MASJ 

On the ground of historical, political and geographi- 
cal reasons, the governmental actions concerning in- 
frastructures and transportation services (including 
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public transport) are defined by the Ministry for 
Public Works and Transportation (MOPT), which 
was created by the Law no. 4786 of the 5"' July 
1971. 

Public transport itself is ruled by the following 
statutory framework: 

Law no. 3503, called Regulation for Re- 
warded Passenger Transport by Automotive 
Vehicles, promulgated on the 10" May 1965; 
Law no. 5406, called Regulation for Re- 
warded Passenger Transport by Taxicab Ve- 
hicles, promulgated on the 3 1' October 1973; 
Law no. 6324 (Transport System and Road 
Safety Administration Law), promulgated on 
the 24'' May 1979; 
Traffic Law (no. 5930) of the 13" December 
1976 but reformed by the Law no. 6249 of 
the ZAd May 1978, by the Law no. 6529 of the 
18'' May 1978 and by the Law no. 7331 of 
the 30~'  March 1993. 

The Law no. 3503, which concerns the rewarded 
passenger transportation, establishes that this kind of 
service is a public service to be regulated, controlled 
and overseen by the MOPT. But it is also defines 
that the execution of this service may be delegated 
by the Ministry to private operators, strictly accord- 
ing to the rules established by this same Law. 

Moreover, it regulates the different aspects related to 
the rewarded passenger transportation by bus, mini- 
bus, "microbus" or by all other modality supplied on 
ways, streets and highways within the national ter- 
ritory or outside of it, provided that at least one ter- 
minal point lies within the national territory. 

The Transport System and Road Safety Admini- 
stration Law (no. 6324) has on its turn created the 
Road Safety Council and redefined the competencies 
of the Technical Commission for Transportation 
(CTT), which had been created by the formerly 
mentioned Law. Some of the most central compe- 
tencies of this Commission are to award the permis- 
sions, to extend their validity periods, to suspend, to 
modify or even to revoke them; and also to deter- 
mine and to adapt the fare prices. 

The Provinces themselves have no competencies 
regarding to the public transport service, and the 
municipalities at most build up Transportation 
Commissions, which contact the officers of the 
Ministry, when traffic signs and some the itineraries 
of lines within the respective municipalities are con- 
cerned; in some cases, they reach over pledges by 
local associations with respect to the creation of new 
lines or to the modification of the existing ones. 

The Municipality of San Jose, by contrast, has 
some co-ordination hnctions in co-operation with 
the MOPT and other institutions, all within the 
statutory rules. Recently, as direct election of the 
mayors has been introduced, the main municipalities 
have gained some space for action within the MOPT 
structure, as for example to have a stronger presence 

at Commissions like the CODEGAM, where differ- 
ent institutions are represented and define together 
with the MOPT the directives for the transportation 
policy in the so-called Great Metropolitan Area 
(GAM), which includes parts of other provinces 
which are neighbour to that of San Jose. Before that, 
some measures had already devolved some powers 
to the municipalities, as it is the case of the Law no. 
3580 of the 13"' November 1965, which empowered 
the municipalities to collect parking fees on the 
streets. 

The CTT Commission is directly subordinated to 
the MOPT; but the Regulator Authority for Public 
Services (ARESEP), which was created by the Law 
no. 7593 of the 5fi September 1996, has gained the 
competence to approve the fare policy proposed by 
the CTT. 

3 4 Regiilafion and competition in the ph l i c  tram- 

As mentioned before, in Costa Rica public trans- 
portation is defined by Law as a public service, 
which is regulated, controlled and overseen by the 
MOPT, whereby the direct execution of the services 
may be within the competence of a public operator 
or be delegated to a private one. The planning hnc- 
tions and the competence to determine the fare pol- 
icy remain with the authorities. 

Beyond the mentioned Laws there is a lot of com- 
plementary decrees which confirm the legal frame- 
work But it would be relevant to point out the ab- 
sence of more specific regulations for these Laws, 
thus many procedural aspects remain unclear. 

By the rule of Law, the delegation of the services 
is to be awarded by a formal tendering procedure 
(Chapter IV of the Law no 3503, and Chapter XI1 of 
the Law no. 7593); hereby, the duration of the con- 
cession is seven years, but it can be renewed 

The Law admits also the permission without ten- 
dering procedure, which is regarded as precarious 
and should be theoretically used only in extreme 
case of necessity, while the proper tendering proce- 
dure is under preparation. But historically, this legal 
duty has been hardly observed as a result of direct 
political pressures by the private operators or of lack 
of political definition by the MOPT itself This fact 
has led to a multiplication of the permissions and to 
the systematic renewal of the concessions, without 
establishing clear eficiency and quality targets 
(Contreras 1998). 

Exceptionally, between 1991 and 1993, a great 
lot of lines in the MASJ that were operating on the 
grounds of permissions has been submitted to ten- 
dering procedures; but again, the mentioned targets 
have not been established. 

The fare prices are determined line by line by the 
CTT, whose proposals are then submitted to the 
Regulator Authority ARESEP (Law no. 7593); the 

port industry of the M S J .  
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respective calculations are based upon a cost table 
which considers the service production costs and a 
fixed surplus rate (cost-plus approach). 

By mistake, this method has been called 
"econometric model"; but actually, this model shows 
little concern for assuring that the services are exe- 
cuted in an eficient manner. 

In 1997, ARESEP has contracted a private con- 
sulting company in order to develop a fare model, 
which takes in account quality criteria. 

4. FINAL CONSIDERATIONS 

All in all, we could resume the assessment of the 
regulatory regime in the bus industry of the MAR 
and MASJ by saying that it introduces a closed shop 
into the industry, bypassing and even going against 
the national legislation, as tendering procedures are 
not executed and permissions, or concessions, un- 
duly renewed. 

In the case of the MASJ, the fact that the majority 
of the concessions arrive at its end in the year 2000, 
is an important opportunity to obtain a more pro- 
ductive and efficient system through a competitive 
tendering process, with rules and time limit techni- 
cally reasoned under concepts of competitiveness 
and quality. 

Although ruled by the principle of public service, 
which does not exclude the search for efficiency and 
even for competition, the transit market in both areas 
is thus not competitive, and the effect of this is that 
productivity efforts are weak; eventual productivity 
gains by one or other more modern firm are anyway 
not transferred to society by means of lower fare 
prices. 

In the long run, this kind of industry risks to suf- 
fer a deep political and economical demoralisation, 
and the growth of the informal sector is a clear sign 
that the society will not be forever indulgent with 
this captured industry. 
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Public sector - private sector partnership - The immediate solution to problems 
of urban transport 
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Pradeep Singh Kharola & Bipin Gopalakrishna 
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ABSTRACT: In India, urban transport has been the monopoly of Government companies. Caught between 
providing low-fare transportation to the urban poor of Indian cities and being a model employer giving high 
wages with job security to employees, government companies are struggling to break even. A partnership is 
now being sought with the private sector to remedy the situation. Private enterprise with increased 
managerial efficiency and reduced costs combined with public sector values will provide an immediate 
solution to the problems of Urban Transport. Bangalore Metropolitan Transport Corporation (BMTC) began 
a scheme of hiring private buses that has been working extremely well. This paper analyses the working of 
the private operator scheme and presents a detailed economic and financial review, and concludes that this 
could well mark the beginning of a long and fruitful partnership between the public and private sectors in 
Urban Transport. 

RESUME. En Inde le transport urbain a le monopole des societes contr6lees par 1'Etat. Ces societes jouent le 
double r6le de fournir un tarif reduit a un public economiquement faible du secteur urbain des villes 
indiennes et de devenir un employeur modeie qui assure un salaire eleve avec la securite de l'emploi Elles 
ont ainsi la difficulte de maintenir le point de rentabilite. Une tentative d'associer avec le secteur prive est en 
cours de se mettre en place afin de trouver une solution a cette situation. Une entreprise privee avec une 
efficacite de gestion accrue et des tarifs reduits conjugues aux valeurs du secteur public fournira une solution 
immediate aux problemes du Transport Urbain. Rangalore Metropolifan Transporf Corporation (BMTC) a 
commence un systeme de location des autobus prives qui marche tres bien. Cet abrege procede a une analyse 
du fonctionnement d'un projet d'operation privee et presente un bilan financier et economique detaille et 
infere que cette tentative pourrait debuter a une association a long terme rentable entre le secteur public et le 
secteur prive en ce qui concerne ie Transport Urbain. 

RESUMEN: En la India, las companias de Gobierno han sido el monopolio del transporte Urbano. 
Sorprendida entre la Condicion de un transporte barato para 10s urbanos pobres de las ciudades de la India y 
ser un ejemplo de patron dando un alto salario con trabajo seguro para 10s empleados, las companias del 
Gobierno luchan para cubrir gastos. Para dar solucion a1 problema se ha asociado con el sector privado 
Empresas privadas con una gran capacidad de administracion y reduciendo 10s costos daran una solucion 
inmediata a1 Trasporte Urbano. La Coperativa de Trasporte Metropolitana de Bangalore (BMTC) ha 
comenzado un projecto alquilando autobuses privados qua han estado operand0 muy bien. Esto analiza que 
el projecto de 10s autobuses privados presenta un resumes economico y financial, y que puede ser el 
comienzo de una larga y fructifera asociacion entre el transporte publico y privado en el sector del 
Transporte Urbano. 

1 BACKGROUND of developing countries. The public transport 
system of India is no exception. The bus-based 

Public transport has been facing many challenges in transport systems here, have been criticized, on the 
different parts of the world, especially in the cities one hand, for not creating adequate capacity and not 
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providing quality services to the commuters and on 
the other, for costing too much to the taxpayer. 

The public transport sector in India was totally 
regulated until the end of the 70s. Services were 
operated either by government companies or by 
private individuals who were given permits by a 
regulatory agency. From the early 80s, the entry of 
private capital into the transport sector was 
encouraged largely because government was unable 
to cater to the increasing demands of a burgeoning 
population. In the large metropolitan cities of India, 
however, government owned bus companies 
continued to enjoy a monopoly. Fares were 
deliberately kept low for the millions of low-income 
passengers. The low fare structure coupled with 
high government salaries that employees were paid 
led to a very uneconomic and inefficient public 
transport system. As a result, people began to fend 
for themselves. Private vehicle ownership increased 
exponentially over the years leading to traffic 
congestion and increased levels of pcllution. This in 
turn adversely affected the already fragile finances 
of the bus companies as commercial speeds and 
utilization of buses reduced considerably. 

Confronted with these problems, many 
Governments have taken decisions to change the 
general organisation of public transport. Most 
important of these restructuring decisions have 
focussed around “De-regulation and Privatisation”. 

In a government dominated system de- 
regulation means privatisation. Privatisation can be 
brought into the system in many forms. At one 
extreme are laissez faire operations where public 
authorities have little or no control and market 
forces determine the fares and services. This system 
exists in several medium sized Indian cities where 
smaller vehicles like minibuses, with carrying 
capacities of 15, and three wheel tempos with 
carrying capacities of three passengers, are used to 
supplement the grossly inadequate government 
owned public Transport. Commuters are generally 
at the mercy of these unscrupulous operators and 
pay whatever is demanded. Dependence on such a 
system leads to chaotic conditions with passenger 
needs, comfort and safety taking a beating. 

Another widely accepted form that privatization 
can take is competitive bidding. Today, most cities 
of the developed world have taken recourse to it. In 
this system, the public authority purchases transport 
services from the competitive market, awarding 

contracts to the most economical, responsible and 
responsive bidder. Buses are therefore owned and 
operated by private operators. The public authority, 
however, retains full control over policy, routes, 
schedules, fares and service decisions. Competitive 
tendering results in reduction of operational costs as 
the induction of private entrepreneurship brings in 
competitiveness and efficiency. It has proved to be 
highly successful in many European and American 
cities. The introduction of a similar system in cities 
of India, however, poses certain problems. 
Competitive bidding requires cities to have reached 
a certain degree of stability so that the bidder can 
evaluate the immediate future scenario with 
reasonable certainty. In fast growing cities of 
developing countries, where growth is haphazard 
and unplanned, introduction of competitive bidding 
becomes difficult. Also, the system is successful 
only when the private buses are monitored closely 
to ensure that all the conditions imposed by the 
Authority are fulfilled. Monitoring and enforcement 
are very difficult in crowded cities of the 
developing world. 

In New Delhi, the capital city of India, the Delhi 
Transport Corporation (DTC) attempted another 
version of the privatization in 1969-70. DTC, which 
had been expanding its fleet to meet the demand by 
a wet-lease of private buses, began to hire out the 
routes instead. It allowed private operators to ply 
the routes in return for a fixed daily ‘operational 
charge’. The results were not satisfactory, as 
competition on the roads led to complaints of rash 
driving, overloading and rude behaviour. The 
scheme was wound up in 1976. Again in 1992, 
DTC introduced another model of privatisation. 
Under this scheme, private operators, who were 
given routes by draw of lots, brought in 3000 buses 
These operators charged fares prescribed by the 
DTC. On the financial front the scheme was a 
success for private operators who made profits 
while DTC buses plying on the same routes made 
losses. Although the private operator made money, 
the quality of service was bad, accident rates were 
high and the passenger dissatisfied. As the 
enforcement system was totally inadequate, few 
private operators also started to manipulate records 
resulting in excess payments. 

From the above analysis it is evident that 
privatisation alone cannot provide clear-cut 
solutions to the problems of urban transport. 
Undeniably, privatisation brings in its wake 
increased efficiency, reduced costs and higher 
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profits. All this is meaningless to a passenger if 
affordable fares, travelling comfort and safety are 
not a part of the system. A system that combines 
public sector values with private sector efficiency is 
therefore the only way out. 

Bangalore, called the Silicon Valley of India, is 
the fifth largest city in India, with a population of 5 
million. With a high growth rate, it is becoming the 
fastest growing city of Asia with the population 
expected to cross the 10 million mark by the year 
20 10 Bangalore Metropolitan Transport 
Corporation (BMTC), owning a fleet of 2200 buses, 

provides public transport services to the people of 
Bangalore The inadequacy of the fleet both 
quantitatively and qualitatively is manifested in the 
fact that there are 750,000 registered two-wheelers 
in the city. This clearly indicates that the public 
transport system has not lived upto expectations, 
and that the people have begun fending for 
themselves BMTC has been unable to cope with 
the demand because of the unviability of its 
operations due to low fares and high cost of 
operations 

It is against this background that BMTC has 
embarked on a project of inducting private capital 
to augment fleet strength and cater to the increasing 
travel needs of the people of Bangalore Although 
private operators had already entered the fray, their 
operations were illegal, substandard and 
uncontrolled. The elimination of these unscrupulous 
persons from the market was also to be achieved by 
this private capital project 

BMTC took the major step of inducting private 
capital and entrepreneurship in 1997. The first 
batch of 4 buses was run for BMTC in December- 
1997. From then on, to the end of 1998, 34 buses 
were provided for operations and another 64 by the 
end of June 1999. Today this number stands at 102 
with applications for another 400 buses being 
processed. 

From the Figure 1 it may be seen that the 
scheme began in a small way in December 1997. 
Soon it showed a smart rise resulting in 102 buses 
being hired in a little over one year. The upward 
trend will continue when the 400 pending 
applications are processed. 

2 THE SCHEME OF HIRING OF PRIVATE 
BUSES 

2.1 Salient features of the scheme of BMTC. 

Private operators can offer their buses on hire to 
BMTC for a fixed period of five years. A 

Figure 2. Components of Cost 

Figure 3. Components of Revenue 
Figure 1. Number of Buses hired 
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The minimum number of buses that an operator 
must run is ten. This has been done to ensure that 
only serious operators participate in the scheme and 
that they enjoy economies of scale. 

The private operators are paid on the basis of 
kilometers (kms) operated. The rates payable per 
km have been arrived at after a detailed cost 
analysis. The note worthy feature of the scheme is 
that the rates have been linked to various indices. 
As the indices vary, the rates are adjusted 
automatically. This precludes the possibility of 
lobbying by the private operators for frequent rate 
increases. 

BMTC ensures that a bus would be given a 
minimum of 250 kms per day. This gives 
tremendous security to the private operators. 

Figure 4. Earnings per lulometer of Private buses 

3 ECONOMIC ANALYSIS OF THE SCHEME 

To make an economic analysis of the scheme, a 
comparison has been made between the cost 
incurred and revenue earned. The CPKM (Cost Per 
kilometer per bus) includes the hire charges paid to 
the operators, cost of the conductor and Motor 
Vehicle Tax (Figure 2). Revenue comprises 
collection through sale of tickets and public passes 
(Figure 3). 
Figure 4 and Figure 5 shows the monthwise EPKM 
(Earning Per Kilometer per bus) of private buses 
hired by BMTC and the buses owned by BMTC. 

From the charts above, it may seem that the 
EPKM of private buses has declined over a period 
of time. This, however, is not true. To understand 
why EPKM appears to have declined, a study of 
vehicle utilisation (distance covered by a bus in a 
day) of these private buses is essential. 

Figure 5 .  Earnings per kilomcter of BMTC owned buses 

commitment has been given for 5 years to enable 
them to get sufficient returns on investments. The 
buses have to be brand new ones fabricated under 
the supervision of BMTC. 

The operator has to provide the bus and the 
driver. All costs of consumables and repairs have 
also to be met by him. BMTC provides the 
conductor and collects ticket revenue. The operator 
is paid to run his buses on the prescribed route 
without having to worry about ticket sales. This 
ensures that buses run properly as per a prescribed 
time schedule. 

Figure 6 shows that vehicle utilisation has gone 
up from 205 to 300 kilometers. Initially the private 
buses were run on high density, high revenue city 
routes. When the operations stabilised, they were 
shifted to long distance, sub-urban routes. This 
explains the increase in vehicle utilisation and 
consequent decrease in EPKM. From the diagram it 
is evident that the EPKM has now got stabilised 
around Rs 12.00 (US$ 0.28 or 28 US cents). 

A comparison of the (EPKM) Earnings per 
kilometer and CPKM (Cost per kilometer) of 
private buses is shown in Figure 7. 
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Figure 6. Montli-wise Average Kilometers per bus per day 

Figure 7. Eanlings per kilometer and Costs per kilometer of 
private buses 

Two conclusions can be drawn from the above 
diagram. First, the EPKM has been higher than the 
CPKM throughout. Secondly, both EPKM and 
CPKM have declined initially and then stabilised. 

This behaviour of EPKM has been explained 
before. Similarly, the CPKM also has dropped as 
the kilometers assigned to each bus per day have 
increased. The rate being paid to the private 
operator has been made a hnction of kilometers 
covered per day as is evident from Figure 8. (Fixed 
Cost per day does not increase with the increase in 
kilometers performed per day). 

Figure 8. Rates payable for different I(Ins.per day 

The rate per kilometer is linked to vehicle 
utilisation to ensure that the private operators do 
not always clamour for long routes. It is apparent 
from the above figures that BMTC is gaining 
financially from this scheme. Figure 7 clearly 
depicts the profit made by BMTC per kilometer. 
The gross profit from the day of inception until the 
end of May, 1999 works out to Rs. 1 I .8 million. 

4 COMPARISON WITH THE CPKM OF BMTC 

Although the above analysis has established that the 
hiring of private buses has proved to be profitable 
for BMTC, its real benefits can be guaged only if 
cost of these operations are compared with the cost 
of the fleet of BMTC. This is so because if buses 
run on high density routes, the EPKM would be 
high and profits will be made. On such routes even 
a BMTC owned bus would register high gains. 

Figure 9 shows that the hiring of private buses is 
extremely beneficial to Government Transport 
Companies (GTCs) financially. The CPKM of 
BMTC varies on a monthly basis because some 
payments to employees like bonus and wage arrears 
are made in some months while in the other months 
the employees get only their salaries. The CPKM is 
around Rs. 13 while it is only Rs. 10 when private 
buses are hired. There is an average clean saving of 
Rs.3 per km in costs when BMTC hires buses. 
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Figure 10. Comparison of Cancellations of Private buses with 
BMTC 

F@re 9. Comparison of Cost per Kilometer of BMTC with 
private buses 

0 Unauthorised trips may at times be made in 
the name of the GTC. 

5 ADVANTAGES 

The hiring of buses has resulted in substantial cost 
savings. There are 102 hired buses plying under 
BMTC colours generating savings of Rs.3 for every 
km that they run, vis-a-vis BMTC owned buses. 

There is no investment on garage and repair 
facilities. To run an additional 102 buses at least 
one garage would have had to be opened. The cost 
of each garage that can accommodate 100 buses is 
about Rs. 10 million. By opting for private buses 
there is a notional saving of Rs.10 million to the 
Corporation. There is also no investment on buses. 

The Corporatim is relieved of the burden of 
appointing operational staff like Drivers. 
mechanics and supervisors. 

During emergencies like strikes by workmen, at 
least some skeleton services can be provided by 
these private buses. 

6 DISADVANTAGES 

Some of the disadvantages of the scheme are as 
follows. 
0 Operators can claim money for kilometers 

not run by manipulating records in 
connivance with employees. 

0 Higher cancellations of scheduled kilometers 
will take place due to poor maintenance as 
shown in Figure 10. 

Drivers of operators are less amenable to 
control. 

0 

0 Operators prefer light long routes to high 
density routes. 

0 Operators are unable to provide spare 
vehicles in case of repairs/ breakdowns. 

7 PERCEPTION OF THE OPERATORS 

While the scheme for private operators has been an 
unqualified success from the point of view of 
BMTC, it is necessary to examine how the 
operators perceive it. Their views have been 
ascertained and are enumerated below. 

0 Entry as fleet owners is facilitated by the total 
absence of red tape. There is absolutely no need 
to appiy for permits, routes etc. 

0 The scheme is risk free as the returns on their 
investment are assured. 

0 The scheme helps in the generation of assets 
that can be liquidated after a period of 5 years. 
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@ The operators derive great satisfaction from the 
employment they in turn generate. 

0 Rates offered by BMTC are low making it 
difficult to make ends meet. Such a situation has 
arisen because of initial over-invoicing and 
additional finance being taken. This has created 
an increased outflow in terms of interest. 

0 In accident cases vehicles are detained 
needlessly for days by law enforcement 
agencies causing avoidable expenses. 

8 CONCLUSION 

The scheme of hiring private buses is definitely a 
viable option to h n d  starved Government Transport 
Companies (GTCs). By it, the fleet can be increased 
without any investment or risk, at the same time 
generating profits. The heavy burden of overheads 
that is the bane of Government Transport 
Companies can be greatly reduced now. In this age 
of liberalization, when private participation is being 
encouraged, this scheme could be an excellent way 
in which private individuals can contribute 
effectively towards improving the public transport 
sector. The transport companies on their part should 
actively assist the operators in stabilizing their 
operations. Help could be extended to the operators 
to set up garage and repair facilities. Later, they 
could be given a role in revenue collection and 
certain routes could be tendered. This could be done 
in a phased manner. 

The response from private operators has been 
encouraging. Applications for more than 500 buses, 
with an Earnest Money Deposit of Rs. 10,000 per 
bus, have been received. While many of them are 
keen to enter the hitherto closed transport sector, 
finance for the project was not readily forthcoming 
initially for a variety of reasons. With BMTC 
assuring financiers that the money earned by the 
operators would be put into their loan accounts 
making debt-servicing tamper-proof, the situation 
has improved considerably. 

The GTCs must also use modern technology to 
regulate and monitor the operations of private 
operators. As the number of operators and buses 
increase, it will critical to their finances to ensure 
that operators are correctly paid. Malpractices could 
be prevented by a Vehicle tracking and Monitoring 
System using the Global Positioning System (GPS). 
Finally, for the scheme to succeed there must be a 
harmonious relationship between the GTCs and the 

private operators. In the long run they should be 
allowed to own, operate and maintain routes with 
effective supervision. The GTCs in the larger 
interest of the travelling public should retain the key 
segment of revenue collection, at least for the time 
being. Once they get exposed to private operations 
and private operators gain experience, a gradual 
shift can be made to the competitive bidding 
system. 

Until such time, the partnership between public 
sector values and private sector efficiency, as 
implemented by BMTC, will certainly provide 
immediate solutions to the problems of Urban 
Transport in developing countries like India. 
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Measuring congestion externalities in Brazilian towns - An exploratory study 
Le mksurement des extemalitks de congestion de traffic dans les villes Brksiliennes 
- Une ktude exploratoire 
Midiendo las manifestaciones del congestionamiento en las ciudades brasilefias - Un estudio 
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I. M.O. Lima 
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Cities in developing countries are facing increasing congestion and have no simple tools to measure its 
impacts and define proper solutions. The study developed simple and reliable procedures to measure 
congestion levels and related externalities, such as excess travel time, he1 consumption and pollutant 
emissions, and the impact on the cost of bus operation (the dominant mode). Current conditions were 
measured in ten middle and large Brazilian cities. It was found that every year, in the case of severe 
congestion (road capacity at f d l  use), the ten cities waste 500 million passenger-hours and 250 million 
gasoline liters, and throw in the atmosphere 123,000 extra tons of CO and 11,000 extra tons of HC. Buses are 
severely damaged by congestion, with large cities having to place in service from 12 to 30% extra buses, with 
direct consequences on fares. The procedures may easily be used by developing countries, at low costs. 

Les pays en voie de developpement soufrent des problemes croissants par rapports aux encombrements du 
traffic, n’ayant pas les moyens pour les mesurer et pour etablir des actions correctives. L’etude dans dix 
villes du Bresil a propose des procedes simples et sGrs pour mesurer les variables suivantes: emploi du 
temps, la consommation des combustibles, 1’ emission des polluants et les effets sur les cofits des autobus. 
Dans les conditions severes d’encombrement, pour les villes etudiees il est gaspille par an, 500 millions des 
heures et 250 millions de litres de carburant. I1 est produit 123 milles tonnes de plus d’ oxyde de carbone. 
Dans les plus grandes villes, il y a un accroit de 12% a 30% d’ autobus qui sont mis en circulation a cause de 
1’ embouteillage, aussi en entrainnant des c6uts supplementaires aux usagers. Les methodes presentees 
peuvent Gtre facilement utilisees dans les pays en voie de developpement. 

Los paises en desarrollo sufren problemas crecientes de congestionamiento y no disponen de instrumentos 
adecuados para medir el problema y proponer soluciones. El estudio analizo diez ciudades brasilefias y creo 
procedimientos simples y confiables para medir las consecuencias de 10s congestionamientos, tales como el 
gasto excesivo de tiempo, el consumo de combustibles, la emision de contaminantes y el impacto sobre el 
costo de 10s omnibus. El estudio estimo que las ciudades pierden por afio, en condiciones de 
congestionamiento sever0 (a plena utilizacion de la capacidad), 500 millones de horas y 250 millones de litros 
de combustible. Son lanzadas a la atmosfera 140 mil toneladas mas de contaminantes. Las mayores ciudades 
necesitan poner en circulacion de 12 a 30% de omnibus adicionalmente, con impacto direct0 en el costo para 
10s usuarios. Los procedimientos desarrollados en el estudio pueden ser facilmente usados por 10s paises en 
desanoh ~ 

1. OBJECTIVES 

Several developing countries are facing increasing 
urban transport problems, specially those in Asia 
and Latin America. The measurement of such 
problems is an important tool to support the decision 
making process. In the case of congestion, the 
measurement of its characteristics may be very 
expensive, when sophisticated equipment such as 
electronic data collectors from computerized signal 
systems may be required. Most of the middle to 

large cities in the developing world do not have such 
tools and therefore are not able to measure 
congestion levels in a permanent way. This is also 
the case in Brazil, who is facing a continuous 
increase in its urban population and automobile 
fleet, leading to the worsening of traffic conditions 
in middle and large towns, affecting quality of life 
and efficiency in urban areas. 

The main purpose of the study was to develop 
simple and reliable procedures to measure current 
levels of congestion and estimate the level of 
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congestion-related externalities, such as excess 
travel time, fuel consumption and pollutant 
emissions, and the impact on the cost of public 
transportation by buses (the dominant mode). A 
consequent objective was to devise actions to 
improve traffic conditions. The study was contracted 
by the federal government’s institute IPEA (Instituto 
de Pesquisa Econamica Aplicada)’ and performed 
by the Brazilian National Transit Association ANTP 
(Associaqgo Nacional dos Transportes Publicos). 

To develop this study, it was necessary first to 
arrive to a useful definition of congestion for the 
average conditions of Brazilian towns, using the 
large literature on the issue and the experience of 
local engineers, and then develop specific 
relationships between speed, fkel consumption and 
pollutant emission. Considering the lack of such 
studies in the country, this specific study had to 
develop such relationships for the first time, 
implying the risks attached to any pioneering 
experience. The intent was to walk the first step in 
the analysis of transport related externalities in the 
country, opening the space for fkture developments 
of the methodology. Therefore, the study has more a 
practical intent than a scientific one (in the sense of 
searching for rigorous statistical analysis), in order 
to arrive for the first time to reliable estimates of 
average congestion conditions and its effects in the 
selected towns. Further developments of the 
methodology can and should be pursued, to get to 
more detailed results of such effects. It is important 
to say that the methodology that was developed by 
the study may help other developing countries to 
analyse their current conditions, once it is a low-cost 
methodology and easy to apply. In this respect, 
future uses of the methodology may help improve it, 
as long as new experiences are added. 

The study of transport related externalities comprise 
a large set of issues (Litman, 1996; Maddison et all, 
1996). In the case of developing countries, the most 
important are congestion and traffic accidents. The 
purpose of the study was to measure the current 
level of congestion in cities and estimate its related 
externalities. Four main effects were analyzed: travel 
time, fuel consumption, pollutant emission and 
public transportation costs. A fifth issue - the 
roadway space needed to accommodate extra traffic 
- was also analyzed in a first methodological 
attempt. 
Ten cities were selected, considered their size, 
average traffic conditions and the local support to 
perform the required field measurements. The 
sample range from Juiz de Fora (400,000 
inhabitants) to Siio Paulo (1 0 million inhabitants). 

For each city, a main roadway system was 
identified, based on the local engineers’ experience. 
This system was divided into routes, where the field 
measurements were made. In some cases (larger 
cities) the survey was performed in a limited number 
of routes, yielding average figures that were later 
transferred to the remaining roadways, according to 
their similarity. The final roadway systems were 
expected to represent 95% of the main system in 
each city (irrespective of volume/capacity ratio) and 
also 95% of the congested links in each city. A total 
of 2.627 km of roadways were surveyed, ranging 
from a minimum of 55 km in Juiz de Fora to a 
maximum of 8 16 km in Siio Paulo. 

made: 
In each city, the following measurements were 

Physical and operational road conditions: road 
geometry and pavement, length, existence of 
median, width of tracks and sidewalks, location 
of signals and bus stops, slopes, predominant 
land use; 
Traffic volumes: traffic volumes were measured 
in selected points along the routes, during eight 
hours - from 6AM to 9AM and from 3PM to 
8PM. Measurements comprised automobiles, 
buses and trucks. In some cities, recent available 
24hs counting were used to estimate the intended 
eight hours measurements. 
Travel times and delays: automobile and bus 
travel times and delays were measured in all 
routes with test vehicles (for automobiles) and 
embarked personnel (for buses), with a minimum 
of three runs per direction, per hour. 
Vehicle occupancy: automobile and bus average 
occupancies were measured through samples 
taken every hour on the same points where 
traffic volumes were measured. For cars, the 
number of occupants was measured by direct 
visual observation on slow-speed conditions. For 
buses, occupancy was estimated also by visual 
observation, by classifying passenger density 
according to a previously defined scale of 20 
passengers increments (0-20,20-40 etc). 

3. 

3. I Ideal travel linzes 

There is a large literature on the analysis of travel 
time on urban roads (ITE,1985; TTI, 1996). The 
study adopted the concept of extra travel time, by 
comparing “ideal” and “actual” values. The 
definition of the former considered three main 
characteristics: the geometric/operational features of 
the road, the signal density and three levels of 
volume-to-capacity ratio. 

In the first case, four classes of roads were 
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defined: freeways, class I arterial, class I1 arterial 
and collector. Freeways follow the HCM definition 
(ITE, 1985); a class I arterial is represented by a 
divided roadway with signals, good pavement and 
high standard geometric conditions, no parking and 
effective bus priority schemes (either curb bus lanes 
of bus corridors); a class I1 arterial is a divided 
roadway with lower geometric and operational 
standards (for instance, parking is allowed in certain 
blocks) with buses having no special priority 
schemes; a collector road is undivided, with or 
without parking and no bus priority scheme. 

With signal density, the analysis of the set of 
routes in the ten cities showed that it ranges from 1 
to 7 in almost all cases and then the curves relating 
volume/capacity ratio and travel time were 
developed considering this range. 

With the volume/capacity ratio, three levels were 
defined: 0.70/0.85/1 .O. The definition of three levels 
was made to cover a wide range of congestion 
possibilities. The 0.7 level represented “light 
congestion”, the 0.85 level “moderate congestion” 
and the 1.0 level “severe congestion”. To estimate 
the extra time, for each congestion level an “ideal” 
travel time (per kilometer) was defined and then 
compared to the actual travel times measured on the 
street. The definition of the “ideal” travel times was 
made for each sort of roadway, and for automobiles 
and buses. Departing from a free-flow speed for 
each class or road, its respective travel time per 
kilometer was defined and then a higher travel time 
per kilometer was estimated for each volume to 
capacity ratio. Such travel time rate was then 
increased according to the number of signals per 
kilometer, up to 7 signals per kilometer (observed 
from the sample) . The average delay per signal was 
estimated as 12 seconds (considering an average 
cycle time of 80 seconds and 60% of green time for 
the main street) for the first 4 signals, with this 
figure being slightly decreased for a higher number 
of signals per kilometer, implying that some sort of 
signal coordination exists. In the case of buses, it 
was considered that they would always have an extra 
one minute travel time per kilometer than that of the 
automobiles, implying an average number of three 
stops per kilometer (observed from the route 
sample). These procedures yield a set of six curves 
of “ideal “ travel times per kilometer, per type of 
roadway, level of congestion and for autos and 
buses. Such curves represent average conditions for 
each sort of roadway according to field observations 
and to the experience of each engineer or technician 
involved in the study. It may be improved or 
changed according to new studies or surveys. 
Examples of ideal relative travel times (minutes per 
kilometer) for automobile and buses, in the case of 
severe congestion, are given on table 1. 

Signalshun Maximum travel times (minflan) 
Arterial I IArterial I1 IColector 

4.1 

I 

4 2.6 
5 2.7 
6 2.8 
7 2.9 

I 

3,G 2.9 3.9 3 3  4.5 
3,7 3 4 3.6 4.6 
3,8 3.1 4,l 3.7 4,7 
3.9 3.2 4.2 3.8 4.8 

3.2 Fuel consumption 

Two curves relating speed and fuel consumption 
were developed, for automobile and buses, using 
data from Brazilian sources (equations 1 and 2) 

Speed-fiiel relationship, automobiles [ 11 

C = 0,09543 + 1,26643/V - O,00029V, where 
C = fuel consumption (literdkm) 
V = automobile speed ( k d h )  

Speed-fiiel relationship, buses (Balassiano, 1980) [2] 

C = 0,44428 + 0,00008V2 - 0,00708V + 1,3791 1/V 
+ 0,OO 107carr, where 
C = fuel consumption (literdkm) 
V = bus speed ( k d h )  
Carr = bus loading (passengers) 

3.3 Pollzitant emission 

Several curves relating speed and emission were 
developed, for automobile and buses. For 
automobiles, the following pollutants were 
considered: Carbon monoxide (CO), hydrocarbons 
(HC), nitrogen oxides (Nox); for buses, to these 
pollutants the emission of particulate matter ( M P )  
was added. This was one of the most difficult tasks 
once there are no comprehensive curves already 
developed for Brazilian conditions. The curves were 
then developed using results form laboratory tests 
made by the S5o Paulo agency for environmental 
action (Swarc e Branco, 1983) and French studies 
made at the INRETS institute (Joumard, 1991). 

3.4 Public transportation costs 

The impact of congestion on buses was estimated in 
two ways. First, the extra number of buses that have 
to run in order to keep the planned headway; second, 
the impact of such extra buses on the cost of the 
system (and hence on the bus fare). The increase in 
the bus fleet was estimated for the peak hours, for 
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Table 2: Equations for pollutant emissions according 
to speed, automobiles and buses. 

Pollutant 

HC 

Emission (g ramsh)  

Automobiles Buses 
- 0.28 + 62.481V 1 14-13 - 3.67 lnV 

CO 

PM 
Nox 

each roadway section, considering the extra travel 
time caused by congestion, according to the formula: 

- 0.45 + 7271V + 1,34*0,001V’ 43,34 - 8:98 1nV 

------- 1.73 - 0,32 In V 
1,03 + 7,477*0,00 1V‘ 37,21 - 6,46 h V  

DF = DTp * L * Freq, 
Onde: 
DF = bus fleet increase (vehicles); 
DTp = excess travel time (hours); 
L = section length (km); 
Freq = bus frequency (vehicles/hour). 

The impact on the systems’ cost was estimated 
considering that the variation in speed impacts fuel 
consumption (20% of total costs) and that the 
increased fleet impacts the fixed costs (50% of total 
costs). Considering that the average monthly 
distance run by the bus is inversely proportional to 
the fleet size, it was considered that if congestion 
were eliminated bus operating costs will be reduced 
according to the formula: 

CR = {0,2 * Diesel consumption change) + {0,5 * 
Fleet change), with all changes expressed in 
percentage. 

3.5 Extra road space 
The space required to accommodate the extra 
number of vehicles was estimated for each 
congestion level considering that an automobile uses 
60m2 while circulating and 15 m2 while parked. 

3.6 The use of the space 
The use of road space by automobiles and buses on 
peak hours was compared assuming that autos carry 
on average 1.5 person and buses 70 people. 

3.7 Expansion of hourly data 
Data from hourly surveys were transformed into 
daily data and then into yearly data using proper 
coefficients extracted from the city’s traffic profiles. 
Yearly values were found to correspond to 250 daily 
values. Data were also expanded to include 
congestion effects on side streets that cross main 
streets, using proper coefficients. 

4. RESULTS 

The most relevant results are summarized below, for 
the case of severe congestion only ( volume to 
capacity ratio equal to 1). Should the other two 
congestion levels be considered (moderate and light) 
resulting figures would be higher. 

4. I Average system speed 

Figure 1 shows the average weighted system speed 
for automobiles and buses, in the evening peak 
periods. Auto average speeds range from 44 k d h  
Brasilia to 17 k d h  in Siio Paulo. Most cities lye in 
the range between 25 k d h  and 30 k d h .  In the case 
of buses, speeds range from 27 k d h  in Brasilia, to 
12 k d h  in Siio Paulo, with most cities in the range 
between 18 k d h  and 22 k d h .  This is a special 
concern, once well organized bus corridors could 
yield to speeds in the range from 20 to 25 k d h .  

4.2 Impact on bus.fZeet and costs 

Table 3 shows that congestion is causing the need to 
offer an extra quantity of buses that goes up to 30% 
in in the evening peak in the case of Siio Paulo and 
has also serious effects in the case of Rio de Janeiro 
(1 3.5%) and Belo Horizonte (1 1.7%), the three 
largest cities in the country. If we consider that the 
operating fleet has to be defined considering the 
most pressing demand - that happens in the evening 
peak -then such fleet increase has direct impacts on 
the bus systems operating costs. The last column of 
table 4 shows that such impact goes up to 16% in the 
case of Siio Paulo, 10% in Rio de Janeiro and 6% in 
Belo Horizonte. This represents a direct impact on 
bus fares, that have to be paid by the users or 
supported by some sort of subsidy. 

Figure 1 : Average automobile and bus speed for 
each city, evening peak. 
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Table 3: Impact of severe congestion on bus fleet 
and operating costs on the three largest towns, 
evening peak. 

City 

Excess fleet Impact on 

15.8 

Travel time (pass-hours) 
Total ]Excess time with congestion 

Table 4: Total and excess travel times under severe 
congestion, evening peak, buses and automobiles, 
Rio and SBo Paulo. 

Rio /Autos 

Light Moderate Severe 
Concept Concept Concept 

65,604 16,288 13.135 10,113 

S. Paulo 
Buses 252.956 51.77 47.205 40.648 
Autos 212,056 124.415 116.842 107.323 
Buses 327.969 135,39 126.913 114,972 

4.3 Excess travel time 

City 

Table 4 shows total and excess travel times for 
automobiles and buses in the evening peak hour for 
the three largest cities. Figure 2 shows the excess 
travel time in peak hours in relation to all travel time 
spent in the same period, for all cities. 
Table 5 summarizes the annual excess time spent in 
severe congestion in the three largest cities. Brasilia. 
the nation’s capital , shows a remarkably good 
condition. The most dramatic case is Siio Paulo, 
where automobile users spend 200 million extra 
hours and bus users spend 117 million extra hours 
due to severe congestion. 

Annual excess travel time in 
severe congestion (10’ pass-hours) 

Table 5 :  annual excess travel time under severe 
congestion, selected cities, automobile and bus 
users. 

Campinas 
Curitiba 
Joiio Pessoa 
Port0 Alegre 
Rio de Janeiro 
Siio Paulo 

1 

3.507 2.452 
2.819 2.366 
772 1.205 
2.997 3.423 
33.033 80.408 
198.4 1 17.869 

I Automobiles I Buses 
Brasilia I499 12.407 

Figure 2: Excess travel time under severe 
congestion, evening peak hour. 

Table 6 : Annual excess pollutant emissions, severe 
congestion, selected cities, autos and buses. 

3.4 Excess.fiel consumption 

In the extreme case - Siio Paulo - , automobiles use 
105.000 liters of extra gas in the evening peak. 
When the annual values are estimated - including 
crossing streets values - in Siio Paulo automobiles 
use 25 1 million liters of excess gasoline. 

4.5 Excess pollutant emissions 
In respect to average automobile pollutant emission 
per kilometer in the evening peak hour, data fiom 
CO emissions range from 15 grams in Brasilia to 40 
grams in S5o Paulo. 

4.6 Congested roadways 

The length of the roadway system under severe 
congestion in the evening peak is not high is most 
cities - around 30-40% - however reaching the 82% 
level in the case of SBo Paulo 

4.7 The use of road space by mode 

The percentage of road space used by automobiles 
and buses in the roadway system shows a clear 
dominance of the automobile, that occupies from 
70% ( Port0 Alegre) to 92 YO (Brasilia) of the space. 

629 



When the relative road space used by automobiles 
and buses is computed considering average vehicle 
passenger occupancies (70 people per bus and 1.5 
people per car), it can be seen, for instance, that a 
person using a car in Belo Horizonte occupies 25.6 
times the space of a person using a bus. 

Item 
Travel time 
Fuel consumption 
Air pollution 

Table 10: Annual costs, severe congestion. 

Cost (lob U$/year) 
16 1 
122 
31 

Travel time 
( 106 pass-hour) 

Road space 1 so 
Total I395 

Fuel consumption 
( 106 liters) 

4.8 Costs 

. . . 

CO IHC 
122.7 I 11.1 

To estimate travel time and pollution costs is still a 5. CONCLUSION 

CO IHC lNOx IPM 
0.725 10.297 10.521 10.26 

controversial issue, with large differences among 
the available studies. Considering all these 
difficulties, the study adopted a conservative 
approach for travel time costs, that leads to the 
estimation of the minimum costs that congestion is 
causing. In the study, the average income of each 
city was considered, without taking the differences 
between auto and bus users. Taxes applied on 
salaries were included and factors referring to the 
possibility of alternative use of time and the 
productive use of time were included. With fuel 
costs, a shadow price of 0.718 of the pomp price 
was adopted. In the case of pollution, international 
average values were adopted to Brazilian income per 
capita. In the case of road space, local costs for 
construction, maintenance and operation (traffic) 
were used. 

Traffic 
Parking 

4.9 Annual total excess values 

(106 m2> . 
6.99 
1.75 

Table 7: Annual excess travel time and fuel 
consumption, severe congestion, all cities 

I 

Auto I Bus I Total I Auto I Bus 
250 1256 1506 1252 17 

Table 8: Annual excess pollutant emission, severe 
congestion, all cities 

Pollutant emission (10’ tons) 

I Auto I Bus I 

Table 9: Excess road space, severe congestion. 

The study developed a simple and reliable 
methodology to measure congestion levels and 
impacts, to be used at low cost in developing 
countries. Ten Brazilian cities were analyzed. The 
problem is already very serious in the three largest 
cities - S ~ O  Paulo, Rio and Belo Horizonte and that 
middle sized cities are also suffering from the 
problem. Considering just the severe congestion 
(capacity at full use) the ten cities together waste 
500 million passenger-hours and 250 million liters 
of fuel per year, and throw in the atmosphere 
123,000 extra tons of CO and 1 1,000 extra tons of 
HC. The largest cities have to use from 12% to 30% 
extra buses to compensate for congestion effects, 
increasing costs and fares. Total annual cost, using 
conservative parameters, was estimated as U$ 400 
million. 
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ABSTRACT: This paper- deals with the introduction of a new method for the financing of urban arterial 
roads. Cost towards the construction of roads is recovered from the sale of erven. The new method 
determines the pro-rata contribution of erf owners based on TRAVEL DEMAND and TRAFFIC IMPACT 
principles. The initiation of the "Urban Arterial Account", the principles on which it will be managed and the 
trailsition from the existing to the new method will be dealt with. Other applications and advantages of this 
method will be discussed. 

RESUME: Cet article traite de la iiouvelle methode de financement des gr-andes routes urbaines. Les c o h  de 
construction des routes soiit recuperes pal- la vente des terrians. La nouvelle methode, basee sur la demaiide en 
matiere de transport et les principles de l'tnpact sur le trafic, determine la contribution de chacun des 
pi-opertietaires de terrains. Cinitiation a 1' "Urban Arterial Account", les principles selon lesquels i l  sera gere et 
la transition des inethodes existaiites aux nouvelles methodes seront abordes. Les autres applications et 
vantages de cette ink thode seront egaleinent discutes. 

RESUMEN Este tr-abajo trata de la introducci6n de un nuevo metodo para la financiacion de Vias Urbanas 
Lob costes de la constniccion son ciibiertos por la vanta de solares, El nuevo metodo determina la 
coiiti-ibucion pro-rata de 10s propietarios de 10s solares basadosen 10s principios de la DEMANDA DE VlAJE 
e IMPACT0 DE TRAFICO Se trataran el estableciiniento de la "Cuenta Vial Urbana", 10s principios por 10s 
cuales sera I-egida y la transcion del metodo existente al nuevo metodo Serail discutidos otras aplicaciones de 
este metodo 

I INTRODUCTION 

I n  the early 1970's the principle was accepted that 
each development should contribute towards the 
cost of the adjacent access roads The inethod 
used to determine the pro-rata portion to be 
recovered was based on the adjacent access roads 
This method worked fairly well but later proofed 
to have certain shortcomings The major 
shoi-tcoming was that there was no consistent 
relation between the capacity and length of the 
access road and the number of erven to be served. 
This method was administered by mealis of the 
Betterment Fund 

The Betterment Fund has served its purpose but 
with the development of the city, the demand for 
the upgrading of roads towards the CBD is 
increasing. The Betterment Fund Method does not 
make provision for a direct contribution to those 

access roads not adjacent to the development 
creating the traffic 

A new method was developed with the aim to 
resolve the shortcomings in the Betterment Fund 
with regard to the overall provision of access 
roads 

The method called the Travel Demand and 
Traffic Impact Method was developed whereby the 
pro-rata contribution towards access roads was 
based on the actual traffic generated by a 
development 

To manage the h i d i n g  of this  new method an 
Urban Arterial Account was also introduced 

The term access road was also replaced with the 
term Urban Arterial Road to avoid conhsion with 
roads giving direct access to individual erven 

This paper deals with the development of trip 
generation models and the iinpleinentation and 
application of this method in the calculation of cost 
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to be recovered from the sale of erven for the 
financing of urban arterial roads. 

3 THE TRAVEL DEMAND AND TRAFFIC 
IMPACT METHOD TRIP GENERATION 
MODELS 

2.1 Trip feneration model for residential erven. 

Trip generation is directly related to the number of 
residents per household and the availability of 
vehicles. To convert and express the personal trips 
i n  vehicular trips the vehicle occupancy rates are 
taken into consideration. 

The development of a mathematical model to 
simulate trip generation is dependent on the 
following data: 

Socioeconomic data of each household 
* Number of people i n  each household 

Number of people additional to the 
household 

* Economic active people. 
* Scholars. 

Type of transport mode used. 
8 Vehicle ownership 
= 

The assumption is that trip generation is directly 
related to the sum of the household size and the 
number of vehicles in the household 

The following Trip Generation model has been 
developed (morning peak trips) 

Where 
TG(,) = Trip generation for group i 
a ,b = Calibration constants 
Hl,) = number of persons per household 

in-group i 
V(,l = number of vehicles per household 

in-group i 

The urban arterial requirement is indirectly related 
to trip generation. The following traffic flow 
principle is used: The traffic impact is an 
exponential knction of the traffic volumes on a 
road. With an increase in traffic volumes the 
iinpact (capacity restraint) increases at a higher 
rate. 

The objective is to determine the traffic impact 
from each development according to their 

economic group that will be used to calculate the 
contribution from the sale of erven for the 
financing of urban arterial roads. 

The following model has been developed: 

Where 
TI 
V tn,,c(,) = Vehicular trips for group i 

C = Calibration constant 

= Traffic Impact Factor for- group 1 

The data required are not readily available in the 
format required to analyze the different groups 
Ceitain assumptions wei-e made for the missing 
figures. The data used are given in Table 1 

Table 1 Socioeconoiiiic data 
- Household Persons/ Vehicles/ Vcliiclc 

household household Occupai1c! broup 

Ultra low 2 91 3 86 0 28 3 77 
s 1ze 

Low: 5.28 5.28 0.63 3.77 
Medium: 3.84 4.03 1.43 2.81 
Hieh: 3.50 3.50 2.08 2.34 

With the models developed and the data 
avai 1 ab 1 e the fo 11 owing resu 1 t s were o b t ai ned 

Table 2 Trip Generation per household 
( res i dent is1 e n w )  
Group Person trips Vehicular trips 
Ultra lo\\ 1 77 0 47 
LO\\ 2 62 0 69 
Mediuin 2 76 0 98 
High 3 06 1 3 1  

Table 3 Traffic Iiiipact Factor (residential erven) 
Group Traffic Impact Relative Ratio 

Factor 
Ultra low: 0.1029 1 .00 
Low: 0.334 1 3.25 
Medium: 0.9445 9.18 
High: 2.2450 21.82 

The fact that trip generation is also a factor of the 
economic status of residents is acknowledged and 
taken into consideration. Four economic groups, 
related to the household income, have been 
identified for this purpose namely: 

Ultra low 
Low 
Medium 
High 
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Table 4 below gives an indication of the income 
per household in  the different groups. 

Table 4 Economic groups (income categories) 
ci I-oLlp 
Ultra 1 0 ~  

Lon 
M ed i u in 
High NX 7001 plus 

incoine/inonth (household of 4) 
NX 0 to NX 1750 
NX175 1 to NX 3000 
NX 3001 to NX7000 

Table 5 Parking requireineiits 
(As prescribed in the Town Planning Scheme) 
Use zone Use Par king 

General Residential 1 pei dwelling 
requirement 

Residential buildings LIlllt 

buildings UIllt 

Hotels 1 per 50 in2 

Business Residential 1 pei dwelling 

Hotels 1 ucr 50 ni2 

For each trip there is an origin and a destination. 
The larger- portion of trips is home-to-work based. 
The origin is residential and the destination is at a 
non-residential zoning. The principle is that both 
erven should contribute towards the financing of 
urban arterial roads. The problem is that most 
business-zoned erven are already privately owned 
and the possibility to recover cost at this stage is 
1 i in i ted . 

The development of a mathematical model to 
simulate trip generation is related to the 
development potential of the erf. Therefore the 
following are regarded as significant variables: 

Parking requirement is an indication of trip 
generation potential. 
Bulk factor is an indication of the 
development potential. 
Size of the erf is directly related to the 
development potential of the erf. 

= 

= 

Zoning of erf 

For the purpose of this study the assumption 
was made that trip generation is directly related to 
the maximum number of parking required if the erf 
is developed to its fill1 potential. This assumption 
was made due to the non-availability of trip 
generation data for non-residential erven 

The following Non Residential Trip Generation 
model is proposed. 

Where: 
TG(NR)(,, = Non Residential Trip generation for 

zoning i 
P(,) = Parking requirement for zoning i 
B = Bulk factor applicable on a specific 

A = Area of a specific erf. 
erf. 

Parking requirements as prescribed in  the Town 
Planning Scheme will be used in this model. The 
requirements are given in table 5 

All other uses 1 per 33 3 in’ 

Restricted All uses I per 50 in’ 
Business 
1 Garage 1 er 16.6 in’ 

Industrial A11 uses 1 per 66.6 in’ 
Special, All uses As determined 
Institutional. by Council 
Uiidetcrinined 
of!ricc All uses 1 w r  25 in’ 

The purpose is to determine the traffic impact 
factor for non-residential erven in relation to the 
relative values as determined for the different 
residential groups. This factor is applied to 
determine the contribution which non-residential 
erven must make towards the Urban Arterial 
Account for urban arterial roads. 

The following equation is proposed: 

TI(NR) (,) = C x TG(NR)(,, 

Where. 
TI(NR) f l )  = Traffic Impact Factor for non 

residential zoning i 
TG(NR),,) = Non Residential Trip 

generation for zoning i 
CO) = Valuation factor zoning i 

The C value links the residential and non- 
resident i a1 t I-affi c i in p act factors . 

The initial values will be taken as: 

C = 2 5 for all non-residential uses except for 
institutional and undetermined. 

C = 0 5 for Institutional and undetermined. 
This is based on the equivalent values used for 

residential and non-residential traffic impact 
factors as in the past 

These values will have to be verified when this 
method will be applied for the first time. 
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3 THE COMPLEXITY OF DETERMINING 
THE EFFECT OF DEVELOPMENT ON THE 
URBAN ARTERIAL ROAD NETWORK- 

To understand the traffic impact generated froin a 
d eve 1 o p in e n t the fo 1 1 owing p r i nci p 1 es are 
highlighted: 

When a new township is developed the burden on 
urban arterial roads are twofold: 

The urban arterial roads required giving access 
to this specific township. 
The incremental increase in traffic volumes on 
the existing road network. 

Any development requires pre-financing. When 
urban arterial roads are involved the financing can 
be for three different situations or a combination of 
si tuat i on s : 

The urban arterial road needed for a specific 
development, 

0 A future development that will partly benefit 
from the urban arterial road provided for the 
first development. (provision of capacity) 
The cost of an urban arterial is included in the 
upset price but will only be constructed at a 
later stage (expansion of capacity) 

0 

The above shows the shortco~nings in the 
previous method where only the "access roads" 
bordering the township were taken into 
consideration This method did not make provision 
for the recovering of cost for the upgrading and 
incremental expansion of the capacity of the total 
urban arterial road network. 

The new method addresses this shortcoming 
and ensures a more consistent amount to be 
~-ecovcred 

4 APPLICATION OF THE TRAVEL 
DEMAND AND TRAFFIC IMPACT 
METHOD 

The following method is proposed to apply and 
manage the Travel Demand and Traffic Impact 
Method. 

The next step in the application ofthis method is to 
add a monetary value to the Traffic Iinpact Factor. 

This value, referred to as the "sfariu" value", will 
be based on the actual amount required for the 
provision of urban arterial roads. To avoid 
fluctuations in the standard value it will be done on 
a three year rolling average, The past nine-year's 
expenditure on urban arterial roads has been used 
to calculate the average expenditure per annum in 
real terms. The outcome of this analysis is 
indicated in table 6. 

Table 6 .  Actual Expenditure on "Access Roads" 
1991 to 1999 

Espenditurc 111 rcal 
terms Expciiditurc 

N$40,725,975.93 N$79,6 1 1,494 89 Total for 9 
Years: 

Average per 
Year over 9 N$4,525,108.44 Ns8.845.721.65 
Years: 

4.2 Itii fiul calculation of the Sfaridai-d w l i ~ e :  

The amount of N$ 8 845 721.65 was used as target 
figure to be recovered. The assumption was that 
the rate of development would be the same. This 
will have to be verified, as more inforination 
becomes available. 

The steps followed in the initial calculation: 
The past expenditure on urban arterial roads 
(access roads) was determined as stated in 
the previous paragraph. 
The number of erven i n  each economic 
group to be developed in the next three 
years was obtained from the Township 
Development Program. The number of 
erven is given in table 7 .  
Urban arterial roads that need to be 
constructed to provide access to the 
developments (For the initial calculation the 
average past expenditure was used.) 
Urban arterial roads that need to be 
upgraded due to the incremental increase in 
traffic volumes. (There are a few large 
urban arterial road projects envisage for 
implementation i n  the next three years that 
was not included.) 

With these data available the standard value 
was calculated. The basic principle was that the 
urban arterial road contribution froin the developed 
erven should be equal to the expected expenditure 
on urban arterial roads. 

The standard value amounted to N$ 668.19. The 
value of the urban arterial road contribution for 
erveri in each economic group is shown in table 8. 

An attempt was made to quantify the possible 
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Tablc 7 Tomnship Developiiieiit Program. iiuinber 
of cilicii to be developed in the next three years 
1999/200 1 
Group Number of erven 
Ultra IOU 10667 
L O \ \  1062 
Med i ~i iii 2666 
High 0 
0 t h  322 
Total for 3 ?cars 10667 

Table 8 Urban arterial road contribution per erf per 
ccoiioiiiic group 

Relativc ratio Urban Artei-ial 
based on thc Road 

Economic traffic impact Number of contribution 
group factor * erven per erf 
Ultra low 1 10667 N$ 668.19 
LO\\ 3 25 1062 NS2.171 63 
Mediuin 9 18 2666 N$ 6,134 0 1 
High 21 82 0 N$ 14,579 98 
*Sec table 3 

income from non-residential erven but due to the 
availability of detail information it was not 
possible. For the initial calculation a fixed value 
was estimated. The standard value is not very 
sensitive for variation of the non-residential 
component due to the relative sinall number of 
e Irven that can contribute 

An estimated N$ 750 000.00 for the three year 
period was used as a guideline value. The total 
income from contributions of all the erven amounts 
to N$ 8,845,72 1.65 per annuin or N$ 26 537 164.95 
over the three year period, 

The rate of development and expenditure on urban 
arterial roads will vary from year to year To avoid 
large fluctuations i n  the standard value the 
calculation should be revised annually on a three 
year rolling average Various assumptions were 
made due to a lack of available data With the 
annual revision these assumptions can be revised 
on the hand of new information or replaced with 
the actual data. The balance of the Urban Arterial 
Account could also be an indicator whether the 
standard value is still valid 

5 ESTABLISHMENT OF AN "URBAN 
ARTERIAL ACCOUNT" 

To inanage this new method the establishment of 
an Urban Arterial Account is proposed. The 

principal on which the Account will operate is the 
same as the Betterment Fund. The major difference 
is how the urban arterial roads will be accounted 
for. For the Betterment Fund there was a budget 
item within each development for access roads. 
The Urban Arterial Account will centralize the 
entire budget i t e m  in one project from which all 
the urban arterial roads will be financed. 

The purpose and responsibility of the Urban 
Arterial Account will be: 

Accept responsibility for the financing of all 
the arterial roads needed. 
Accept responsibility for all existing out 
standing obligations with regard to "access 
roads". 
With the acceptance of this responsibility 
the Betterment Fund surplus and obligations 
should be transferred to the Urban Arterial 
Account. 
The Account will then be entitled to a pro- 
rata contribution from the receipts of all 
future erf sales. 

= 

6 FUNDS FROM THE ROAD FUND 
ADMIXISTRATION 

The advantage of the Urban Arterial Account will 
be that any proceedings from the Government's 
newly established Road User Charging System 
will reflect directly in the expenditure, resulting in 
a lower standard value 

The Road Fund Adininistration was created to 
inanage the Road User Charging System The 
principle on which it is based is that the road users 
pay for the provision and maintenance of the road 
network through a fuel levy, licence fees and 
weight distance charges (An indirect toll system) 
With the establishment of the Road Fund 
Administration the principle was accepted that 
Local Authorities would qualify for funds from the 
Fund for urban arterial roads on certain criteria 
The advantage will be lower property tax and 
lower- erf prices 

7 TRANSFER OF FUNDS TO T€E URBAN 
ARTERIAL ACCOUNT 

To get the Urban Arterial Account operational the 
funds fi-om the Betterment Fund should be 
transferred to the Urban Arterial Account. In the 
analysis of the Betterinent Fund the following 
three different scenarios were identified. 

Developments completed. All erven sold but 
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with outstanding obligations towards urban 
arterial roads. The funds available for these 
obligations will be transferred to the Urban 
Arterial Account. 
Developments still active: These are the 
developments where urban arterial roads have 
been provided and pre-financed. There are still 
er-ven available for sale. The pre-financing 
portion should be transferred to the Urban 
Arterial Account with the understanding that 
the pro-rata portion of the proceeds from erf 
sales will be for the Urban Arterial Account, 
based on the new method. 

New developments: Those are township 
developments currently undertaken and where 
the expenditure for urban arterial roads has 
been done. This pre-financing should also be 
transferred to the Urban Arterial Account. The 
understanding is that the new method of 
calculation will then be applicable when the erf 
prices are determined. 

An indication ofthe amounts involve is given in 
table 9 

8 FURTHER APPLICATION OF THE 
TRAFFIC-IMPACT METHOD. 

This method can also be applied on re-zonings and 
subdivisions. The current practice is that with re- 
zoning and subdivisions a levy is payable. The 
levy is a contribution towards the Endowment 
Fund and Betterment Contribution Fund. These 
funds were created to make provision for an 
additional financial contribution towards the main 
infrastructure, This was done on an ad-hoc basis by 
charging a certain percentage. The developers are 

Table 9 Funds to be transferred to the Urban Artcrial 
Account 
.41111licablc scenario Balancc 011 . .  

30 J~iiie 98 
N$ 192 162 727 99" Dci clopmcnts completed Funds 

to be transferred to the Urban 
Arterial Account to meet 
outstanding obligations 
Developments still active N$ (89 624 029 19)" 
P1c-til1al1ccd pol-tlo11 to bc 
riansfcricd 
Nc\\ dcvclopiiients 
Urban Arterial Roads 
Pre-financed 
+This IS the balance i n  thc Bettcrmeiit Fund The 
portion applicable to urban arterial roads must still be 
detci mincd 

N$ (825 489 45) 

however reluctant to pay the levy because it is not 
quantified on a scientific basis. 

With the Travel Demand Method the effect on 
the Urban Arterial Road Network can be 
scientifically quantified and converted into real 
time monetary values. The Travel Demand and 
Traf ic  Impact Method will be made applicable on 
all new re-zonings and subdivisions to determine 
the levy. An additional income for the Urban 
Arterial Account can thus be generated. 

9 SUMMARY 

This method has integrated two principles and has 
made it possible for the Windhoek City Council to 
scientifically calculate the contribution for urban 
aiterial roads from the sale of et-ven. The principles 
involved are economic and transportation related 
Economic: The user pay principle is enhanced The 
user pays for the portion of urban arterial road 
required. 
Transportation: The contribution is based on the 
Travel Demand of the user and the Traffjc Impact 
it will have on the transportation system. 
This system will ensure that the City of Windhoek 
can expand its transportation infrastructure on a 
sustainable and self-supporting basis. 
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Private financing initiatives: Developing countries' experience 
Les initiatives privees qui financent: l'experience des pays en developpement 
Las iniciativas privadas que financian: La experiencia reveladora de paises en desarrollo 

M. S.A.Gaabucayan, K. Doi & T.Takada 
Tokyo Institute of Technology, Jupun 

ABSTRACT: The expansion of middle income households and increase in the rate of urban migration has 
resulted in congestion in cities like Bangkok, Kuala Lumpur, and Metro Manila. 

To address this situation, massive transportation infrastructure projects were undertaken in these cities. Tra- 
ditionally, two sources of funds have been tapped for these projects: Official Development Assistance (ODA) 
and government revenues. However, it has been the amount of QDA has decreased in the last few years. Thus, 
the concept of private sector participation in financing of projects was explored. The private sector is involved 
in the planning and implementation of infrastructure planning through Private Financing Initiative (PFI). 

This paper seeks to investigate the potential limitations of PFI and the possible extension of coverage of 
ODA based on the experiences of the rail transport projects in the three cities as well as endeavor to suggest 
implementation of both financing schemes in a complimentary manner. 

RESUME: L'expansion de menages de revenu de milieu et l'augmentation dans le taux de migration ur- 
baine a rCsultC dans la congestion dans les villes comme Bangkok, comme Kuala Lumpur, et comme Manila 
de MCtro. 

Pour adresser cette situation, ces projets de infrastructure de transport massifs ont ttt entrepris dans ces 
villes. L'EchangC-tionally, deux sources de fonds ont CtC tapCes pour ces projets: 1'Assistance de DCveloppe- 
ment Officielle (ODA) et les revenus de gouvernement. Cependant, il a CtC la quantitt de ODA a diminue 
dans les tout dernikres annCes. Ainsi, le concept de participation de secteur privCe dans le financement de pro- 
jets a CtC explore. Le secteur privC est impliquC dans la planification et l'impltmentation de planification de 
infrastructure par 1'Initiative PrivCe qui finance (PFI). 

Ce papier cherche 5 examiner les limitations potentielles de PFI et l'extension possible de reportage de 
QDA a base sur les experiences des projets de transport de barre dans les trois villes de mEme que la tentative 
pour suggerer 1'implCmentation des deux arrangements qui financent dans une faqon de complimentary. 

RESUMEN: La expansion de casas medianas de ingresos y aumento en la tasa de la migration urbana ha 
tenido como resultado la congestion en ciudades como Bangkok, como Kuala Lumpur, y como Metro 
Manila. 

Para dirigir esta situation, proyectos masivos de infraestructura de transporte se emprendieron en estas ci- 
udades. De tionally comerciado, dos fondos provistos se han utilizado para estos proyectos: Ayuda (ODA) 
Oficial de Desarrollo y rentas de gobierno. Sin embargo, ha sido la cantidad de ODA ha disminuido en 10s 
ultimos pocos aiios. Asi, el concept0 de la participation privada del sector a financiar de proyectos se exploro. 
El sector privado estA involucrado en la planificacion y la implementacion de la planificacion de la in- 
fraestructura por la Iniciativa (PFI) Privada que Financia. 

Este papel procura para investigar las limitaciones potenciales de PFI y la extension posible del alcance de 
ODA se basaron en las experiencias de 10s proyectos del transporte de baranda en las tres ciudades asi como 
tambiCn tentativa para sugerir la implementacion de ambos esquemas que financian en una manera de com- 
plimentary. 
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1. INTRODUCTION: Table 1. Modal Share in KL and MM 

Notwithstanding the last three years, this decade has 
seen tremendous economic growth in the Asian re- 
gion. Consequently, this has lead to a rise in the 
middle income households in major cities which in 
turn has translated into augmented household vehi- 
cle ownership and increased mobility. With the rate 
of urban migration and expanding urban population, 
the need for travel has rendered the roads of capital 
cities like Bangkok (Thailand) Kuala Lumpur (Ma- 
laysia) and Metro Manila (Philippines) heavily con- 
gested. Based on 1994 statistics, the number of vehi- 
cles per kilometer in these cities are 695, 620 and 
592, respectively. Although the modal share of pub- 
lic transport differs in each city as seen in Table 1, it 
has truly become necessary for these cities to de- 
velop massive urban public transportation infrastruc- 
ture planning to meet the increasing demand. 

Traditionally, two sources of funds have been 
tapped for these projects: Official Development As- 
sistance or ODA and government revenues. How- 
ever, it has been noted that the amount of ODA as- 
sistance to these countries have decreased in the last 
few years. Moreover, Governments have found it  
increasingly difficult to cope with the burgeoning 
demand for transport infrastructure. Thus, the con- 
cept of private sector participation in financing of 
projects was explored. The private sector is involved 
in the planning and implementation of infrastructure 
plans through the concept of Private Finance Initia- 
tive or PFI. 

It cannot be denied, however, that the implemen- 
tation of mega projects, specially in the transport 
sector, has many pitfalls. As Allport’ describes it, 
“few megaprojects are intrinsically profitable (i.e. 
the revenues are inadequate to fund capital, operat- 
ing and asset replacement costs, and return a divi- 
dend to shareholders).” Despite this reality, this has 
been an increasing convergence for increased private 
sector participation in Asia. Table 2 shows the extent 
of private sector participation in selected Asian 
countries. 

This paper seeks to evaluate the potential com- 
plimentarity of Private Financing Initiatives (PFI) 
and Overseas Development Assistance (ODA) in the 
implementation of Urban Transport Infrastructure 
in developing countries. It shall attempt to investi- 
gate this complimentarity in the light of the experi- 
ences of the BTSC Project (BKK), STAR LRT (KL) 
and EDSA-MRT (MM). 

A cursory evaluation of the Privatization Policy in 
these countries yields the following similarities: 

(1) It seeks to relieve the government of financial 
and administrative burden for major projects; 

Mode BKK KL MM 

Private Cars 23% 47.5% 30% 
Bus 
Motorcycles 14% 26% 0.7% 
Rail 2%* 0.5% 2.2% 
Others 20% 1.6% 52.5%“* 

41% 24.4% 17.4% 

(* for BKK, combined ferry and rail share) 
(“ *for MM, jeepneys constitute 39.1% of Others) 

Table 2. Policy Convergence Towards Increasing Private Sector 
Involvement 

Country Comment 

Malaysia Strong, consistent commitment. 

Indonesia Strong commitment. 

Thailand Strong, consistent commitment. 

Philippines Strong commitment. 

Pragmatic implementation 

Little implementation 

Implementation sometimes chaotic 

Implementation sometimes chaotic. 

Source: Roger Allport. Making Projects Happen in Asia (1998). 

(2) It seeks to improve efficiency in the delivery of 
basic public services where government ca- 
pacities are over-extended; 
It seeks to encourage private sector participa- 
tion to introduce market-based efficiency in the 
management and operation of projects for the 
attainment of economic targets. 

Private Sector Participation was conceived to ease 
the financial burden on the government without sac- 
rificing the delivery of necessary services to the 
public. 

(3)  

2. PROJECT IMPLEMENTATION 

This section shall investigate the project implemen- 
tation strategies of BTSC Project or the Green Line 
(BKK), STAR LRT (KL) and EDSA MRT (MM). 
BTSC was implemented under the Build-Operate- 
Transfer Scheme (BOT) with a concession period of 
30 years. STAR LRT (KL) was implemented under 
the Build-Operate-Own Scheme (BOO) with a con- 
cession period of 60 years, subject to review after 30 
years, whereas, EDSA MRT is being implemented 
under the Build-Lease- Transfer Scheme (BLT) with 
a concession period of 25 years. 
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(1) BTSC (Green Line) 

The MRT Lines of Bangkok are a product of two 
studies, namely: the Mass Rapid Transit Systems 
Master Plan Report and the Conceptual Master Plan 
Project (CMIP). The BTSC Project or Green Line 
was awarded to Bangkok Transit System Corpora- 
tion (BTSC) in April 1992. The 23.3-kilometer rail- 
way was projected to stretch from Sukhumvit Line 
to Silom Line in Central Bangkok. The initial esti- 
mated cost for the entire project was 32 Billion Baht 
(US$1.27B). However, a lengthy negotiation process 
for the depot site acquisition in MO Chit has delayed 
the construction considerably. With this delay and 
the decline in Baht, the cost has been estimated to 
have increased to 58 Billion Baht (US$lSB). Re- 
sponsibilities for the implementation of the project 
were as follows: 
BTSC (Concessionaire): 

Design, construct, equip, test, and commission 
the railway 
Finance the project 
Operate and maintain the railway 
Demand, collect, and retain fares from users of 
the railway 
Carry out the activities pertinent to the provision 
of the railway services and facilities within the 
site, subject to the prior written approval of the 
Government 

Government incentives included: support loans, 
minimum operating income, concession to operating 
facility, and commercial freedom, foreign exchange 
guarantee, and interest rate guarantee. In addition, 
the concessionaire was 

Table 3. BTSC Project Risk Chart 

CNTR CONC. GOV’I: 

POLITICAL RISKS 
Land Acquisition X 

Import License X 
Taxation X 

ECONOMIC RISKS 
Foreign Exchange X 
Interest Rates X 
Inflation 

Construction X 
Operations X 

Cashflow Sensitivity X 

Cost of Power Supply X 
Fare Revenue X 

Future Fares X X 

TECHNICAL RISKS 
Construction x x  
Operations X 

COMPLETION RISKS 
Price and time X 
Delay in Start-up X X  
Squatter Relocation X X  X 

Contractor Default X 
OPERATIONAL RISKS 
Adequate Skilled Staff X 

Safety X 
Power Supply X 
Competition X 

granted “promotional privileges by the Board of Invest- 
ments (BOI) include an 8 year-corporate income tax 
holiday and full exemption from duties on imported 
machinery and materials”. Allocation of risks may 
be gleaned from Table 3. 

(2) STARLRT 

Based on two transport studies undertaken in Malay- 
sia, the Kuala Lumpur Master Plan Transport Study 
(1979-1981) and Klang Valley Transportation Study 
(1986), it was identified that the introduction of a 
light railway transit system would be appropriate in 
four corridors, namely; 

North to Batu/Kepong 
Southwest to Petaling Jaya 
Southeast to AmpandCheras 
Northeast to Wangsa Maju 

Thorough evaluation showed that the most viable 
corridor, from the financial and technical aspects, 
would be the Southeast corridor from Ampang to 
Jalan Sultan Ismail via Plaza Rakyat. 

In April 1991, STAR submitted a proposal to the 
Government to implement a light rail system along 
the preferred route and negotiations started in July of 
1991. The estimated project cost was $921 Million. 
The Build-Operate-Own arrangement for STAR in- 
cluded the following obligations of the key players: 
STAR (CONCESSIONAIRE) 

Design, construct, equip, test, and commission 
the railway 
Finance the project 
Operate and maintain the railway 
Demand, collect, and retain fares from users of 
the railway; 
Carry out the activities pertinent to the provision 
of railway services and facilities within the site, 
subject to the prior written approval of the Gov- 
ernmen t. 

Table 4 shows the chart drawn to identify alloca- 
tion of risks among the key players of the project, 
namely the Contractor (CNTR), the Concession 
Company (CONC), and the Government (Gov’t). 

Although the Government provided STAR with 
no written assurance for political risks, it provided 
fund to offset costs incurred for delays due to land 
acquisition. Likewise, imposed no import duties for 
any equipment or supplies that may be required by 
the project but are not manufactured in Malaysia. In 
terms of economic risks, the Government provided 
foreign currency hedging at commercial rates during 
the construction period. 

The Government refused to guarantee a 
“minimum ridership” so STAR had to rely on its 
own consultants. On the matter of future fare in- 
creases, a compromise was struck between the 
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Table 4. STAR LRT Risk Chart Table 5 .  EDSA MRT Risk Chart 

CNTR CONC. GOV'T 

POLITICAL RISKS 
Land Acquisition X X 
Import License X X 

Taxation X 

E C O N O M I C  RISKS 
Foreign Exchange X 
Interest Rates X 

lnllation 
Construction X 

Operations X 
Cashflow Sensitivity X 
Cost of Power Supply X 
Fare Revenue X 
Future Fares X X 

T E C H N I C A L  RISKS 
Construction x x  
Operations X 

C O M P L E T I O N  RISKS 
Price and time X 
Delay in Start-up x x  
Squatter Relocation X X  X 

Contractor Default X 

OPERATIONAL RISKS 
Adequate Skilled Staff X 
Feeder Bus X X 

Power Supply X 
Competition X 

Safety X 

Source: Ghani, Z.A.,Malaysia's First Privatised 
Railway System - The STAR LRT 

CNTR CONC. GOV'T 

Government and the Concessionaire. The Govern- 
ment retains the statutory right to approve or disap- 
prove proposed fare. However, if the government re- 
fused to approve based on a pre-determined inflation 
related formula then it  would have to compensate. 
On the other hand, if fare increases would result in 
exorbitant profit for the Concessionaire, then the 
Government must impose control. 

(3) LRT3 

There are five identified corridors for Urban Rail- 
way Development. These are: 
LRT 1 Rizal -Taft Avnues 
LRT2 Magsaysay Blvd. - Aurora Blvd. - Cubao- 

LRT 3 Epifanio De Los Santos Ave. 
LRT 4Espana - Quezon Ave. - Commonwealth Ave. 
LRT 6 Buendia - Zapote Route 

The Capacity Expansion for LRT 1 as well as the 
construction for LRT 2 is funded by OECE LRT 3 is 
funded through the Build-Lease-Transfer Scheme. 
LRT 4 and LRT 6, though to be funded through 
Build-Transfer -Build Operate-Own Scheme (BT- 
BOO), are still under negotiations. 

In contrast to the thorough planning effected prior 
to and during the construction of STAR LRT, it is 
contended that the government of the Philippines 
gave up a lot of its control to the demands of the 
winning Concessionaire. in the guise of fast-track 
implementation (Santiago, 1993)2. Responsibilities 

Katipunan route 

POLITICAL RISKS 
Land Acquisition X 

Import License X 

Taxation X 

ECONOMIC R I S K S  
Foreign Exchange 
Interest Rates X 
Inflation 

Construction X 
Operations X 

Cashflow Sensitivity X 
Cost of Power Supply X 
Pare Revenue 
Future Fares 
TECHNICAL RISKS 
Construction X 
Operations X 

C O M P L E T I O N  RISKS 
Price and time X 
Delay in Smt-Up X X 

Squatter Relocation X 
Contractor Default X 

O P E R A T I O N A L  R I S K S  
Adequate Skilled Staff X 
Safety X X 

Power Supply X 

Competition X 

X 
X 

of LRT 3 were allocated as follows 
EDSA MRT Corporation (CONCESSIONAIRE) 

(Table 5): 

Design, construct, equip, test, and commission 
LRT3 
Deliver system to Department of Transportation 
and Communications (DOTC) by way of' 
lease/purchase for over a period of 25 years dur- 
ing which DOTC will operate MRT system 
Provide technical management assistance and 
specific maintenance and repair service 

Technical Supervision of the Project 

Revenue guaranteed via a lease payment and 
commercial rights extend to depot. 
Common Carrier's Insurance at Government's 
expense 
Tax holiday for six years in the amount of $38.9 
Million 

Under the operation stage, except for the techni- 
cal and operation and maintenance, all other risks 
will be borne by the Government. These include: 
ridership demand and market, fare setting, interest 
rate volatility, inflation, foreign exchange fluctuation 
and convertibility/transferability. In contrast to the 
STAR LRT contract, the Concessionaire of MRT is 
protected from complications arising from change of 
Government and legislation. 

Due to the fact that the initial design was drawn 
by the private entity, LRT3 was conceived to be at- 
grade at most part. Thus, Government had to submit 
proposed changes as negotiation proceeded, other- 
wise the perceived benefit of having a rail transport 

DOTC (Government Entity) 

ighlights of the LRT3 Contract are as follows: 
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in decongesting the roadways would be negated. The 
total project cost of the project has reached US$655 
Million, up from the original cost of $160 M. 

3. PROJECT STATUS 

It was projected that operations of the Green Line 
would start in time for the Asian Games in Decem- 
ber 1999 . However, this was not realized. Instead, 
start of operations has been moved to March 1999. 

STAR LRT has started operations since Decem- 
ber 1996 yet it has been evaluated to suffer from low 
ridership from projected figure. Possible factors con- 
tributing to this situation could be existing bus com- 
petition and lack of physical coordination. 

LRT 3 is scheduled to be completed by year 2000. 
It is projected to have a capacity of 600,000 passen- 
gers per day with a total of 73 vehicles. However, 
based on the available studies on LRT 3 (Table 6), 
this may seem to be a very optimistic estimate. 

Based on the EDSA LRT F/S, the best scenario 
for LRT 3 is if there should be a 70% reduction of 
the buses plying the Epifanio De Los Santos Avenue. 
The next challenge would then be how to encourage 
the commuters to shift from buses to rail. 

Table 6 Available Studies on LRT 3 
1. Metrorail Network Options Feasibility Study 

Assuming distance-related fare, same as bus 
(1985), Electrowatt Eng’g. 

Paxiday in 1990 430,941 
Paxiday in 2000 768,294 
Assuming flat fare of P3.50 (US$0.08) in 1985 
prices 
Pax/day in 1990 214,161 
Paxiday in 2000 384,245 

2. MManila Urban Transport Dev‘t. Plan 
Dept. of Transportation and Comm. 

(1991), 

Assuming flat fare of P4.50 (US$O.11) in 1990 
prices 
Pax/day in 1996 267,260 
Paxlday in 2006 577,000 

3. EDSA LRT Line F/S (1991), internal study of 
rP. 
distance-related fare with 70% bus 

t 
Paxiday in 1998 527,140 
Pax/day in 2010 583,705 
Assuming distance-related fare with full bus 
competition 
Paxiday in 1998 296,146 
Assuming flat fare at P4.50 (US$O.11) in 1991 
prices, full bus competition 
Paxlday in 1998 279,383 

Source: Heresies of the BOT Kind, Rene Santiago, 
1993 

4. KEY AREAS OF COMMONALITY 

Despite the differences in the financing schemes 
used, it is noticed that the following key incentives 
were given by the governments to attract private sec- 
tor participation in urban rail projects: 

Import tariff exemption 
Tax holiday for a certain period of time 

Foreign Exchange Guarantee (although 
for STAR LRT this was implemented 
by funding in Ringgit on project fi- 
nance basis) 
Interest Rate Guarantee 

Land acquisition for the right of way and other 
pertinent facilities for the operation of the railways 
were performed by the different governments, al- 
though with differing levels of success and effi- 
ciency. 

5. FUTURE DIRECTIONS 

Despite the careful planning prior to the construction 
of the STAR LRT, it would appear that it still suffers 
from low ridership. On the other hand, LRT 3 and 
the Green Line which is projected to carry about 
600,000 passengers per day and 2000 passengers per 
day (in combination with the two other Metros) may 
suffer the same fate. In this perspective, the opera- 
tional sustainability of these rail transport systems 
may be uncertain. Thus, two possible directions will 
be set forth in this paper: One, hat thorough planning 
for the urban rail transport must include a detailed 
study of the various strategies to encourage maxi- 
mum ridership. The other is to tap the ‘newly‘ insti- 
tuted Environmental ODA to fund the infrastructure 
for urban rail transport. The cost for building the in- 
frastructure for urban rail transport is estimated to be 
about 30 to 40% of the total project cost. If this cost 
will be taken out of the total project cost, then the 
pressure to reach a particular level of ridership dur- 
ing the first few years of operation may not be so 
great on the Concessionaire. This will also be in line 
with the Japan‘s June 1992 ODA charter which 
states “Environmental conservation and develop- 
ment should be pursued in tandem”. Increasing the 
use of rail transportation will certainly go a long way 
in controlling vehicular emissions due to excessive 
use of the automobile. Moreover, by using the ODA 
only for infrastructure, the amount required for a 
grant may be not be as much as when the entire pro- 
ject will be funded solely by ODA. Operation of the 
transport system should be by the winning conces- 
sionaire. However, further investigation of ridership 
figures and costing of each project must be con- 
ducted to verify this hypothesis. 
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ABSTRACT: This paper examines the benefits of moving from cordon tolls to congestion pricing in Oslo. It 
is hypothesized that any move to make motorists pay the full social cost of their trips according to marginal 
cost pricing principles, will generate considerable social benefits as compared to status quo. The results indi- 
cate that there is a sound basis for a system with time differentiated tolls with the peak traffic being charged 
higher than others. 

1 INTRODUCTION 

For more than 40 years it has been known that the 
motorists driving in congested road systems do not 
pay the full social costs(Walters, A.A 1968). From a 
social point of view the price of a car trip should 
equal the (social) marginal cost of the trip. In con- 
gested networks the difference between the price 
that the motorists actual pays in terms of operating 
costs of the vehicles, and the marginal social cost, 
can be considerably high, even in the presence of a 
toll cordon system as implemented in Oslo. 

The Oslo toll system was implemented in 1990 to 
generate funds for road investments in the region of 
(about 50% of the projects have been completed). 
The Oslo toll system includes 19 toll stations located 
on all the inbound roads to and through the central 
areas of Oslo. The average fee for a round trip is 
NOK 9 (US$ 1.3). In 1997 the system served a total 
of over 85 million cars, and the operating revenue 
was NOK 737 million. The accumulated revenue is 
more than NOK 4000 million at the end of 1998 
(US$ 666 million). The tolling license is terminated 
in the year 2007. 

The marginal congestion cost for an average 
commuting round trip undertaken in the peak hours 
in the area is estimated to NOK 42 (US$ 7). Thus 
there is a considerable gap between private and so- 
cial costs of rush hour trips in the area. 

In the recent years the Institute of Transport Eco- 
nomics has conducted several studies related to dif- 
ferent aspects of marginal cost pricing of car traffic 
in the Oslo region, both for local and central 
authorities. The most recent study focused on how to 
design a charging system for motorists assuming that 
the present cordon is kept. A second study focused 

on the impact on demand and supply for public 
transport services in the area. 

2 THE MODEL SYSTEM 

To analyze the effects of alternative pricing strate- 
gies for car traffic in the Oslo region, we developed 
an aggregate and zonal based transport model sys- 
tem. The basic idea with this model is the inclusion 
of a departure time choice in the rush hours. Other- 
wise the model is based on a gravity approach for 
trip generation, attraction and distribution (Willum- 
sen & Ortuzar, 1990), and logit models for the mode 
and departure time choice (Ben Akiva & Lerman, 
1985). The model system includes four sub models 
each representing different typical traffic periods in 
the Oslo region. In all models we only model for one 
way trips (not round trips that are the most common 
for this types of models). No connections between 
the sub models are assumed. This is a weakness of 
which its magnitude will become clearer as we pro- 
ceed. 

2.1 Matrix estimation 
Data from a comprehensive travel survey conducted 
in 1992 for the Oslo region, and traffic counts for all 
inbound and outbound traffic passing the city 
boundary (1 997) were used in the matrix estimation. 
These data were combined using entropy maximiz- 
ing techniques to obtain four Origin-Destination (O- 
D) matrices for typical traffic periods as follows: 
a) Morning rush hours (three hours from 6 a.m. to 

9 am), consisting mainly of commuter traffic. 
b) Mid day traffic (one hour representing an aver- 
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sge of the period from 9 a.m. to 3 p.m.). This 
group is a mix of all traffic categories, but is 
dominated by business travel. 
Afternoon rush hours (3 hours from 3 p.m. to 6 
p.m.). This is a mix of traffic dominated by busi- 
ness, commuting and shopping travel. 
Low traffic periods (one hour representing the 
average traffic situation in evenings, weekends 
and holidays), consisting of mostly private travel 
for leisure and visits. 

The four matrices represent all the travel activities in 
the area for the modeled periods (by car, public 
transport, cycle and walk). 

2.1 Logit models for mode split (and depurture 

Based on the generalized costs of travel by different 
modes, a logit model was calibrated splitting the 
matrices into travel by car, public transport and cy- 
cle/walk. There is however a proportion of car and 
public transport riders who can be assumed to be 
inelastic to changes in level of transport service. 
This traffic was entered in inelastic demand matri- 
ces. The two models representing the rush traffic pe- 
riods split the traffic into departure hours (one ma- 
trix for each mode and for each of the three hours of 
the rush periods). The mode specific generalized 
costs for an OD-pair is formulated as: 

c ho ice) 

GCct = pct + pi tt + p c  (act + pct + tct) (1) 

ccwct = pwct  + p d  d ( 3 )  
where t = in vehicle travel time; oc = operation cost; 
pc = parking cost; tc = toll cost; at = auxiliary transit 
time; wt = total waiting time; #i = number of inter- 
changes;fc = public transport fare; and d = distance 
between origin and destination. The subscript t de- 
notes the time period for departure and is only used 
in the two rush hours models. The subscript c, p ,  and 
wc, denotes car, public transport and walWcycle re- 
spectively. The beta and alpha parameters are cali- 
brated. The calibrated parameters imply an implic- 
itly defined (generic) value of travel time in the 
model system of NOK 36 (US$ 6) pr hour. The logit 
model expresses the ni'irket ;hare for tlle !nodeled 
modes of travel (combinations of. nwde and !ra\ el 
departure time in rush hours models) at each (311- 
pair as sho\An in the following expression (market 
share of mode i at departure time f): 

P,, = exp(GC,t)/Lt exp(GCmt) (4) 

This model system is based on the idea of equilib- 
rium between demand and supply. This works 
through the interaction between the car demand and 
the supply, in terms of capacity on the networks and 

in turn generalized cost for car driving. In the rush 
hours models, the demand and generalized cost for 
car in a certain departure hour is first calculated. The 
equilibrium here influences the driving conditions in 
the other departure hours. Thus sub equilibrium for 
the demand for car transport in each of the three de- 
parture hours is calculated several times until a 
grand equilibrium occurs, usually after 6-7 itera- 
tions. 

2.3 The networks 

The networks and models are implemented in the 
EMME12 software package for transport modeling. 
Our networks includes 338 zones representing ori- 
gins and destinations, connected by 15000 links with 
different characteristics, and a varying amount of 
public transport lines (train, subway, tram and bus) 
dependent of the level of service in the period. Dif- 
ferent volume delay functions represents the driving 
conditions on the road network and expresses the 
travel time on each link as a function of free flow 
speeds, number of lanes, capacity, and the traffic 
volumes on the links. 

2.4 Fuel consumption model 

The environmental impacts of congestion pricing in 
this study are limited to the consumption and com- 
bustion of fuel on different parts of the road net- 
works. A very simple model is used to illustrate how 
less congestion could give rise to considerably envi- 
ronmental improvements in terms of reduced fuel 
consumption in the most populated and environ- 
mental sensitive areas of Oslo. The model can be 
expressed in the following way: 

Di = E Xi (1.25 (vi/60 + 6O/vi) - 1.5) ( 5 )  
where Di = fuel consumption at link i; E = minimum 
he1 consumption in liter pr kilometer for an average 
vehicle (0.08 l/km); Xi = traffic volumes on link i, 
and; vi = speed on link i. The parameters 1.25 and 
1.5 is turbulence factors that adjust consumption of 
fuel for the presence of acceleration and retardation, 
stop and start, that is characteristic for trips in urban 
areas. The parameter 60 is the speed in km/h for 
which fuel consumption is at minimum. The pa- 
rameters represents driving conditions in urban areas 
and the composition of the car park in Norway. 

3 ALTERNATIVE DESIGNS OF A FUTURE 
CONGESTION PRICING SCHEME 

The present system (denoted PS in the following ta- 
bles) is simulated with an average toll cost of NOK 
9 pr inbound trip. We assume that this toll cost is di- 
vided equally on the inbound and outbound trip. The 
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public transport in this simulation is assumed to of- 
fer the same level of service as today. The following 
four alternatives is simulated and compared with the 
present s ys tem. 

Alternative 1 (Al): The toll is differentiated 
over the three hours in the morning and afternoon 
rush (NOK 20, 40 and 30 respectively). The toll in 
the mid day periods (incl. Saturdays) is assumed 
to have the same level as today (NOK 9). Between 
4 p.m. and 6 a.m. on working days and in low traf- 
fic periods in weekends the passing is free. 

Alternative 2 (A2): The toll is differentiated 
over the three hours in the morning and afternoon 
rush but with lower fees (NOK 15, 35 and 25 re- 
spectively). Otherwise the fees is the same as AI.  

Alternative 3 (A3): The toll is increased to the 
same amount in each of the three hours in the 
morning and afternoon rush @OK 25). Otherwise 
the fees is the same as A l .  

Alternative 4 (A4): Same as A3 but with free 
passing on Saturdays as well. 

There is a practical problem connected to the 
model simulations of the different schemes. The toll 
stations are located at inbound roads only, and there 

are no plans to charge tolls on outbound roads. Our 
simuiations are best fitted on situations where the 
traffic is charged on outbound trips as well. This is 
due to the very strong assumption that the motorists 
divide the toll cost equally on inbound and outbound 
trips. Thus in our simulations for the rush periods we 
get a distribution over rime of car traffic on out- 
bound trips that is not likely to occur in practice. On 
the other hand one could argue that the choice of de- 
parture time for inbound commuting trips in the 
morning more or less sets the departure time for the 
home trip. The differentiated toll tax in the afternoon 
peak for outbound trips could capture the aspect of 
timing of departure time in this period. 

Another practical problem that rises when a sys- 
tem based on differentiated tolls is to be introduced 
is the timing of the changes in tolls. Alternative 1 for 
instance implies a sudden increasing of taxes from 
NOK 20 to NOK 40. The question is what the be- 
havioral effects of a doubling of taxes would be. To 
circumvent this problem, the exact timing of the 
change of prices could be drawn randomly each day 
from a short time interval around a certain point of 
time when the change should take place. 

In  the simulations of all alternatives the level of 
public transport service is adjusted to satisfy the in- 
creased demand due to more expensive car travel. 

The alternatives analyzed in this project are all 
based on the present cordon. In previous projects 
more sophisticated tolling systems are analyzed. All 
these systems are however far more difficult and 
costly to implement in practice. Perfect marginal 
cost pricing means that motorists instead of the av- 
erage cost of driving is faced with the marginal con- 

gestion cost which varies with the volume capacity 
ratio in time and space. In such a system the level of 
the toll of at trip is not determined until after the trip 
is finished, or at least until all the choices (of mode 
and route) are already made. In practice this type of 
pricing is very difficult to implement. 

Our previous analyses of marginal cost pricing on 
links, such systems are very easy to implement in a 
model, as a considerable proportion of the benefits 
seemed to be connected to the route choice. We have 
also analyzed systems based on zonal tolling. The 
area was divided into several zones and the motor- 
ists were charged when passing each boundary. Such 
a system was however considerably more expensive 
to operate than the present system and the benefits 
did not exceed the benefits of a differentiated toll on 
the present system to any extent. 

4 REVENUES FROM THE NEW PRICING 
REGIME 

One could argue that the introduction of a toll fi- 
nancing system for road investments should be 
based on the idea of user payment. It is of course the 
peak traffic that acquires more capacity on the road 
network. The situation in Oslo is that the traffic in 
peak hours only contributes with one third of the 
revenues collected. Motorists driving in periods 
more or less characterized by free flow of traffic and 
low utilization of road capacity subsidize in great 
degree investments in more capacity on the road 
network in Oslo. 

One of the aims with a change of regime to a sys- 
tem based on congestion pricing is to obtain a more 
appropriate distribution of taxation of the motorists. 
The present level of revenues collected should not 
bee exceeded. Table 1 shows the performance of the 
defined alternatives when it, comes to revenues col- 
lected in different time periods. As can be seen, the 
revenues in the rush hours increases in all alterna- 
tives. These systems are only operated between 6 
a.m. and 6 p.m. in weekdays and between 9.a.m. and 
3 p.m. on Saturdays. There is no longer revenues 
collected in low traffic periods. In A4 the collection 
on Saturdays also is eliminated. This alternative is 
also the one with total revenue closest to the present 
level. The slight reduction of revenue in mid day 
hours is due to improved public transport. ?'his ef- 
fect is explained in the next section. 

5 PUBLIC TRANSPORT 

In Oslo, the traffic situation in the morning peak 
hours sets the dimension in terms of need for capac- 
ity in public transport. A procedure is thus devel- 
oped that increases the frequencies on the transit 
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lines with increased traffic in the peak hours. This 
procedure differentiates between transit lines that is 
a part of the base service (lines that is operated non- 
stop) and transit lines that is just operated in peak 
periods. If the frequency of a line that is a part of the 
base service is increased to satisfy the increased de- 
mand in the peak hours this yield also in low traffic 
periods. This is a great advantage in terms of cost ef- 
fectiveness in the production of the public transport 
service. It is not so much more expensive to operate 
new public transport vehicles all day than it is to op- 
erate them only during a few peak hours (Larsen, 
199). Other effects in addition to satisfi the new 
demand due to increased tolls is that the improved 
level of service also attracts new demand for public 
transport and that it represents benefits for the initial 
public transport users. 

5. I Changes in demand for public transport 

The logit models for the four periods are used to cal- 
culate the changes in demand for public transport. 
The changes are influenced by several 
“mechanisms” with different implications for the 
modeled periods. In the rush hours models the main 
effect is caused by increased cost of car use. This re- 
duces the car traffic and makes the situation better 
for the remaining car traffic (the model iterates be- 
tween demand and supply until the generalized 
travel costs clears the market, i.e. a equilibrium be- 
tween demand and supply in departure hours and on 
modes is obtained). Increased market share on pub- 
lic transport requires higher capacity in public trans- 
port. This demand is met by higher frequencies on 
transit lines that get congested when the toll is in- 
creased. If the lines are part of the base service the 
higher frequency also is offered to public transport 
users between the rush hours. The demand for public 
transport between rush hours increase as a result of- 
this even though the toll is assumed fixed at the pre- 
sent level. In low traffic periods the toll is com- 
pletely removed but public transport is improved. 
The overall effect of this is a slightly reduced market 
share for public transport 
Table 2 shows that the public transport is estimated 
to increase by 4.5% to 6.5% on an annual basis 
compared wit the present situation. The income this 

Table 1 .  Annual changes in revenues from tolling in differ- 
ent periods. Compared to the present system (million 
NOWyear). 

Morning Mid day Afternoon Low traffic Sum 
rush hours traffic rush hours periods 

AI 27 1 -2 197 -257 209 
A2 222 -7 155 -257 117 
A3 213 -2 166 -257 120 
A4 213 -47 166 -257 76 

Table 2. Annual number o f  public transport users (million) 
and changes in different periods. Compared to the present sys- 
tem 

Morning Mid day AAemoon Low traffic Sum 
rush hours traffic rush hours periods 

PS 33 17 3 3  47 130 
AI 13.2% 3.4% 13.7% -2.1% 6.5% 
A 2  10.4% 3.3% 10.7% -2.2% 5.00/b 
A3 9.7% 3.0% 10.5% -2.5% 4.6% 
A 4  9.7% 2.0% 10.5% -2.5% 4.5% 

Table 3. Annual changes in income from public transport in 
different periods. Compared to the present system (Million 
NOWyear). 

Morning Mid day Afternoon Low traffic Sum 
rush hours traffic rush hours periods - 

-13 139 A I  70 10 73 
A2 55 9 57 -14 107 

-16 101 A3 52 9 57 
A4 52 6 57 -16 98 

generates for the public transport companies is 
shown in table 3. 

5.2 Income and operation costs 
The table shows that income from public transport is 
estimated to increase the most in rush hours. Income 
drops significantly in low traffic hours when the toll 
is eliminated. 
The income in public transport is relatively easy to 
estimate once we have estimated the effects on de- 
mand. This is far form the case with the operation 
costs. The following formula is suggested for calcu- 
lation of time and distance dependent cost 

C ,  = CL (vL T~ + dL vL 60/hL) (6) 
where C, = total operating costs in an hour t; vL = 
number of vehicles needed to operate the transit line 
L;  T‘ = cost pr hour for line L;  dL. = total distance of 
line L;  6L  = cost pr km for line L;  h‘- = time of a 
roundtrip with line L. The first component of (6) ex- 
presses the time dependent cost of operating a transit 
line, and the second component expresses the dis- 
tance dependent cost. 

The first component of (6) is dominated by the 
wage for the operator of the vehicle, and the second 
component contains costs of fuel, oil. etc. The cost 
of positioning of the vehicle is not included. The 
unit costs vary by type of vehicle. The summation 
over all transit lines gives the total operating costs in 
hour t. 

The fixed cost of public transport is assumed con- 
stant except of capital costs that are calculated on the 
basis of the need for investments in extra vehicles. 
In the different analyzed alternatives there is a need 
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Table 4. Annual changes in operation costs of public trans- 
port for different periods. Compared to the present system 
(Million NOWyear). 

Morning Mid day Afternoon Low traffic Sum 
rush hours traffic rush hours periods 

A1 32 33 32 67 164 
A2 29 31 29 63 151 
A3 26 27 26 56 135 
A4 26 28 26 56 136 

for between 122 and 142 new vehicles or 
traidtradsubway sets. The capital costs however 
are difficult to trace back to a certain operating pe- 
riod and are therefore omitted in table 4 below. 

The table shows that the increased cost of operat- 
ing the public transport exceeds the increased in- 
come. In the rush hours the increased costs are lower 
than increased income. This is however just a part of 
the picture. In all transport, but especially in public 
transport, the users carry a big share of the total pro- 
duction costs. The next section focuses on the over- 
all benefits from the different tolling schemes and 
their implications. 

6 A SOCIAL BENEFIT MEASURE 

Larsen (1 998) suggests the following expression as a 
measure of social benefits from different transport 
policies: 

+ Revenues form “congestion pricing” 
+ Income from public transport 

All the components of this expression are already 
accounted for in the previous sections except for the 
term “consumers surplus”. In cost-benefit analyzes 
of transport projects consumers surplus very often is 
the most important component on the benefits side. 
To estimate the user benefits “the rule of the half’ is 
often applied. A change in consumer’s surplus in 
this method is estimated as changes in generalized 
cost times the average demand before and after the 
introduction of the project as shown in (8). 

“Consumers surplus” 

- Operating cost for public transport (7)  

CS = ‘/z (GCI-GCo) (Xli-Xo) (8) 
where GCO = generalized costs before implementa- 
tion; GC, = generalized costs after implementation; 
,Ir,) = demand before implementation: ,Y, =demand 
after implementation. In our analyses however there 
are changes in generalized costs both for motorists 
and for public transport users. In the rush hours 
models the changes also vary with departure time. 
Thus we have applied an alternative method of esti- 
mating the consumer’s surplus, based on the well- 
known property of the logit model. Changes the log- 

sum of the logit model is as de la Barra (1989) 
amongst others point out conceptually equivalent to 
the traditional consumer’s surplus indicator shown 
in (8). The logsum can be expressed as 

(9) 
where GCit = is the generalized costs expression in 
the model for mode i at departure time f shown in 
(l) ,  (2) and (3); pc = the model parameter for mone- 
tary costs. 

Table 5 summarizes the calculation of con- 
sumer’s surplus made for the alternatives analyzed 
in this project. As we can see the commuters in the 
rush hours is worse off in all the alternatives. This is 
of course due to the increased tolls, which negative 
effect is larger than the positive effect of a better 
public transport system. The traffic in mid day peri- 
ods is better off due to better public transport and 
slightly improved accessibility on the road network. 
The toll in this period is left at the present level. The 
traffic in low traffic periods is much better off manly 
because of free passing of the toll cordon. 

The negative effects in rush hours are of course 
the reason why this type of policy for a long time 
has not been acceptable amongst politicians, 
authorities and the general public. The effects of the 
alternatives to this type of policy (increased road in- 
vestments, more car traffic, wider commuting areas, 
etc) seems however to get more attention as the 
years go by and car traffic increases. 

The overall effect of the analyzed alternatives, 
calculated by (7) is shown in table 6. The values 
shown for the present situation (PS) for toll revenues 
and income and costs of public transport coincides 
remarkably with the actual figures in the Oslo re- 
gion. In the table we have also included the capital 
cost and the estimated changes in this due to invest- 
ments in new vehicles to meet the new demand. 

The figures in table 6 suggest that all the analyzed 
alternatives are protitable from a social point of 
view. Ideally one should choose the most profitable 
amongst them. It seems however that A4 is the most 
likely to be implemented. This alternative avoids the 
problems of timing of the changes of the toll, and 
implies less increased revenues, both factors impor- 
tant to local authorities and politicians. 

Table 5. Annual changes in consumer’s surplus for the alter- 
native systems. Compared to the present system (Million 
NOWyear). 

Morning Mid day Afternoon Low traffic Sum 
rush hours traffic rush hours periods 

A I  -178 24 -184 351 13 
A2 -134 23 -136 349 102 
A3 -134 22 -143 345 90 
A4 -134 68 -143 345 135 
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Table 6. Annual social benefits for present system and 
changes in benefits for the alternative systems (Million 
NOWvear). 

AI A2 A3 A4 
"consumers surplus'' 13 102 90 135 
toll revenues 209 117 120 76 
income PT 139 107 101 98 
operating cost PT -164 -151 -135 -136 

Sum 174 155 158 155 
capital cost PT -24 -20 -18 -18 

Table 7 .  Annual amount of fuel consumption (million liters) 
in different parts of the area in different periods and changes 
connected to the alternative systems (Million liters pr year). 

Total In rush Inside cor- Inside cor- 
hours don don inrush 

hours 
PS 637 215 236 82 
AI -4.7% -14.0% -5.8% - 18.0% 
A2 -3.7% - 1 1.3% -4.6% - 14.5% 
A3 -3.6% - 10.9% -4.4% - 1 3.9% 
A4 -3.5% - 10.9% -4.2% - 13.9% 

7 ENVIRONMENTAL PERFORMANCE 

In table 6 there is no explicit valuation of the envi- 
ronmental performance of the alternatives. In Nor- 
way the tax on fuel and vehicles is amongst the 
highest in Europe, perhaps even in the world. Over 
65 % of the price of fuel are special taxes. It is there- 
fore often argued that the taxes exceed the average 
negative external effects from car traffic in Norway. 
The Oslo region is however the densest populated 
area in Norway, with a large proportion of the 
population exposed to the local pollution from the 
traffic. Even though the environmental cost of car 
traffic is internalized by taxes, which is a subject for 
discussion, the environmental performance is of 
great importance and interest for the public. 

Table 7 shows the results from the fuel consump- 
tion model described in section 2.4. Again, the fig- 
ures for the present situation coincide satisfactorily 
with fuel sales figures in the region. As we can see 
the consumption on the road network inside the pre- 
sent cordon, which is the most sensitive area, is re- 
duced by 14 YO to 18 YO in rush hours. The reduction 
of fuel consumption for the whole area is calculated 
to between 10 ?40 and 14 YO in the rush hours, whilst 
the annual reduction for the whole area is ca 4 %. 

8 CONCLUSIONS 

The Oslo Cordon toll system, in its original form 
was designed to collect funds for road investment 

purposes. Increasing environmental problems caused 
by road traffic within the inner city raises the ques- 
tion as to whether motorists should be made to pay 
the full social cost of their trips. Both the local and 
central authorities are looking for ways to deal with 
the Oslo problem. Specifically, the question that is 
being raised is whether a move towards optimal 
congestion pricing would generate any benefits 
worth consideration. 

In this paper, we have demonstrated that such a 
move will generate significant social benefits worth 
consideration. Specifically, we have shown that a 
move from cordon tolling towards congestion pric- 
ing will: 

(i) Raise the revenue substantially as compared to 
the current situation. This is because in a conges- 
tion pricing regime, the peak traffic is taxed more 
in line with marginal cost pricing as compared to 
the current situation where peak traffic contributes 
with only one third of the total revenue collected. 
(ii) Optimal congestion pricing increases the costs 
of car use and hence reduces the traffic volume. 
This in turn leads to increased demand for public 
transport as well as reduction of travel time for the 
remaining traffic. Increased demand for public 
transport imply increased income for public trans- 
port. Arguably, congestion pricing leads to im- 
provement of the environment as it reduces car 
traffic. 
(iii) Even though the cost to public transport will 
increase, the sum of consumer surplus and income 
to public transport will be very large to offset it. 
Thus the total social benefit for moving from cor- 
don toll to congestion pricing will be greatly posi- 
tive. 

a number of 
points that are of direct relevance for marketing of 
congestion pricing in Oslo. The bottom line is that a 
move from current cordon toll to congestion pricing 
will improve both the environmental quality and the 
quality of transport services in the region. 

Our study has thus identified 
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ABSTRACT: Planners often use land price models as tools to support coordinated land use-transportation 
planning, and as instruinents to measure the benefits of land use and transportation improvements, particularly 
when considering a value capture approach to alternative taxation possibilities. In this paper, we present a 
land price model characterized by the use of spatial data in a spatial context, by tlie use of a spatial association 
parameter and a formal definition of neighborhood that we interpret as elements of an economic externality. 
Our model analyzes the effects of some usual land use and accessibility variables, and the inagnitude of 
external economies affecting prices using a spatially switching autoregressive model. Using as a case study 
the city of Seiidai in northeastern Japan (pop. about 1 million), we find considerable presence of spatial 
external econoinies, and heterogeneous effects of the price deterniinants between the CBD and the rest of the 
city. 

RESUME: Les urbaiiistes utilisent souvent les modeles de prix du sol coiiiiiie outils pour eiitretenir uiic 
planification coordonnee utilisation du sol-transport, et coiiime instruments pour mestirer les benefices de 
l’utilisation du sol et l’amelioration du transport, particuliereiiient en consid6rant une approche de Ia valeur 
capturee aux possibilites de taxation alternative. Dans cet article nous presentons un iiiodele de prix du sol 
caracterise par l’utilisation des donnees spatiales dais  uii context spatial, por l’utilisation d’un parametre 
d’association spatiale at uiie definition forinelle du voisinage que nous interpretons coiiiiiie des elements 
d’une externalite econoiiiique. En utilisant coinine cas d’etude la ville de Sendai dans le iiord-est du Japon 
(pop. environ 1 million). nous trovoiis une presence considerable des economies exteriies de l’espace et des 
effets heterogenes des determinants de prix entre le centre et le reste de la ville. 

RESUMEN: En plaiiificacion urbana se suelen usar niodelos del precio de 10s suelos como uii apoyo a la 
elaboracion de planes coordinados de LISO de suelos y transporte, para niedir el inipacto del us0 de suelos y el 
transporte, y para estudiar alteriiativas tributarias. Eii este articulo presentamos un iiiodelo caracterizado por el 
us0 de iiiforiiiacioii espacial en un context0 espacial, y por el us0 de uii parametro de asociacioii espacial y 
una definicioii formal de veciiidario que interpretanios aqui coin0 eleinentos de una econoiiiia externa. El 
rnodelo aiializa 10s efectos de algunas variables coinunes de us0 de suelos y accesibilidad a1 traiisporte y 
tanibien la magnitud de las economias externas que afectaii a 10s precios. Estudiando la ciudad de Seiidai en 
el nordeste de Japoii (pob. cercana a1 millon), revelainos la existencia de considerables econoniias externas. 
adenias de efectos lieterogeneos de las variables eiitre el ceiitro y el resto de la ciudad. 

Urban planners and policy makers interested iii 

coordinated land use and transportation studies often 
support their work with empirical evidence provided 
by land price models. These models are frequently 
obtained under the hedonic approach framework, 
which quantifies the implicit price of non-marketed 
good characteristics such as accessibility or 
environmental attributes. Examples of the use of 
land price models in transportation planning include 
ineasuriiig the benefits of railway infrastructure 
improvements on land prices (Pior et al. 1998), and 

tlie study of alternative taxation possibilities to 
fiiiance roadways based on the concept of value 
capture (Cervero & Susantono 1999). 

Iiiiplicit prices for different characteristics are 
econoinetrically estimated by means of regression 
analysis, paying attention to structural and 
environmental attributes, and in particular to 
externalities for which, by definition, no marltets 
exist. However, for soine reason most studies have 
focused on the effect of negative externalities, such 
as einissions from stationary sources and traffic 
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congestion, while positive effects resulting from 
proximity to other activities have been, with a few 
exceptions (see for iiistaiice Dubiii 1992), largely 
ignored. Tlie treatment of spatial effects in 
ecoiioinetric models was motivated, in tlie first 
place. by methodological coiiceriis derived from tlie 
use of spatially associated data for model estimation 
aiid tlie well-known estimation pitfalls that result 
froin such practice. Spatial error autocorrelation aiid 
structural iiiodel instability over space, for instance, 
are two current topics in empirical research 
(Goodman 1996). I-Iowever, tlie interpretation of 
spatial effects as a form of external economy lias 
been, in  our opinion, understated, in spite of tlie 
coiiceptual richness of tlie approach. 

Tlie purpose of our study is to aiialyze tlie effects 
that a iiuiiiber of variables depicting land uses and 
accessibility to transportation facilities have on land 
price determination. We pay particular attention to 
tlie existence of spatial externalities, that is, 
situations where an economic agent is affected by 
decisions made by others (Cornes, R. & Sandler, T. 
1996). We part from tlie liedonic appmach linked to 
a iiiodel of economic externalities, and then proceed 
to estimate a11 econometric model that includes a 
spatial association parameter and a forinal definition 
of iiei g h bo 1-11 o o d. 

Tlie case study is Seiidai City, a typical middle 
sized city in northeastern Japan, for which we find 
evidence of a strongly inonocentric spatial structure. 
We show that tlie effect of accessibility to 
transportation is heterogeneous between tlie CBD 
and the periphery, where two emerging subcenters 
locate, and that land use distribution also exerts 
different ef’fccts in tlie two regions. Moreover, we 
show that spatial exteriialities are smaller in tlie 
CBD, reflecting decreasing returns in an area nearly 
saturated and where tlie effect of proximity to other 
activities loses some of its relative importance. 

1 FORMULATION OF THE MODEL 

I .  1 The Iiedonic cqq~r~czch 

Tlie liedonic approach is a method in planning used 
to measure tlie implicit price of different attributes 
of a real state site. Price function p is given in terms 
of a vector Z of neigliborliood and structural 
Characteristics, such as accessibility to traiisportatioii 
infrastructure, air quality and size of the lot: 

Rosen (1974) lias shown that a conventional 
utility iiiaxiiiiizatioii problem underlies the price 
function, aiid that it represents tlie envelope of 
demander’s iiiargiiial bids. In other words, tlie 
individual agents niaxiinize utility function U(c, Z) 
subject to budget constraint: 

m= c +p(Z) (2) 
with m as tlie budget given in terms of units of 
composite good c. When consuming optimum 
quantities, utility is maximized aiid tlie niiiiiiiiuni 
price they face is p(Z), given by tlie liedonic price 
function. 

I .2 Economic externcrlities model 

Although land price determination is iiiflueiiced by a 
number of external conditions, soiiie of these, such 
as land use at iieigliboring locatioiis and others, are 
specifically spatial. It  is our assumption here that 
said coiiditioiis are implicitly represented by land 
prices, which in  turn constitute an indicator of 
iieigliborliood quality in general. That is, we suppose 
that demanders, in addition to being interested in X 
local characteristics such as accessibility to 
transportation aiid land uses, also care about 
proximity to other locations and tlie perceived level 
of consumption and quality there as measured by tlie 
prices. 

More formally stated, tlie prices p, (j# i )  enter tlie 
iiiodel tlirougli tlie utility function at i as a spatial 
external effect, that we distinguish from otlier 
characteristics as fo 110 w: 

U,= U I ( C ,  xi; P I ,  . , PI-/> Pi+/, 9 PI,) ( 3 )  
Tlie above utility fhiction corresponds to a model 

of general externalities (Coriies, R. & Sandler, T. 
1996), except that tlie consumption level of this 
particular characteristic at location i does iiot 
directly enter tlie utility function (it does indirectly 
as a result of regional dynamics). Tlie above 
function is maximized subject to tlie usual budget 
constraint, and results, following tlie logic behind 
tlie hedonic approach, in price function at location i 
as : 

I-)I=P,(Pl,.,.rpI-l,PI+I ,..., P l 1 ,  XI> (4) 
or in aggregated forin as: 

with scalar PE, being tlie aggregated, location 
specific form of tlie spatial externality. We 
conceptualize tlie aggregation of this term as being 
additive to give a neighborliood average, and 
weighted according to soiiie fLtiiction of distance, so 
that tlie perceived influence of closer locatioiis is 
greater than that of far away locations. This is 
discussed in tlie following sections, in relation with 
the econometric representation and tlie estimation of 
the price function. 

1.3 Econometric model 

Tlie price function given by equation 5 can be 
represented using a spatially autoregressive model. 
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Models of this kind were originally proposed as a 
solution to tlie estimation problems that arise when 
using autocorrelated spatial data (Cliff & Ord 198 l), 
but more recently have been used in the analysis of 
public good problems (Murdocli et al. 1993; 1997). 
The following regression specification is used to 
represent tlie price funtioii (in matrix form; see 
Aiiseliii 1988): 

P = pPI1: + xp + E = pWP + xp + E (6) 
with vector PE= WP as tlie aggregation of economic 
externality in equatioii 5 .  Tlie structure of tlie 
variaiice is given by: 

E [E E’] = Q (7) 
In tlie above equations P and PE are vectors ( n x l )  

of land price observations and spatial externality 
terms. X is a matrix (n  x k)  of k variables 
(characteristics) that include tlie usual constant term 
for tlie mean, while vector p ( k x l )  are k parameters 
associated with the cliaractersitics. Element p is a 
spatial association parameter that defines tlie 
magnitude of tlie external effect (in this case the 
iiiargiiial price) in tlie neigliborhood of a location, 
defined by tlie matrix of spatial interactions W (nxn )  
used to formally give a spatial structure to the region 
(see section 3.1). Vector E is a set of stochastic 
disturbances. aiid heterogeneity can be introduced in 
tlie variance structure for residuals SZ. 

2 CASESTlJDY 

2.1 Description ojthe city 

Seiidai City is the capital of Miyagi Prefecture in 
northeastern Japan, one of tlie country’s 10 largest 
cities with a population of 1 million, and a pole of 
regioiial growth with a strong commercial and 
industrial standing aiid a number of major 
universities. 

Predominantly inonocentric in its structural 
shape, Sendai is served by radial rail transportation, 
with urban railway lilies in  the south-north and east- 
west axes, aiid a subway line that runs in the south- 
north axis. In addition to tlie central business district 
near Seiidai Station, there are two rapid growth 
subceiiters in the surroundings of Izuini Station to 
the north, and Naganiaclii Station to tlie south (Fig. 
1 a). 

2.2 Data und variable dejinitions 

We used two sources of data. Land price data was 
obtained from tlie 1996 Land Price Map published 
by Seiidai City’s Information Office (scale 
1 :50,000). Land use and demographic data was 
taken from tlie 1995 Basic Plaiiiiing Survey for 
Seiidai Metropolitan Area. This information was 

handled with a GIS, and other variables were 
produced using GIS operatioiis such as distance 
calculations and map overlays to obtain dummy 
variables. 

Variable selection reflects tlie primary interest of 
tlie study, and includes, in addition to land prices. 
accessibility to transportation (distance to station), 
and other land use and demographic variables to 
measure tlie intensity of land use activities. In order 
to investigate the influence of the two subceiiters i n  
tlie empirical section, we decide to introduce 
variables depicting distance to each station. The 
variables and units are as follow: 

Land price (P; 10,000 hi’) 

Distance to CBD (DIST; in this case distance to 
Seiidai Station in in)  

Distance to Izumi Station (DIST-IZ; in)  

Distance to Nagamachi Station (DISTNM;  in )  

Distance to nearest subway or train station. 
calculated using a GIS (DISTN; in) 

Land use dummy (LUDUMMY; 1 if commercial 
use, 0 else) 
Perceiitage of commercial land use area by zone 
(CommPct) 
Percentage of residential land use area by zone 
( 130 U se P c t ) 
Population densities by zone (PopDen; hab/km’). 

2.3 Exploratory cinu1ysi.s of the data 

Before proceeding to model estimation, tlie land 
price data was examined using spatial statistical 
tests, to find that it presents a high degree of spatial 
autocorrelation, as measured by Moran’s I statistic 
(Cliff, A.D. & Ord, J.K. 1981). More interesting, 
however, was tlie application of Getis and Ord G, 
local statistic of spatial autocorrelation (Getis, A. & 
Ord, J.K. 1992) to identify hot spots of spatial 
association. In this context, the G, statistic is 
interpreted as giving tlie locations where the value of 
a cluster of land price observations is significantly 
high or low, thus appearing as an ideal tool to 
identify urban ceiiters and sub-centers. 

Details of tlie exploratory analysis can be found 
in  Paez (1998), but tlie relevant result is that 
observations can be classified in two groups 
according to their location. Tlie first group (60 
observations) corresponds to tlie area of the CBD, 
where a cluster of high valued observations is found, 
while tlie second (4 19 observations) comprises tlie 
rest of the data set (Fig. lb). This confirms that tlie 
spatial structure of land prices in Sendai is 
inonocentric, aiid also that tlie prominence of the 
two aforementioned emerging subceiiters 
significant from a regional perspective. 

is not yet 
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Figtire I ,  Sendai City: a) railway and subway network; b) land price observations and classifications: CBD and non-CBD 

Figure 2. Relative size of neighborhood average price 
compared with price at location pi (CBD; W with 
4 =650) 

3 ESTIMATION OF THE MODELS 

3.1 Definition of neighborhood and aggregation oj  
e jfects 

Estiinatioii of a spatially autoregressive model 
iiivolves the selection of spatial interactions matrix 
W in  equation 6 to forinally define tlie concept of 
iieigliborliood and aggregate tlie effect. This is a 
square matrix of size n (the number of observations 
in tlie sample), where tlie rows aiid columns relate 
each to a single observation, aiid tlie values in row i 
and column j represent the relative iiiflueiice that j th  
observation has on itli observation. 

The values in tlie matrix are positive for 
interacting location pairs, and 0 in the diagonal (by 
definition a locatioii does not interact with itself) and 
everywhere else. Since all tlie values in W are 
positive, the sign of parameter p (eq. 6) is expected 
to reflect the overall effect, something that might 
appear as a limitation of sorts. Alternative studies 
might resort to other options to allow localized 
analysis (see for instance Paez et al. 1999). Under 
tlie approach taken here, tlie neighborhood of an 
observation is given by tlie distribution of interaction 
values along its corresponding row. 

It is customary to 'row standardize' matrix W for 
ease of interpretation (when multiplied by vector P it 
gives tlie average value in tlie neigliborhood of each 
location), and to allow comparison among different 
matrix definitions. To row standardize a matrix, the 
individual entries are divided by tlie sum of their 
respective rows, so that each row adds up to one and 
the sum of all elements i n  W is n: 

W/)I = It)// I 1 / MJ/, 
Cl MJ; = 1 (9) 

(8) 

In the case of studies where tlie interactions are 
physical flows, a uiiivocal definition of matrix W 
can be obtained (see Murdocli et al. 1997). However. 
when more subtle, non-physical economic effects 
are in operation, an ob-jective pattern of interactions 
is more difficult to obtain, aiid its definition largely 
becomes an empirical matter. It is generally agreed 
though, that the perceived strength of interactions 
decreases with distance, and that tlie set of 
interacting observations will define the 
neighborhood of a location. We select a negative 
exponential distance decay scheme to define W: 

w , ~  = exp(-u" I 14 ' )  (10) 
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Here dV is the distance between locations i and j ,  
and 4 is a parameter that controls tlie steepness of 
tlie distance decay curve. To select a matrix we 
estimate the models using different values of 4.  
trying to minimize the value of Altailte's Information 
Criterion (AIC), after Murdoch et al. (1993) and 
Taltatsuka (1 998). For technical details regarding the 
matrix of interactions, see Cliff & Ord (1 98 1). 

Figure 2 shows for the CBD the relative size of 
tlie spatial external term PO, by comparison with the 
price at tlie location. In many cases, the average 
price in the 'neigliborhood' amounts to about the 
price at the location, but this influence in the model 
is fktlier reduced when multiplied by estimation 
parameter p (eq. 6). 

3.2 Spatially autoregressive model 

Following, we estimate the econometric model that 
represents the hedonic price function. The form of 
the model is the spatially autoregressive 
specification given by equation 6, under tlie 
assumption of homogeneity, that is f2 = 21 in 
equation 7. 

Two models were estimated, one using tlie 
complete data set comprising 479 observations 
(model l ) ,  and other using the subset of 60 
observations corresponding to CBD locations 
(model 2; see Fig. 1). Estimation of these models 
follows the procedure outlined in Aiiselin (1988), 
which as part of inference includes a Lagrange 
Multipliers (LM) test against residual spatial error 
autocorrelation. Parameter 4 reported is the value 
used to calculate the elements of matrix W (eq. 10) 
that minimized the AIC (i.e. maximized the 
likelihood). 

We caii observe from the estimation results 
appearing in Table 1, that a number of parameters in 
model 1 are not significant, but the signs of the 
significant parameters are satisfactory, including that 
for the spatial association parameter p that 
represents positive spatial external effects. The 
model, however, fails the test against spatial error 
autocorrelation (LM statistic), and therefore is not 
considered to be valid. 

Comparing models 1 and 2, notorious differences 
caii be observed between parameter values and even 
signs for corresponding variables. This discrepancy 
between models suggests that there might be an 
element of model structural instability due to the 
existence of strong spatial heterogeneity, which 
leads to the idea of conducting a switching 
regression using two spatial regimes to overcome the 
problem of residual spatial autocorrelation. It is 
interesting to notice that the term p for spatial 
externalities is not significant when using the CBD 
data alone, reflecting decreasing returns in an area 
reaching saturation. 

'Table I .  Estiiiialion of Spatially Autoregressive Models (SAM) 

1.M Stntisl lc I 9 659 * *  (1' with I DF) I 0 08 (x' with 1 DF) 
~'gnll lc;lncc * *  I 'h '. >?<, 

3.3 Spatially switching spatially autor.egressive 

Results obtained for models 1 and 2 suggest that 
there is an element of heterogeneity in the data, 
which might be at the root of spatial error 
autocorrelation in model 1 .  A solution to this 
problem is to estimate a switching regression. a 
method applied in situations where tlie data can be 
classified in a siiiall number of heterogeneous 
regimes, as is the present case if we use the 
locatioiial classification resulting from the analysis 
of land price data. 

Estiinatioii of a switching regression under a 
spatial framework caii be done as follows, defining 
C (for CBD) and N (for non-CBD) as the different 
spatial regimes: 

model. 

Here the vector aiid matrix of observations have 
been rearranged aiid partitioned according to the 
locatioiial classification, either as CBD or non-CBD 
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observations. Matrix W is similarly rearranged, to 
match the observations in PC and PN. In such a niay, 
an independent set of parameters (PC and P,v) can be 
obtained for each spatial regime, thus 
simultaneously addressing the issue of model 
structural instability. 

Tlie above specification introduces heterogeneity 
in the structure of tlie variance, and is applicable to 
our model of externalities since it is identical in forin 
to equation 6. Estimation of this model closely 
resembles tliat of a spatially autoregressive model, 
and the technical details of estiiiiation and inference 
can be found in Paez (1 998). Results for this model 
appear in Table 2. 

As before. we find significant presence of 
positive spatial external effects (p’ 0.259). This 
means that proximity to other activities is seen as an 
asset and, according to our expectation, receives a 
positive valuation in tlie flinction of implicit prices 
of about 26% of the average price in tlie 
‘neigliborliood’ of the location as defined by matrix 
W. 

An interesting result of estimating a switching 
regression is that we find heterogeneous effects 
between tlie CBD aiid tlie rest of the city. In the 
central district, proximity to Seiidai Station results in 
higher prices, whereas proximity to tlie two 
subcenters has tlie opposite effect. This is reversed 
in tlie rest of tlie city, where we find that distance to 
Seiidai Station is iiot a sigiiificant determinant of 
price, but proximity to tlie subcenters commands 
higher values. This appears to imply the existence of 
an attraction-repulsion effect between rival business 
centers. 

We also h i d  that the parameter for distance to 
nearest station is iiot significant as a determinant of 
prices in  any region, which seems to confirm the 
doiiiiiiance of tlie three main business centers. Under 
other circunistaiices and defintioiis of matrix W, we 
have found that inclusion of this variable, in  addition 
to iiot being significant, introduces noise in the form 
of spatial error autocorrelation (Paez et al. 1999) 

In terms of land uses, we show that commercial 
uses in tlie periphery receive a premium iiot found in 
tlie CBD. Since coininercial uses dominate this 
region of tlie city, it is natural that there is no 
premium for new commercial development here. 
The effect of different land uses, on tlie other hand, 
is not relevant in  the CBD and gives contrasting 
results in  tlie rest of tlie city: more intense use of 
land for commercial purposes increases tlie price, 
while denser residential coverage decreases it. 
Finally. population density has opposite effects in 
the two regions, being beneficial in tlie suburbs, but 
not so in tlie CBD. 

A Chow test, modified to take into account the 
spatial effects, re-jects tlie hypothesis that parameters 
are statistically equivalent in both * regions, thus 

coiifiriiiing tlie model’s structural instability, and tlie 
validity of tlie previous analysis. Tlie model is also 
valid in tlie sense that no residual spatial 
autocorrelation was detected, as shown by the LM 
test. 

4 CONCLUSION 

External economies are a coinmonplace occurence 
in urban settings, aiid land price models used to 
study tlie influence that transportation aiid land have 
in tlie price determination often consider them when 
quantifying implicit prices of structural and 
environmental attributes. 

In this study we turned to tlie usual liedonic 
approach, but liiilted it to a model of external 
economies that justifred the use of a spatially 
autoregressive model of land prices. Tlie 
autoregressive structure was interpreted as a form of 
external economy in which proximity to other 
activities results in positive spatial spillovers. 
Although neigliborhood effects are recognized as 
important determinants of land prices, few studies 
approach the issue making use of formal definitions 
of neigliborhood and spatial proximity. Our 
approach to the problem tacltles technical issues, 
such as residual spatial autocorrelation and structural 
instability. and also offers a meaningful economic 
interpretation to tlie spillovers. 

Two model forms were tried, but tlie oiie 
ultiinately accepted was a spatially switching 
autoregression. This form includes the spatial 
elements needed to represent tlie economic 
externality, and in addition separates the data into 
two different spatial regimes, so that we could 
discriminate between parameters for locations in the 
CBD and tlie rest of the city. We found that external 
economies in  space exist, and that tlie relationship 
between prices and characteristics are assyinetric in 
a number of cases, which helps to clarify tlie role of 
different variables in tlie two regions, aiid also 
perhaps the effects of zoning. In conclusion. our 
work examplifies a spatial inodeling tool that 
considers externalities, wliicli we believe can 
substantially contribute to support tlie practice of 
land use and transportation planning. 
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ABSTRACT: The concept of flat tariff and the mechanism of the Tariff Compensation Chamber for public 
bus transport are measures that have been used with success in some Brazilian cities, under a regulation 
defined to plan and establish adequate levels of service in accordance with the concept of public service, 
respecting the financial balance of the operators when defining the methods of operational costs and capital 
reimbursement. The legal marks and respective economic regulations are analised and compared for two 
Brazilian cities-Belo Horizonte and Petropolis-which have different areas, population, morphology, type 
of bus net and institutional organisation, evaluating the type of reimbursement which characterises each 
system, establishing a comparative analysis seeking to identify the efficiency, complexity and 
representativeness levels of each case analised. 

RESUME: L’adoptioii du tarif unique aiiisi que le mecanisme d’equilibre multi-entrepreneur appelle Cliambre 
de Compensation Tarifaire aux services de transport en commun ont ete deux iinportants instruments utilises 
avec du succes dam certain nombre de villes et d’agglomerations urbaines bresiliennes ou les services sont 
dklegues A des entreprises privees. Les deux instruments sont places dans un cadre reglementaire qui vise a la 
fois plaiiifier et Ctablir de niveaux de services acceptables par de couches sociales moins aisees et a la fois 
manteiiir l’equilibre ecoiiomique et financier des exploitants prives. Cet etude est une comparaison des cadres 
legal et reglementaire de Belo Horizonte et Petropolis, deux differentes villes bresiliennes en ce qui concerne 
le space urbain, population, niorpliologie, taux de couverture du reseau et organisation institutionelle du 
transport eii coniniun. On evalue ses modeles de payment aux entreprise et on comparare ses differents 
iiiveaux d’efficacite, complexite et.representation. 

RESUMEN: Para el traiisporte por autobiis de varias ciudades del Brasil la tarifa unificada y el niecanismo de 
Carnara de Compensacion Tarifaria lian sido niedidas adoptadas con exito, bajo reglamentacion para 
establecer niveles de servicio adecuados y con el concept0 de servicio publico con tarifa social, respetaiido el 
equilibrio financier0 de 10s operadores a1 definir la remuneracion del capital. Se aiializan y comparaii 10s 
marcos legales y la reglamentacion economica en 10s casos de Belo Horizonte y Petropolis, ciudades con 
difereiite area, poblacion, niorfologia, cobertura de red y organizacion institucional, evaluando 10s tipos de 
rernuneracion para identificar 10s niveles de efiiciencia, coniplej idad y representatividad de cada caso. 

1. INTRODUCTION services wcre strongly influenced by the State, not 
only in their planning, but especially in their 

Although Latin American countries present operation. They also have in common a growing, 
important socioeconomic differences, their history and finally dominant, presence of the private 
of public bus transport services has soiiie significant initiative, either in an atomized form with relatively 
elements in coininon. After their- crcation, which independent individual operators-a predominant 
began iu a more or less spontaneous maixier, these situation in a great number of cities (like in La Paz, 
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Quito and Linia)--or with small businesses (like in 
San Jose, for example), and even with the 
consolidation of large production units, with 
complex structures (like i n  Rio de Janeiro, S2o Paulo 
and Buenos Aires), with a total disappearance of the 
State in the operative fhct ion,  and even perhaps in 
that of planning. 

Such different dominant forms of 
entrepreneurship also mean different types of 
relationships between the Public Organisations 
responsible for transport and the private operators, 
who act as delegates of the public fiinction, which 
can go from the formality that involves such 
relationships and tlicir legal mark, up to the 
definition of different types of contracts, with tlie 
effective practice of this regulation. 

Contrasting with the majority of the existing 
systems in other Latin-American countries, in 
Brazil, bus transport in the cities of large and 
medium transport capacity is characterised by being 
operated by formal, private companies with great 
entrepreneurial dynamism. 

The Brazilian companies are large because, in  
one way or another, the Brazilian State has always 
(at least since the 50s)  protected them through a 
regulation which, among other things, aimed 
exactly at creating strong companies. In  the cities of 
other Latin American countries, on the contrary, this 
type of protection did not occur: they suffered 
constant tariff lags; only low investments were 
tolerated, allowing for the use of old gasoline 
vehicles; in  some cases, they were obliged to keep to 
a small-size business etc. 

The especial importance of this work lies in the 
analysis and understanding of the insertion of these 
production units within the context of tlie State’s 
presence, in  order to guarantee a service that is 
socially acceptable, keeping control over the 
economic regulation of the collective transport 
industry, i.e., by keeping the capacity to define the 
trinomial quantity-quality-price, in order to prevent 
private companies who receive concessions from 
operating through the use of monopolistic power, 
intrinsic to this type of service. 

This work shows a conceptual description of the 
mechanisms of the tariff compensation and costs 
reimbursement used in  Brazil. Its empirical 
coinpleinentation covers the cities of. Petropolis, in  
the State of Rio de Janeiro. and Belo Horizonte. in 
tlie State of Minas Gerais - which show different 
characteristics of population, area, topography, 
administrative importance and reimbursement model 
- aiming at as ample a spectrum as possible. 

2. FORMS OF CAPITAL REMUNERATION 

111 Brazil, concessions and permissions for transport 
services are economically regulated through the 

method of cost plus, i.e., the services are delegated 
under conditions of exclusivity, but rights are taken 
away from the operator to prevent him from 
operating as a monopolist (defining the conditions of 
quantity and quality of the services, as well as the 
tariffs to be charged). As a counterpart, the public 
power undertakes to establish prices to guarantee 
cost compensation, with the addition of an extra sum 
relative to the presence of the company in this 
service, which is normally indexed at the value of 
the capital invested. 

Two forms are basically used to compensate the 
companies for the transport services they render, the 
tariff model and the public revenue model, both of 
which present variables in connection with the 
competitiveness and profitability represented by 
mechanisms such as the Tariff Compensation 
Chamber (CCT) and the so-called Factor B (Orrico 
Filho, 1996). 

2.1 The tariffmodel 

In this model, the basic operational conditions are 
established by the Public Power and the operator’s 
revenue derives from the number of passengers 
transported by his vehicles and the tariff he charges, 
which in principle, give him the capacity to operate 
and earn profit. The operational risks in this model 
rest with the operating company, the Public Power 
undertaking to determine the operational conditions, 
committing itself to calculate a tariff which will 
permit it to make a just compensation. 

2.2 The public revenue model 

As a solution to various problems that caused an 
accentuated increase in the tariffs charged from the 
inhabitants of the city’s outskirts, usually belonging 
to very low-income populations, in the beginning of 
the 80s many Brazilian cities adopted a model in 
which the companies would no longer be 
compensated for the revenue earned by their 
vehicles, but would be paid for a previously 
established production unit (as distance per 
kilometer, for example), specified in a contract for 
services to be rendered signed between the 
companies and the Public Power. 

This model especially permits the public entity to 
contract a company to operate lines with a very low 
revenue because other revenues deriving from lines 
with surplus will enable such services to be paid. 

The main difference between the two models 
described consists in the manner in which the 
entrepreneur is remunerated. In the tarfff model, the 
entrepreneur takes on the risk for the operation, with 
the responsibility of getting the greatest possible 
number of passengers, so that the income he collects 
may permit him to cover the operational costs as 
well as earn profit, the Public Power undertaking to 
establish the operational conditions, the fleet’s 
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characteristics and itineraries, with the commitment 
to define a just and opportune tariff for the operator. 
In  the public I - B V C ' I ~ L I B  inodel. though, tlie operator 
will be remunerated for a pre-established number of 
production units, not taking into account tlie number 
of passengers he may be able to transport, 
discharging the cost per passenger from tlie value of 
the tariff, tlie Public Power becoming the owner of 
the revenue, with the responsibility for 
compensating him according to tlie contract for the 
rendering of services. 

In both cases, tlie Public Power has the obligation 
to supervise and control in detail tlie real operational 
costs of tlie companics, in order to adequately 
determine the cost for the production of tlie service, 
thus preventing the calculation of high tariffs, which 
would damage tlie users, or otherwise. would 
establish a cost for the production unit below the real 
operational cost, which would cause loss to the 
operators. 

2.3 Indermcclinry C L I S ~ S  . Fcrctor B und C'C'T 
In order to prevent that once in possession of a 
public revenue model an operational company is no 
longer interested in effectively transporting 
passengers, some cities have adopted a variable: the 
Factor B. This model consists in linking the 
compensation received by the companies in part to 
the services supplied by them, and in part to the 
number of passengers transported by their vehicles. 

In this case of mixed remuneration, an interesting 
situation occurs in  that the greater the parcel related 
to the production unit, tlie more the model tends 
towards the Public Revenue type, whereas, the 
greater the part to be remunerated via tlie Factor B 
(transported passengers), tlie closer it gets to the 
Tariff Model. 

Tlie Tariff Compensation Chanibcr (CCT) is a 
mechanism that permits a system with 
entrepreneurial plurality-several operating 
companies independent among themselves-to 
operate as a single company, correcting financial 
imbalances when transferring the overage revenues 
from the surpliis conipanies to cover tlie differences 
of tlie deficient companies, so that the fiiiaiicial 
equation of all the operators in kept positive. Figure 
1 represents graphically the relationship betw-een the 
mentioned models. 

(. I1 ;I Ill b c I_ 

'ruii't' M o d c l  

Figure 1 ,  Representation of the relationsliip between the 
remuneration mode Is 

The mechanism of the Tariff Compensation 
Chamber enables the use of crossed subsidy between 
the companies that belong to the system, permitting 
that those routes or lines with less attractive 
characteristics for the operators (very long routes, 
reduced demand, congested corridors, etc.), and 
which make the service very expensive, become 
inore interesting or attractive for the entrepreneurs, 
since they will be able to operate with lower tariffs 
than the cost per passenger, being later compensated 
according to the operational cost that will be 
recognised, and not for the revenue earned from 
tariffs. In like manner, tlie very profitable lilies will 
continue to be attractive for the entrepreneurs, but 
they will be required to return the parcel of overage 
that exceeds a just compensation, transferring it to 
the companies in deficit in order to keep the balance 
of the system. 

Another significant advantage is that, under these 
conditions, the Public Power or Managing 
Organisation has the possibility to demand a more 
homogeneous level of services between all the lilies 
or regions of the system, in order to avoid 
differences in quality or a lower supply of buses in 
use in commercially low-profit lines. 

It can be considered from this definition that there 
is a relation between the mechanism of the Tariff 
Compensation Chamber and the Public Revenue 
Model, since in both systems the commercial risk of 
the operation ceases to be the full responsibility of 
the operator, becoming the responsibility of tlie 
Public Power. 

In both methods, the operation can be carried out 
as if the system had only one sole company (or even 
a flat tariff for all the lines), or various tariffs, 
according to the type or schedule of the service (i.e., 
jitneys, direct service, with air-conditioning, night- 
bus, end-of-week bus, which can have differentiated 
tariffs). Tlie two models demand effective control of 
the operation by the Public Power, because in both 
cases tlie compensation due to the companies is 
linked mainly to the supply of service rather than to 
tlie transported demand or the tariff charged. 

3 THE SYSTEMS STUDIED 

This section describes the transport systems and the 
managing organisations of the Tariff Compeiisation 
Chambers in the cities of Petropolis and Belo 
I-lorizonte. These systems have important 
differences, both physically (in their topography, 
regional size, operational area, etc.) and 
operationally (number of users, service supply, size 
and average age of the fleet, level of service, etc.), as 
well as in connection with the methodology used for 
calculating the operational cost (indices used, period 
for remunerating the companies, etc.) and tlie 
method adopted for compensation. 
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3.1 The trcrnsport sysleni of Petr@oli.s 

The municipality of Petropolis, in the State of Rio de 
Janeiro, is located at 810 meters above sea level and 
60 kilometres north of the city of Rio de Janeiro. It 

an area of 853  square ltilolnetres witll a 
population of approximately 270,000 inhabitants. 

to operate passenger transfer terminals in order 
to rationalise the service supply. 

CPT’s compensation systems could be 
characterised as a typical Compensation Chamber 
Model. Synthetically, the mechanism consists of the 
following: annually, CPT establishes a cost per 

Table 1 Principal data of the transport of Petropolis 
Issue Quaii t I ty 

Number of companies 6 

Number of Lines I60 

Fleet in Operation 280 

Trips per month 233,000 

Average age of the Fleet (July 1998) j 78 

Kilometres per month 2,049,060 

Passengers per month 5,6 15,000 
Source. Companliia Petropolitaiia de Transportes (CPT) 
[Petropolitaii Transport Company - CPT], December 1998 

The Petropolitan Transport Company (CPT), 
which dates from 1990, is a limited liability 
corporation of mixed capital, with the legal status of 
private law corporate entity, linlted administratively 
to the Urban Development Coordination for the 
Municipality of Petropolis. This company is 
responsible for managing and organising all the 
public transport system, making any modifications 
that are deemed necessary. Its initial project began 
with the creation of the Tariff Compensation 
Chamber, with the purpose to integrate all the public 
bus transport system and establish a flat tariff for the 
system. 

One of the first measures adopted by CPT was to 
promote the tendering of each of the lines whose 
delegation terms were expiring, in order to establish 
new rules for the interested parties, excluding from 
the process the companies who, although 
participating in the operation, presented a poor 
perforniance and bad conditions in the quality of the 
service (Alvarado, Contreras & Orrico, 1996). In 
October 1992, a flat tariff was established for all the 
city’s bus lines. 

The Tariff‘ Compensation Chamber was created 
about two years later. The system had an obsolete 
and insufficient fleet, nine different tariff levels, a 
relatively low number of trip offers, and 
overcrowded buses, which represented serious 
discomfort and high risk for the users. The 
Chamber’s main objectives were: 

to establish an up-to-date Flat Tariff, which 
would benefit the users of the more distant 
regions, normally low-income individuals, 

8 to equate and maintain the operators’ economic- 
financial balance, 

Q to improve the conditions of equity when 
compensating the companies, 

passenger transported for each operating company, 
afterwards calculating a tariff that will become the 
System’s Flat Tariff, using the same cost indices to 
estimate the companies’ costs and to calculate the 
system’s tariff. Following this, it verifies the 
difference between the cost per passenger of each 
company and the system’s flat tariff, determining 
which companies have to transfer resources and 
which will be entitled to receive them, specifying the 
monthly amounts to be transferred, the responsibility 
being left to the companies for effecting the 
transfers. The compensation between companies is 
done on a weekly basis. 

In  the Compensation Chamber model adopted in 
Petropolis, it should be noted that if in a given 
period there is an increment in demand in a company 
member of the system, this company will have to 
receive or transfer, according to his case, only the 
amount previously specified by the managing 
organisation, keeping the overage gains that result 
from the increment in demand. Likewise, if in a 
given moment the demand is less that the number 
per month estimated by the Managing Organisation, 
the company will also receive or transfer the pre- 
established amount, bearing the burden of the loss. 

This method’s principal restriction lies in that the 
companies with high operational costs due to the 
particular characteristics of their routes will be in 
disadvantage, facing costs that will be estimated 
possibly below their real value. In order to keep 
these companies from suffering loss, the 
consumption and performance indicators of the 
system’s lines in general should be less effective 
than the reality of said companies, so as to enable 
those who are operating under more difficult 
conditions to receive a more just compensation for 
their work. On the contrary, the companies that 
operate under better conditions will naturally have 
higher gains as a result of having, in reality, 
substantially lower operational costs than the ones 
that will finally be considered in the cost estimate. 

3.2 The transport system of Belo Horizonte 

The municipality of Belo Horizonte is the capital of 
the State of Minas Gerais, and center of a 
Metropolitan Region formed by twenty 
municipalities. It has an undulated topography and 
counts with a population of approximately 3,450,000 
inhabitants (1 996 Census). The main transport 
characteristics are summarised in Table 2. 
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Table 2. Principal data of the transport of Belo Horizonte 
Issue Q iian t I ty 

Number of companies 46 

Number of Lines 29s 

Fleet in  Operation 2975 

Average age of the Fleet (July 1998) 3.75 

Trips per month 850,000 

Kilometres per month 17,928,700 

Passengers per month 42,93 8,065 

Source: Einpresa de Transporte e Trinsito de Belo I-lorizonte 
S.A. (Transport and Traffic Company of Belo Horizonte, 
Limited Liability Corporation) Internal Report, CCT., Jan. 99 

Until 1993, tlie transport system was managed by 
only one public company and operated under only 
one Compensation Chamber, which was established 
in 1982 for all the Metropolitan Region. Currently, 
the compensation is carried out in  two new 
Chambers. The first of these covers the 
municipalities of tlie Metropolitan Region, except 
the municipality of Belo Horizonte, and is managed 
by a state organisation, tlie Road and Highways 
Department of Minas Gerais-DEWMG. The second, 
which is managed by the Transport and Traffic 
Company of Belo Horizonte, Limited Liability 
Corporation-BI-ITrans, is in  charge of-. transport only 
within the municipality of Belo Morizonte. Created 
in 1992, BHTrans is a Limited Liability Corporation 
of municipal public capital, which, besides being 
responsible for the collective transport in Belo 
Horizonte. in 1993 also took over the management 
of traffic in this municipality. 

The economic-financial integration of tlie 
metropolitan system as a whole has been guaranteed 
by the local services in  Belo Horizonte through 
BHTrans, who transfers tlie resources from its 
system-which has shorter lines and a higher 
income populatioii-to tlie metropolitan system, 
which is predominantly formed by a very low- 
income population living in the city’s outskirts and 
worlting in Belo Horizonte. This integration is 
possible liecause both companies use similar 
calculation methodologies. which permit a 
comparison between tlie performance costs and the 
indicators of both systems. 

The transfers of resources were always made by 
the Municipal System, who operated with surpluses, 
to the Metropolitan System, who was always in tlie 
red. This subsidy was maintained until February, 
1998: when the Municipal System got into deficit, 
and without resources. it was impossible to maintain 
the relationship. 

In  the beginning of 1998, there were 54 
companies in operation. the sninller of which had a 
fleet of 15 units, and tlie larger. 176 vehicles. After a 
tendering process carried out in .July, 1998, a total of 
46 companies were operating in  January 1999, the 

smaller of which with 24 vehicles, and the larger 
with 154. If, on the one hand, this shows a diversity 
in the size of the companies forming the system, on 
the other hand, it also points to a process of 
entrepreneurial concentration. 

e 
The specific objectives of CCT/BH, are : 
creation of a Social Tariff to enable the practice 
of subsidies in the price for low-income 
populations; 
optimisation in the System’s operation by fixing 
the prices of the fares, increasing the competition 
between lines with similar operational 
characteristics. ; 

e similar profitability for the Companies, 
All the operating companies are legally sub- 

concessionaires and form part of CCT/BH, who is 
the only concessionaire of the System’s lines. 
Through a public tender, which was closed in 
February 1998, the best offers were chosen, 
followed by the signing of Operation Contracts with 
the winner companies for a period of ten (1 0) years. 

Two innovations were incorporated in the 
tender’s process: a) when an offer was made for a lot 
of vehicles without pre-determining the lines in 
which they would operate, in this case, the Public 
Power sought lower unit prices for making the 
vehicles available to BHTrans, and b) by 
simultaneously requiring that the companies pay a 
minimum amount equivalent to US$13,550 for each 
bus of the lots won by them, the Public Power was 
seeking to value capture a parcel of the amount 
established as a minimum cost. The money thus 
collected would be destined for the creation of an 
Transport Fund, which would later be invested 
exclusively in the transport development area. 

Q 

To calculate tlie system’s balancing tariff a 
mechanism is used which guarantees an average cost 
during a reasonably long period. The demand is 
projected based on the tendency of the last 12 
(twelve) months, and, should such be the case, the 
accumulated amounts in deficit that at the moment 
CCT/BH may have are included in order to 
eliminate this deficit starting with the new tariff cost. 
With these presuppositions, the new tariff should 
cover the System’s Operational Cost, the 
accumulated deficit and, in theory, permit CCT/BH 
to accumulate resources in reserve to stabilise tlie 
tariff, avoiding frequent increases (more details in 
Alvarado, Contreras & Orrico, 1996). 

The coinpensation model for the Belo Horizonte 
Compensation Chamber is the Public Revenue 
Model, which means that the companies are 
compensated for a production unit, in this case, per 
kilometre offered. 

The companies’ compensation is done by 
calculating tlie totul cosf per line, relating the 
Variable Costs to the kilometres allowed per service 
and to tlie variant that relates tlie Fixed Costs to the 
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fleet allowed. To correct the disadvantages 
presented by this method, coiistant control and 
supervision are established to keep the costs of tlie 
coinpanies within acceptable parameters i n  order to 
avoid any excesses or to avoid benefiting the 
inefficiency of any one company. 

4 CONCLUSIONS 

Conceptually, the difference between a public or 
private inanageinent of a Coinpensation Chamber is 
very important. In tlie first case, the Public Power 
has an individual coininitnient with each company to 
maintain tlie economic-financial balance of said 
company, being responsible for guaranteeing a 
compensation for the services they render that will 
honour this commitment. In the second case, the 
Public Power’s conmitnient in relation to this 
balance is no longer with each company singly 
(basis of tlie concession and permission system), but 
with tlie system as a whole. 

Tlie adoption of tariff compensation mechanisms 
has brought as a consequence a new type of 
competition between the companies. Due to tlie 
existence of a inethod for the division of a globally 
collected revenue, each company will try to increase 
its participation in the whole, either by using 
strategies to increase its fraction in  an equation of 
distribution pressing for an increase in supply, or by 
raising its cost parameters within these same 
equations. Their behaviour will depend strongly on 
the specific model used to calculate these costs. 

The compensation concept contained in tlie 
nianaging instrument denominated ’Tariff 
Compensation Chamber has shown an applicability 
which is independent fro in t 11 e s y s t e ni s ’ d i ni ens i o n , 
not only in connection with the net‘s coverage, but 
also with regard to the size and number of the 
conipanies, as well as the extension of the region in 
which they operate . The cases described for tlie 
cities of Petr6polis and Relo Horizonte clearly 
demonstrate the possibilities that exist under so very 
different situations, without inentioning the inany 
other examples that exist in  Brazil that could serve 
to reinforce this concept, but which have not been 
directly discussed in the present work. 

In relation to the coinpensation methods 
described in this work. the method used in  Petrbpolis 
can be considered the more simple one because it 
pre-establishes tlie amounts to be transferred by the 
companies at the sanic time the tariffs are 
established, considering as constant in  tlie period the 
difference between the tariff and the cost per 
passenger of each conipaii3’. Tlie Managing 
Organisation will only have to worry about keeping 
control over the operation as such. verifying if tlie 
service established is being really supplied, and 
monitoring the number of tlie transported demand in 

order to keep an up-to-date data base, which will 
later serve to calculate the new tariff, among other 
objectives. 

Tlie good result that this method has shown, in 
spite of its simplicity, is due to the fact that the 
system’s size is relatively small, as is the number of 
operating companies, and their actual costs should 
not present an extremely large dispersion. In a larger 
system, with many companies operating, like in the 
other case analysed, it would be necessary to 
consider the operational costs individually (possibly 
with very great differences between companies) and 
keep a stricter control over the supply, so as to 
guarantee a good level of service to the user. 

In  the method utilised by BHTrans, an important 
observation is the frequency in which the operational 
cost used for compensating the companies is 
updated. This is done every ten days, a factor of 
great importance when tlie entrepreneur decides to 
invest in the system. For the user, the principal 
advantage noted is that the level of the service has 
improved, although this has in return brought a 
higher tariff. 

Another important characteristic of tlie Public 
Revenue method utilised by BHTrans is that it 
requires a constant supervision of tlie operation by 
tlie managing company because tlie entrepreneurs 
are no longer required to reach, through a specific 
indicator, a certain level of transported passengers, 
and have the assurance of knowing that they will be 
compensated for the service they supply. 

When we analyse tlie price of tlie tariff, and 
consider the fact that there is a stabilisation reserve 
or fund, it becomes clear that the tariffs charged 
have been actually somewhat higher than the 
balance cost, should this be considered as the 
average cost per passenger transported, which is tlie 
practice more usually used in Brazil. 
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Dysfonctionnements du syst&me des transports urbains d’ Abidjan 
Malfunctions in Abidjan’s urban transport system 
Deficiencias del sistema de transporte urbano de Abidjan 

M. Abeille & E Duprez 
Centre d’Etudes sur les Rkseaux, les Transports, I’ Urbanisme et les Constructions Publiques (CERTU), Lyon, 
France 

R6SUME: A la demande du Ministere des Transports de C8te d’ivoire, le Certu realise une etude sur les dys- 
fonctionnements du systeme des transports urbains d’ Abidjan. L’un des principaux objectifs de ce travail est 
d’ivaluer, a I’6chelle de l’agglomeration abidjanaise, le coQt social des accidents de la circulation, de la 
congestion, des freins a la mobilite ainsi que du bruit et de la pollution atniospherique imputables aux trans- 
ports. Cette communication presente les niethodes de moiietarisation utilisees et met en evidence les diffi- 
cultes ainsi que les limites de cet exercice. En particulier, le cas de la pollution atmospherique montre que le 
transfert de concepts et de techniques etrangeres a un pays en developpement souleve des problkmes pratiques 
(collecte d’informations, calage des modeles) et theoriques (monktarisation des donimages, determination de 
strategies realistes de depollution). 

ABSTRACT: At the request of the C8te d’Ivoire Ministry of Transport, the CERTU is conducting a survey on 
malfunctions in Abidjan’s urban transport system. One of the main aims of the work is to assess, for the 
whole of the Abidjan area, the cost to society of road accidents, congestion, limitations on mobility as well as 
from the noise and atmosplieric pollution that can be ascribed to transport. The report gives the costing me- 
thods used in the survey and shows the difficulties and limits of the exercise. in particular, through the case of 
atmospheric pollution, it shows that the transfer of concepts and techniques foreign to a developing country 
raises problems both practical (collecting information, adjusting models) and theoretical (costing damage, de- 
ciding realistic policies for reducing pollution). 

RESUMEN: A instancias del Ministerio de Transportes de Costa de Marfil, el CERTU esta llevando a cab0 
un estudio de las deficiencias del sistema de transporte urbano de Abidjan. Uno de 10s principales objetivos de 
dicho trabajo consiste en valorar, en 10 que respecta a1 area metropolitana de Abidjan, el coste social de 10s 
accidentes de circulacih, la congestion del trafico, 10s obstaculos a la niovilidad, asi como del ruido y la 
contaniinacih atmosfkrica imputables a 10s medios de transporte. Esta comunicacion expone 10s niktodos de 
valoraci6n ernpleados en el estudio, y en ella se indican asimismo las dificultades y liinitaciones de la investi- 
gaci6n que nos ocupa. En concreto, a travks del caso de la contaminacion atniosfkrica, queda patente que la 
transferencia de conocimientos y tecnicas extraiijeras a paises en vias de desarrollo plantea tanto problemas 
practicos (recopilacih de datos, modelos que se calan) conio teoricos (estiinacih de dafios, definicion de es- 
trategias realistas para reducir la contaminacion). 

INTRODUCTION 

Dam le cadre du Programme d’ Ajusteinent Sectoriel 
des Transports (PAST), le Ministere des Transports 
de CGte d’ivoire a commande au Certu une etude sur 
les co6ts des dysfonctioimements du systkine des 
transports urbains d’ Abidjan. 

Les deux principaux objectifs de ce travail sont 
d’etablir un compte deplacements de 
l’agglonieration et d’evaluer les coQts externes des 
transports urbains a Abidjan. Cinq effets externes 

sont apprehendes: la pollution atmosplierique, le 
bruit, les accidents de la circulation, la congestion et 
les freins a la mobilitk. Au moment ou cette com- 
inunication est rCdigCe, l’etude est en cours de reali- 
sation. C’est pourquoi nous presenterons essentiel- 
leinent la inkthode de travail retenue par le Ccrtu. 
Nous aborderons successivement les trois principa- 
les phases de l’etude: 
- la realisation du coinpte deplacements, dont 

l’objectif est de determiner comment les diffk- 
rents acteurs de la Ville financent le systkme des 
transports; 
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- I’analysc des dystbnctionnements dcs transports 
ur ba i 11s c t I eu r mo nci- t ari sat i o n ; 

- I’Stude approfondie de la pollution atniosphirique 
imputable a la circulation routiere. 

1 LE COMPTE DEPLACEMENTS D’ABIDJAN: 
UNE EVALUATION DES DEPENSES 
DIRECTES DE TRANSPORTS URBAINS 

Dans cette premiere partie, nous definissons le cadre 
du compte deplacements d’Abidjan, puis nous met- 
tons en ividence les liens entre cet exercice compta- 
ble et l’evaluation monetaire des dysfonctionne- 
ments, abordee dans les deux parties suivantes. 

1.1 Le compte diplacements d’Abidjan 

Le compte deplacements d’ Abidjan rassemble, dans 
un cadre synthetique, toutes les depenses relatives 
aux deplacements des personnes, classees par mode 
de transport et par type d’acteur, a l’echelle de la 
Ville d’Abidjan. L’objectif est de savoir: qui de- 
pense ? combien ? dans quels modes de transport ? 

Cette synthese macro-economique, qui repose sur 
une estimation prealable des deplacements et de leur 
repartition modale, integre: 
- les depenses de transports individuels ou collec- 

tifs des menages, des entreprises et des coilecti- 
vites publiques; 

- les depenses d’infrastructure de transport et de 
police de la circulation des collectivites publi- 
ques; 

- les recettes fiscales assises sur les activites de 
transport. 
Les differents modes de deplacements identifies a 

Abidjan sont: 
- le reseau bus, mini-bus et bateau-bus de la 

SOTRA; 
- les taxis-compteur, autorises a charger sur 

l’ensemble des dix communes d’ Abidjan; 
- les Woro-woro. I1 s’agit de taxis collectifs, autori- 

ses a circuler au sein de chacune des dix commu- 
nes d’Abidjan; 

- les Gbakas. I1 s’agit de mini-cars, autorises a cir- 
culer sur une ligne interurbaine, mais pratiquant 
souvent la desserte des quartiers peripheriques; 

- les voitures particulieres, dont le parc a fortement 
progress6 depuis la liberalisation des importa- 
tions, en 1996; 

- les deux roues, tres peu nombreux a Abidjan; 
- lamarche. 

urbains sont: 
- les usagers des diffkrents modes de transport; 
- la SOTRA, entreprise exploitant le reseau de 

- les proprietaires et chauffeurs des taxis-compteur, 

Les differents acteurs du systeme des transports 

transports collectifs urbains; 

Woro-woro et Gbaka; 

- les entreprises ou dablissements scolaircs assu- 
rant le transport des salaries ou des k l & ~ ~  

- 1’Etat ivoirien, qui finance la voirie et, en partie, 
la SOTRA; 

- la Ville d’Abid.jan; 
- les dix communes d’Abidjan; 
- les etablissements financiers et les organismes 

internationaux. 
Finalement, le compte deplacements peut se pre- 

senter sous forme d’une matrice synthetique des de- 
penses de transport (tab. l ) .  L’intersection d’une li- 
gne i avec une colonne j donne la depense du 
secteur j dans le mode de transport i. La colonne 
particuliere (( transferts Gscaux )) indique les som- 
mes transferees du secteur prive vers le secteur pu- 
blic (TVA, taxes sur les produits petroliers, . . .) 

Tableau 1.  Presentation synthetique du cornpte deplacements 
d’ A bidjan 

Mode de Secteur Transferts Secteur Total 
transport prive fiscaux public 
Transports 
collectifs 
Transports 
individuels 
Voirie, 
police 
Tous modes 

1.2 Liens entre le compte &placements et la 
comprkhension des liysfonctionnements du 
systkme des transports 

L’etude des dysfonctionnements d’un systeme des 
transports necessite de bien connaitre les acteurs de 
ce systeme et leur rble economique. On peut ainsi 
determiner les causes des dysfonctionnements et 
mesurer l’ecart entre l’equilibre economique actuel 
et un iquilibre economique de reference, dans lequel 
les acteurs paieraient le vrai coiit de leurs activites. 

Le compte deplacements, associe aux coiits de 
dysfonctionnement, facilite cette analyse, car il per- 
met de calculer quelle est la part payee par les usa- 
gers des differents modes de transport dans: 
- le coiit direct de leurs deplacements; 
- le coQt social de leurs deplacements. 
On peut alors reperer: 
- quels sont les modes de transport les plus cocteux 

pour l’usager, en s’appuyant sur les coiits prives 
par deplacement; 

- quels sont les modes de transport les plus coQteux 
pour la collectivite, en s’appuyant sur les coQts 
sociaux par deplacement; 

- quels sont les modes de transport qui couvrent le 
mieux leurs colClts, en s’appuyant sur le rapport 
entre le coGt prive et le coiit social de chaque 
mode. 
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2 LE BRUIT, L’INSECURITE ROUTIERE, LA 
CONGESTION ET LES FREINS A LA 
MOBILITE A ABIDJAN 

L’etude que nous realisons pour le Ministere des 
Transports aborde cinq grands dysfonctionnements: 
le bruit routier, les accidents de la circulation, la 
congestion, les freins a la mobilite et la pollution 
atmospherique. Cette seconde partie traite des quatre 
premiers themes; la troisieme partie aborde le cin- 
quieme theme, qui pose des problemes methodolo- 
giques specifiques. 

L’evaluation de chaque dysfonctionnement passe 
par une quantification physique puis monetaire. 
Outre le caractere conventionnel des evaluations de 
coiits externes, notre travail se heurte a deux diffi- 
cultes majeures: 
- la disponibilite et la fiabilite des informations. Par 

exemple, les accidents de la circulation ne don- 
nent pas toujours lieu a l’etablissement d’un 
proces-verbal, ce qui conduit a interpreter pru- 
demment les statistiques de securite routiere. 
Lorsque les informations ne sont pas disponibles, 
nous nous appuyons sur une modelisation ou sur 
une evaluation par enquste legere: l’important est 
alors de bien preciser les hypotheses et la sensi- 
bilite du modele ou la methode d’enquSte retenue. 
Lorsque les informations sont peu fiables, nous 
recoupons les differentes sources existantes; 

- la transferabilite des methodes utilisees en 
France. Par exemple, les modeles franFais 
d’emissions sonores s’appliquent a un parc de ve- 
hicules et a des types de revstement routier qui 
sont tres differents de ceux rencontres en C6te 
d’lvoire. Afin d’assurer la transferabilite d‘une 
methode etrangere, nous precisons les hypotheses 
sur lesquelles repose la methode et nous adaptons 
les principaux parametres a la situation locale. 

2.1 Le bruif 
Notre approche consiste a reperer les principaux 
(( points noirs )) bruit. I1 s’agit d’axes caracterises par 
une forte circulation et une forte densite de popula- 
tion a proximite de l’infrastructure. 

Pour reperer ces points noirs, nous nous appuyons 
sur: 
- les donnees de trafic existantes et des comptages 

specifiques; 
- le recensement de la population de 1998, realises 

par I’Institut National de Statistique (INS) ; 
- des mesures au sonometre. 

Nous caracterisons alors chaque point noir par 
une intensite sonore et par un nombre de logements 
exposes au bruit. Puis, nous calculons un coOt 
d’evitenient selon deux approches: 
- un coiit d‘isolation phonique des logements expo- 

ses au bruit (doubles vitrages); 

- un coiit de protection phonique des logements ex- 
poses au bruit (mur anti-bruit). 
Ce coiit du bruit ne prend pas en compte la gene 

ressentie par les populations dont les activites se de- 
roulent dans la rue (les commerqants, par exemple). 

2.2 Les accidents de la circulation 

Nous avons recueilli, aupres de l’Office de Securite 
Routiere (OSER) et de la Prefecture de Police: 
- le nombre de blesses ligers, de blesses graves et 

- la repartition des blesses et des morts par mode 

Le Tableau 2 donne la repartition des victimes des 
41 17 accidents survenus a Abidjan en 1997. 

de morts dans les accidents de la circulation; 

implique. 

Tableau 2: statistiques d’accidentologie a Abidjan en 1997. 
(source: OSER) 

Pietons Deux roues Voitures Total 
Tues 137 9 30 176 
Blesses 862 90 677 1629 
graves 
Blesses 21 19 152 1845 4116 
legers 

En nous appuyant sur ces statistiques, nous pou- 
vons estimer la valeur monetaire des accidents de la 
circulation par la methode du Capital humain com- 
pense (Le Net 1994). Cette approche, utilisee par 
1’Administration fraqaise, doit Stre adaptee au 
contexte ivoirien. I1 convient donc de calculer, a 
partir de donnees locales: 
- les coBts directs des accidents sur le plan materiel 

(degradation des vehicules) et medical (coOts 
d’hospitalisation et de soin des accidentes); 

- les coQts indirects des accidents. Ces derniers 
correspondent aux pertes de production reelles 
des blesses qui cessent momentanement (voire 
definitivement, en cas de handicap lourd) leur ac- 
tivite et aux pertes de production futures des 
morts qui auraient pu continuer de travailler si 
l’accident n’etait pas survenu. 
L‘evaluation des cofits directs repose sur des en- 

tretiens avec des responsables d’assurances et 
d’h6pitaux. L’estimation des coiits indirects s’appuie 
sur des enqustes de consommation et sur les statisti- 
ques relatives a l’emploi (niveaux de salaires) et a la 
demographie (esperance de vie). 

La sensibilite des resultats aux hypotheses eco- 
nomiques est testee en retenant au moins deux ni- 
veaux de salaires et deux taux d’actualisation. 

2.3 Lu congestion 

La congestion se manifeste, pour les usagers ou les 
exploitants des differents modes de transport, par un 
allongenient des temps de parcours ct par des sur- 
cocts d’exploitation ou d’utilisation des I ihicules. 
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L’ivaluation de la congestion repose sur la me- 
sure de 1’Ccart entre la situation reelle et une situa- 
tion de reference clairement dkfinie. Nous precisons 
ci-dessous la methodologie retenue pour chaque 
mode de transport: 
- pour les transports individuels et les transports in- 

formels, on effectue des mesures de temps de 
parcours en heures creuses et en heures de pointe. 
La situation de reference correspond a l’heure 
creuse et la congestion est approchee par le sup- 
plement de temps de parcours a l’heure de pointe; 

- pour le rkseau SOTRA, on recueille la longueur 
des lignes, le taux de charge des bus et la vitesse 
commerciale sur chaque ligne en heure de pointe 
et en heure creuse. Ces donnkes permettent de 
calculer le temps perdu par les usagers en heure 
de pointe, par rapport a un temps de parcours en 
heure creuse. 
Les pertes de temps sont valoriskes a l’aide d’au 

moins deux types de valeurs du temps: 
- des valeurs revklees dans le cadre d’etudes loca- 

les. Par exemple, une analyse contingente realiske 
pour le 3eme Pont d’Abidjan montre que la valeur 
du temps des automobilistes se situe entre 1 200 
et 3 100 FCFA, selon la commune de residence 
(la valeur du temps des usagers des transports 
collectifs est nettement infkrieure); 

- des valeurs estimkes sur la base des revenus. 

2.4 Les freins ir la mobiliti 

L’importance de la circulation aux heures de pointe 
se traduit par un allongement des temps de parcours, 
caractkristique de la congestion. En outre, certains 
yuartiers periphkriques d’ Abidjan sont mal desservis 
par le rkseau de la SOTRA. La clientele de la 
SOTRA subit alors des temps d’attente importants 
ou se tourne vers les transports informels. Ces dys- 
fonctionnements aboutissent a une incertitude sur les 
temps de parcours et, plus gkniralement, A une mau- 
vaise accessibilitk aux differentes activites de la 
ville. I1 s’agit 18 de veritables freins a la mobilite, qui 
dtpassent les pertes de temps likes a la congestion et 
qui se diffusent a travers le systeme economique de 
differentes faqons: 
- les usagers peuvent prendre en compte 

l’incertitude sur les temps de parcours et sur les 
passages des vehicules de transport en commun. 
11s prkvoient alors une (( marge de securite )) afin 
d’arriver a temps sur le lieu de leur activitk. Le 
temps consacre a chaque deplaceinent (temps a 
bord d’un vehicule, temps d’attente et marge de 
securiti) s’allonge, ce qui restreint les program- 
mes d’activites possibles. I1 s’agit 18 d’une inter- 
nalisation des freins a la mobilite par les usagers 
des transports; 

- les employeurs ou chefs d’etablissement peuvent 
prendre en compte I’incertitude sur l’heure 
d’arrivee des employes ou des eleves, en reorga- 

nisant la production ou les plannings de cours. I1 
s’agit 18 d’une internalisation des freins a la mo- 
bilitk par le systeme productif; 

- enfin, les usagers peuvent renoncer a certains de- 
placements et les entreprises peuvent reduire leur 
zone de chalandises ainsi que leur zone d’emploi. 
On assiste alors a un recentrage des activites sur 
les quartiers, nefaste pour le systeme productif 
dans son ensemble. I1 s’agit 18 d’un effet externe 
a long ternie du systeme des transports sur 
l’activite economique. 
La quantification des diffkrents effets des freins a 

la mobilite sur les acteurs de la ville est complexe. 
Nous nous contentons donc de mettre en evidence 
les adaptations du systeme productif aux dkfaillan- 
ces du systeme des transports. L’analyse repose sur 
des interviews de chefs d’entreprise et de chefs 
d’etablissement scolaires, qui permettent d’evaluer 
les retards des employes et des eleves ainsi que les 
adaptations des emplois du temps. 

3 LA POLLUTION ATMOSPHERIQUE 
LOCALE A ABIDJAN 

A Abidjan, les transports urbains generent de nom- 
breux composes nocifs pour la sante: monoxyde de 
carbone, hydrocarbures, oxydes d’azote, ozone, par- 
ticules, dioxyde de soufre, plomb et cadmium. Ces 
composes peuvent etre la cause de maladies graves, 
voire meme entrainer la mort. Les principaux 
sympt8mes reconnus sont les troubles respiratoires 
ou cardio-vasculaires, les effets cancerogenes et, 
dans le cas du plomb, la nephropathie saturnine 
(Certu 1997, Ba et al. 1999). 

Cependant, l’evaluation du coQt sanitaire et du 
coQt d’evitement pose de nombreux problemes me- 
thodologiques. Ces difficultes sont encore plus sen- 
sibles dans les pays en developpement, oh les mesu- 
res de la qualite de l’air et le suivi sanitaire des 
populations peuvent s’averer insuffisants. 

Nous niettons en evidence ces problemes metho- 
dologiqiies (3.1 .) avant d’exposer la demarche rete- 
nue dans le cas d’Abidjan (3.2.). 

3. I Monitariser les efets de la pollution 
utmosphiriyue: nzithodes, limites, et 
tranfirahiliti aux pays en diveloppement 

La monktarisation des effets de la pollution atmos- 
phirique due aux transports peut reposer sur deux 
approches: 
- une evaluation du coQt des dommages generes par 

cette pollution. Ces domniages concernent aussi 
bien la sante des hoinmes, que les vkgetaux ou les 
b2timents; 

- une evaluation du coQt d’evitement. I1 s’agit 
d’evaluer le coQt de reduction de la pollution. Ce 
dernier varie kvideninient selon l’objectif 
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d’emission a atteindre et selon la technique de re- 
duction employee. 
Ces deux approches aboutissent a des valeurs dif- 

ferentes et n’ont pas la mEme utilitk (Quinet 1994): 
- le coQt des dommages permet d’kvaluer l’impact 

de la pollution et de sensibiliser les decideurs ain- 
si que la population a l’importance des problemes 
generes par la pollution; 

- le coQt d’evitement indique le coQt des mesures a 
mettre en ceuvre pour lutter contre la pollution. 
Selon la theorie economique, c’est la comparai- 

son du coQt des dommages et du coQt d’evitement 
qui doit guider le decideur. Cependant, nous allons 
voir que le manque d’informations et les problemes 
methodologiques peuvent faire obstacle a 
l’evaluation de ces deux coQts. 

3.1.1 Evaluer le coiit des dommages 
Notre etude traite plus particulierement des effets de 
la pollution atmospherique sur la sante des hommes. 
Nous devons apprehender: 
- d’une part, les effets a court terme, caractirises 

par une augmentation de la mortalite et de la 
morbidite lors des pics de pollution; 

- d’autre part, les effets a long terme, caracterises 
par une plus grande morbidite et une plus grande 
mortalite des sujets exposes de maniere continue 
a une pollution de fond. 
Pour determiner les effets de la pollution atmos- 

pherique a court terme, il convient de disposer d’un 
reseau de mesure continu de la qualite de l’air et de 
relations dose-effets de court ternie. L’etude 
ERPURS, realisee en region parisienne, a permis de 
degager de telles relations dose-effets (Medina 
1994). Cependant, rien n’assure que ces resultats 
sont transposables a Abidjan. En outre, la ville 
d’Abidjan ne dispose d’aucun reseau de mesure de 
la qualite de l’air. La mise en place d’un tel reseau 
serait la premiere condition a une meilleure connais- 
sance des donimages causes par la pollution atmos- 
pherique. 

Pour determiner les effets de la pollution atmos- 
pherique a long terme, il convient, en l’absence de 
reseau de mesure, de reconstituer un niveau de pol- 
lution nioyen. On procede donc en trois etapes: 
- lors d’une premiere etape, on calcule les emis- 

sions de polluants. Ce calcul repose sur 
l’estimation du parc de vehicule et des emissions 
unitaires. Ces donnees essentielles ne sont pas 
toujours connues avec precision; 

- lors d’une seconde etape, on evalue le niveau de 
pollution, a partir d’informations geographiques 
et meteorologiques, d’une cartographie de 
l’occupation du territoire et d’un modele de dis- 
persion; 

- lors d’une troisieme etape, on evalue les domma- 
ges de la pollution atmospherique a long terme, a 
partir de relations dose-effets de long terme. Ces 
dernieres, a la difference des relations dose-effets 

de court terme, sont mal connues. Leur dkmons- 
tration repose sur des etudes de cohortes soumises 
a differents niveaux moyens de pollution, sous 
contr8le d’autres facteurs de morbidite et de 
mortalite (tabagisme, alimentation, etc.). Dans 
une evaluation recente du coQt sanitaire de la 
pollution generee par le trafic automobile en Eu- 
rope (World Health Organization 1999), 
1’Organisation Mondiale de la Sante s’appuie sur 
deux etudes de cohorte americaines. Cependant, 
les conclusions de ces recherches americaines 
doivent encore Gtre confirmees par d’autres etu- 
des. En outre, il ne nous semble pas possible de 
transferer directement ces resultats amkricains au 
cas de la C6te d’Ivoire, car les conditions sanitai- 
res des deux pays sont tres differentes. 

3.1 2 Evaluer des coiits d’kvitenzent 
L’evaluation des coBts d’evitement pose moins de 
problemes niethodologiques que l’evaluation du coQt 
des dommages. On se contente d’evaluer les coQts 
de solutions technologiques et/ou reglementaires a 
mettre en ceuvre pour reduire les emissions de pol- 
luants. Deux ecueils sont cependant a eviter: 
- il convient de fixer des objectifs realistes par rap- 

port a l’etat initial du parc de vehicules. On ne 
peut pas transferer directement des normes ou des 
technologies franqaises sans les adapter au 
contexte ivoirien; 

- le coQt d’evitement varie evidemment selon 
l’objectif d’emission retenu. Par consequent, on 
doit proposer plusieurs scenarios de reduction de 
la pollution atmospherique et donc, plusieurs 
coQts d’evitement. Cette approche presente 
l’avantage d’offrir aux decideurs differentes so- 
lutions qui pourront Gtre mises en ceuvre progres- 
sivement. 

3.2 Mithodologie retenue pour le cas d ’Abidjan 
Nous avons pu mettre en evidence les limites des 
methodes couramnient utiliskes pour nionetariser les 
effets de la pollution atmospherique et les manques 
d’informations a Abidjan. Nous proposons mainte- 
nant une approche operationnelle des problenies de 
pollution atmosplierique a Abidjan. Cette approche 
consiste a: 
- donner des elements permettant d’apprecier les 

dommages generes par la pollution atmospheri- 
que due aux transports, sans aller jusqu’i la mo- 
netarisation; 

- proposer des coQts d’evitement correspondant a 
differentes strategies de reduction de la pollution 
emise par les vehicules. 

3.2.1 Appre‘cier les donimuges ginir is  par la pol- 
lution atmosphirique due aux transports 

Afin d’apprecier les donimages generes par la pollu- 
tion atmosplierique due aux transports, nous nous 
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appuyons sur: 
- une reconstitution du niveau de pollution imputa- 

ble a la circulation routiere; 
- des resultats de la litterature sur l’impact sanitaire 

de la pollution atmospherique; 
- des recueils d’inforniations aupres des autorites 

sanitaires abidjaiiaises. 
La ville d’Abidjan ne possedant pas de reseau de 

mesure de la pollution atmospherique, nous avons 
choisi de modeliser les emissions de polluants. 

Cette approche necessite de connaitre la compo- 
sition du parc et les trafics par type de vehicule. Les 
parcs de vehicules sont evalues par la SICTA (vehi- 
cules particuliers), la SOTRA (bus), la Ville 
d’ Abidjan (taxis-compteur et Woro-woro) et le Mi- 
nistere des Transports (Gbaltas). L’estimation des 
trafics repose sur l’enquste menages deplacenients 
de 1988. La matrice origines-destinations issue de 
cette enquete est actualiske en comparant les resul- 
tats de comptages recents et de comptages contem- 
porains de l’enquste menages. 

Nous pouvons alors modeliser les emissions de 
polluants en adaptant la methode COPERT, mise au 
point par 1’Agence Europeenne de l’Environnement, 
aux caracteristiques des vehicules circulant a Abid- 
jan. 

Enfin, nous cherchons a inettre en evidence les 
effets de ces polluants en collectant, aupres des h6- 
pitaux et des cliniques, des donnees relatives aux 
maladies respiratoires. Cependant, en l’absence de 
niesures de la qualite de l’air, nous ne pouvons pas 
iinputer claireinent une part de ces maladies respi- 
ratoires a la pollution atmospherique. 

Notre travail apporte donc un eclairage sur les 
dominages generes par la pollution atmospherique 
due aux transports, sans aller jusqu’a la monetarisa- 
tion de ces effets. 

3.2.2 Estimer des coats de riduction de la pollution 
atmosphkrique due aux transports 

Notre souhaitons proposer des estimations de cofits 
d’evitement de la pollution atmospherique qui 
correspondent a des politiques realistes. C’est pour- 
quoi nous choisissons d’evaluer les depeiises qu’il 
conviendrait d’engager pour: 
- rajeunir le parc de veliicules en circulation (avec 

plusieurs variantes possibles); 
- limiter l’usage de carburants plombes. 

I1 s’agit d’eclairer les decideurs sur le prix de dif- 
ferentes politiques de minimisation de la pollution 
atmospherique qui soient compatibles avec les 
contraintes financieres et les objectifs de develop- 
pement de la C6te d’Ivoire. 

problemes: 
- les incertitudes methodologiques liees a la mo- 

nttarisation des effets externes. La valeur d’une 
externalite depend d’abord de l’approche mone- 
taire retenue (coQt d’evitement ou coQt des dom- 
mages). Si l’on retient le coQt des dommages, on 
doit preciser le champ de l’evaluation (sante des 
hommes, rendements agricoles, atteintes aux b2- 
timents, etc.). Si 1’011 retient le coQt d’evitement, 
on doit definir clairementles objectifs a atteindre 
en terme d’emission; 

- les limites de l’information disponible. A Abid- 
jan, par exemple, l’evaluation de la pollution at- 
mospherique se heurte a l’absence de mesure de 
la qualite de l’air. 
C’est pourquoi nous nous effoqons: 

- d’expliciter les choix methodologiques et de tes- 
ter la sensibilite des resultats aux hypotheses de 
calcul; 

- de palier les manques de doiinees par la modeli- 
sation. Le transfert de nos modeles vers la C6te 
d’Ivoire s’accompagne alors d’adaptations au 
contexte local. 
Enfin, notre travail doit itre perennise a travers la 

mise en place d’un cadre de suivi des analyses. Nous 
proposerons donc, pour chaque dysfonctionnement, 
une liste limitee d’indicateurs robustes et faciles a 
collecter. La future Agence de gestions des trans- 
ports urbains (Agetu) sera chargee de maintenir cet 
d’observatoire du systeme des transports d’ Abidjan. 
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Programa de rearticulacion de 10s servicios de transporte publico 

E J. Diaz Casillas 
Direccidn Generu-al de Tmnsporte, Secretaria de Transportes y Vialidud, Mixico D. E ,  Mexico 

RESUMEN: El proceso de inodeniizacion de la Ciudad de Mexico pluntea el reto de reordeiiar eii foriiia 
integral a1 Sector Transporte, con la finalidad de garantizar a1 usuario t i n  sci-vicio de elevada calidad. En este 
scntido el Gobieriio del Distrito Federal ha puesto en niarcha el Programa dc Rai-ticulacion de 10s Servicios de 
Transpoi-te Public0 con una vision iiitegradora de las vialidades y SLI I-espectivo equipaniiento urbano, de 
rciiovacion del parque vehicular con teciiologia niodei-na y ecologica y clc alternativa eiiipresarial para las 
agi-upaciones de transportistas a efecto de iiiejorar las estructuras organizativa, tecnica y operativa que cubran 
satisfacloriaiiieiite la demanda del servicio. 

La modernizacion y el reordenamicnto integral del 
sector de traiisportes en la Ciudad de Mexico 
comprende la puesta en inarcha del Programa de 
Rearticulaci6n de 10s Servicios de Transpoi-te Piiblico, 
conio uiia linea estrategica fundamental del Gobiei-no 
del Distrito Federal, cuyo proposito es: Rearticular 10s 
Sci-vicios de Transporte Piiblico a ti-aves del 
cstablecimiento de la Red Basica de Transporte dc 
Superficie y su Equiparniento Urbano (Red Bisic! a) 
para asegurar a 10s habitantes de la Ciudad una 
operacion continua del servicio de transporte de 
pasajeros, sustentada en uiia mejor estructura 
organizativa, t h i c a  y operativa de las agrupaciones 
de transportistas qiie pei-niitan renovar el parque 
vehicular a efccto cie avaiizar en la atencioii de la 
deinanda, asi coiiio. elevar p garantizar la calidad del 
serv i c i 0. 

Las lineas cic acci6n clue constituyen la plataforma 
de la Real-tictilaciciii son: 

* La definicion de 33 corredores viales estratkgicos 
conio base del estableciniiento de la Red BBsica, 
considerando la reestructuraci6n de la organizacioii y 
clistribucion de espacios de 10s Centros de 
1 ransferencia Modal; ?. 

2 La apiicacion del Programa de Sustitucion de 
Microbiises por Autobuses a fin de renovar el parque 
\.eliicular y iiiejorar la atencion a la deiiianda del 
scrvicio de transporte piiblico de pasajeros; 

La conformacion de Sociedades Mercaiitiles de 
Transportistas coiiio la mejor alternativa en el proce $0 

2: de la iiiodernizacion del Transporte, buscando 
climinar 10s elementos que conforman lu figlira 
Iic,inbi.c-camii,ll; 

7 La licitacion de rutas coino instruniento 
coadyuvante en el proceso de rearticulacibn a1 
convoc;~r a 10s Transportistas que cucntan con la 
c a pac I d ad 1 
financicra para concursar y ser sujetos de adjudicacion 
dc alguna concesion para la explotacion dc 
determi nada ruta; 

t kcii i ca, adin i n i s t rat i v a, cc o nci in i ca 

Red Bdsicu de Transporte de Strperficie y S Z I  
Eqztipuiniento Urbano 

La Reestructuracion de la Red de Transporte de 
Superficie y Equipaiiiiento Urbaiio se realizara con la 
iiiiplantacion de 10s 33 corredores estrategicos que 
sieiido vias de comunicaci6n dirigidas a zoiias de 
iiiiportancia eii la Ciudad de Mkxico y conectores de 
ciilace coil iiiodos de traiisporte inasivo (metro y treii 
1 igero), perinitiraii configurar la Red Basica requerida 
para satisfacer la demanda en condicioiies adecuadas 
de calidad del servicio. Esta situacion contempla vias 
de caracter complementario. Actualniente, en dichos 
corredores operan un total de 6100 unidades entre 
autobuses articulados, autobuses, trolebuses y 
microbuses con 10s que se atieiideii alrededor de 4.3 
millones de 10s 9.3 inillones de viajes persona dia que 
se geiieran en la Ciudad, esta deinanda representa el 
46.2% del total que se atieiide con uiiidades del 
Consejo de Incautacion de Autotransportes Urbanos 
de Pasajeros Ruta-100, Servicio de Transportes 
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Electricos y Servicios Concesionados. (Grafica No. 
1) .  

La finalidad en estos corredores consiste en 
establecer UII reordenainiento inicial que asegL1l.e a 10s 
habitantes de la Ciudad una operacion continua y 
eiiciente del servicio pitblico de transporte de 
pasa:jeros, sustentado en una estructura administrativa, 
ticnica y operativa con una calidad de servicio 
adecuada para la ateiicion de 1a denianda. 

Las veiita.jas de la coniunicaci6n y conesicin, 111 

oJkrta Y 10s voliinienes diarios de demanda del 
servicio, la rotaci6n de usuarios p la sustitucion 
temporal del metro y/o treii ligero en C ~ S O S  de 
coiitingencia, literon 10s criterios fundamentales 
utilizados en Ia cle:linici6n dc 10s 33 corredores 
estratigicos. il\dicionaliiieiite, se consideraron 10s 
Centros de 'Traiislhmcia Modal. por ser espacios en 
10s que regularmente se eiicuentran cstablecidos 10s 
pintos cle origcn-clcstino del recorrido de 10s 
di ferent es nioclos tl c t ran sporte . 

El establccimiciito dc la Ited 13isica incluye el 
equipaniiento urbano en 10s corredores niediante la 
sefializacion e instalacicin de Parabuses con capacidad 
de colocar pub1 icidad y dar inf'oriiiacicin a la 
ciudadania. r\siiiiisiiio. considcrando In importancia 
de la participaciOn dc 10s iisuarios del transporte 
piiblico y dc l os  coiiccsionnritw cn cstc pi.occso, se 
ILYI I i XI r i  1x1 I Y I  1 c I ;I I 1 1 C' I i t c I I ii ;I C;I 111 1x1 ii ;I d c cl i liis i On 
dirigida a 10s priiiicros y reunioiics con 10s 

, i\cIcui;is. sc capacitari y adiestrarri a 10s 
cuerpos de \wi 1ic;iciOn del servicio piiblico cle 
Ixlsaicias concc.sioii;rdo J' sc tcndrli cl apoyo en 10 
rclkrcntc ;11 ;iusilio \*id. ;I travds del grupo 
dciioniiiiado I t a c h i ~ .  

Bajo cstc csqucma de iiiodernizacioii lit 
i iic o i p  rac i 0 11 cl c 1 o s -3 -3 c o rrc cl I) ICS es t ra teg i co s es t a 
proyectada eii dos ctapas, la primera, coniprende la 
definicion del imrco iiorniativo, tecnico y de 
operacion en un prograina piloto de siete corredores 
que durara diez iiicses y,  la segunda, corresponde a la 
realizacioii de 10s cstudios tecnicos e incorporacion de 
10s deinis corredorcs, eii un period0 de 24 nieses iiias. 

Los siete corrcdores piloto cubren una loiigitud de 
red de alrededor de -389.5 Kins., requiriendo para su 
esplotacion uii total de 13 15 autobuses del tipo 
urbano y consictcrmdo 10s autobuses que actualinelite 
operan cs neccsario sustituir 1 122 microbuses por 708 
autobuses. Asiiiiismo, se plantea ateiider alrededor de 
1.3 niilloiies de usuarios que representan el 14yo de 
10s via-jes que se gcnei-aii diariameiite eii la Ciudad. 
(Grafica No. 1 ). 

Sustitucidn de Microbuses por Autobuses 

La idea central de la modernization del transporte y, 
a su vez, garantia de elevacion en la calidad del 
servicio, se encuentra en la iniplantacion de la 
sustitucion de microbuses por autobuses, proceso 
que permitira cambiar las condiciones de deterioro 

de la niayoria de las 22,933 uiiidades de niicrobiis 
que dan servicio eii el Distrito Federal y que haii 
cumplido su ciclo de vida ittil reglaiiieiitaria de 6 
afios. (Grhfica No. 3). 
La sustitucion de unidades implica: elevar la 
eliciencia de 10s metodos de operacion y 
adininistracih; adoptar fornias nias avaiizadas de 
participacion en el niercado utilizando tecnologias 
cle control de informacion en la prograinacion y 
operacion del servicio a1 rnenor costo y, lograr 
me-jores iiiveles de rentabilidad. En este sentido, la 
f'actibilidad del progrania esta garantizada por la 
capacidad tecnol6gica y productiva de la industria 
automotriz iiiexicana, el nivel alcanzado respecto de 
10s estandares requeridos en materia ecologica (EPA 
98) y de conibustibles alternos y;  10s recursos 
financieros disponibles. 

En consecuencia, la iniplantacion del I'rogrania 
de Sustitucion de Microbuses por Autobuses se 
llevari a cabo en 10s 33 corredores estratkgicos 
seleccionados para configurar la Red Bisica y !,XI 
raiiialcs coniplenientarios, por tiieciio de la 
re. cl 1 ' -  iLcicioii I 

servirin de soporte eii la deterniinacion de la tasa de 
sustitucion de unidades de acuerdo a la dcmaiida real 
del servicio en cada una de las rutas, a fin de evitar 
la sobreoferta del niismo. 

Actualinente, se trabaja en la aplicaci6n de 10s 
criterios que deben observarse en ci mejoramiento de 
la eficiencia, rentabilidad, seguridad y calidad del 
servicio, dejando en claro que por las caracteristicas 
de la deinanda y la excesiva oferta del transporte 

de 10s estudios tecnicos rcspectivos que 
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piiblico de pasajeros, asi coiiio por 10s problemas de 
saturation vial y 10s elevados indices de 
contarninacion. la rnodernizacion del parque 
vehicular se realizara con unidades tipo autobus 
nuevas, por 10 que no considera la sustitucion de 
iiiicrobus por microbus, ni la repotenciacion de 
niotores. 

Debido a la prolifkracioii de la iiieiitalidad que 
eiicierra la tigurn hoiiibre-caiiiion a1 seiio de las 
orgaiiizaciones dc transportistas. la niodernizacion 
del sector sc ha \,isto obstaciilizada, especialiiiente, 
po r  la gcncraciOn dc ~ i i i  clima dc dcsconfianza hacia 
el sector por partc de las fiientes de fiiiaiiciaiiiieiito y 
por el teiiior n iiicurrir en la sobreoferta de unidades, 
tiiliiycntlo 1;is ~ ~ x p c c k i t i v a s  dc iiic~joixi. Ia ciilidad dcl 
scrvicio. 1 i i  cstc contexto, la convcrsi6n de 
sociedades civilcs de transportistas eii sociedades 
mercantiles constituye la me-jor alternativa para 
dotarse dc la Iigurn juridica, asi conio de la 
capaciclad admi 11 i strativa y financiera que perinitira 
realizar el proccso de sustituir iiiicrobuses por 
autobuses. 

Asiinismo, csta ligura legal de caracter 
asociativo, regulada por la Ley General de 
Sociedades Mercantiles. ofiece dotar de iiii perfil 
empresarial al sector. pues proporciona a 10s 
prestadores del scr\.icio 10s instriuiientos juridicos y 
adm i ni strati\,os ci uc se requieren para iiitegrar 
empressas ciiyii cstructura orghica periiiite lograr 
niveles m&s cle\.actos de eficieiicia y conipetitividad, 
en i i i i  ambientc dc seguridacl .juridica respecto a1 
patrinionio dc 10s socios o accionistas. Ademas, 
briiida la opci6ii ;I 10s transportistas de orgaiiizase 
con base a las siguientes figuras asociativas: 
Sociedad Anoninia, Sociedad de Responsabilidad 
Limitada, Socicdad Cooperativa y Eiiipresa 
lntegradora. 

De igual mancla. este esquenia empresarial abre 
Ia oportuiiicinci clc que 10s socios o accionistas 
generen las condicioiies propicias que consoliden su 
participaciOn en cl desarrollo del sector con iiiayores 
posibilidadcs dc inci~enicntar 10s ingresos, dado clue 
conio eiiipresa sc teiidria la capacidad. entre otras 
cosas. de: 

J IiedLicir co.sto\ de o p ~ r x ~ o i i  iiiediailte Ia 
ctisposiciilii tlc fbndos para la adquisicibn en 
comiiii dc cqii ipo, ref'acciones. accesorios, etc.; 

J OptiiiiiLar 10s recursos mcdiante Ia 
cstructuraciOii de esquenias diniiiiicos y 
efectivos dc maiiteiiiiiiieiito de las unidades, 
alcaiizando 10s niLfeles adecuados de operaci6ii y 
p roduc t i \J i ci ad q LI e deni and a e 1 segment o de 
niercado a cubi ir dentro del sector; 

adquisicion de autobuses con teciiologia de 
vanguardia y elevado valor en el mercpdo 
secundario, que permita ofrecer un servicio de 
calidad, recuperar la inversion y renovar 
c o 11 t inu amen t e el p arque veli i cu 1 ar . 

Por su parte en el piano financiero, las sociedades 
:iicrcantiles abren la posibilidad de acceder a 
sistemas de credit0 mis  conveiiientes y propicios 
para fortalecer la inversion en proyectos que 
contribuyan a eficientar las areas de admiiiistracion, 
o p erac i on, in fraest ruc t u ra y eqii i p o d c 1 a em p res a, 
con miras a consolidar figuras empi-esariales del 
sector con finanzas saiias y niveles importantes de 
rc11 t a b i I i c lact .  

E11 este rengloii, el Gobierno de la Ciiidaci de 
;v!6sico proporcionara asesoria a 10s transportistas 
s-obre Sociedades Mercantiles con el objeto de 
(iespejar dudas y teinores sobre la materia, en la idea 
de generar un clima de credibilidad que permita a1 
;ector obteiier creditos baiicarios o ai-rendaniientos 
qiie ayudeii a disipar 10s prejuicios del historial de 
cai-tera vencida y el miedo de volver a incurrir en 
situaciones de sobreoferta. 

Con base en 10 aiites expuesto, el impulso de esta 
nueva cultura enipresarial de inversioiiistas del 
traiisporte de la Ciudad de Mkxico coiiducira a 
rebasar con disciplina la concepcion de la figura 
lioinbre caiiiion que existe entre 10s transportistas y, 
con ello, garaiitizar el mejoraniiento de la calidad del 
servicio en favor del usuario. 

Licitclcrones de 10s Servicios tic Tiwiisporte 
PiihIico cle Pcisujeros 

La licitacion de riitas es i i i i  instrumento 
coadyuvante, en el proceso de rearticulacion de 10s 
Servicios de Traiisporte Public0 de Pasajeros, a1 
coiijuntar uiia serie de elemeiitos tecnicos, 
administrativos, econornicos y fiiiaiicieros que 
ofreceii a 10s transportistas organizados la 
posibi lidad de participar en uiia coiiipeteiicia 
equitativa por la obtencion del Titulo-Coiicesion que 
les pemniitira la explotacioii de uiia ruta detenniiiada 
y la modeiiiizacibn del servicio de transporte 
obteniendo uiia rentabilidad adecuada y, a SLI vez, 
beiieficiaiido a 10s usuarios con u i i  iiiejor servicio. 

Para ello, la Secretaria de Transportes y Vialidad 
piiblico el 1" de julio del presente aiio la 
Convocatoria dirigida a las agrupacioiies de 
transportistas para iiivitarlos a participar eii 10s 
conciirsos piiblicos nacionales, a fin de obteiier eii 
concesion la prestacion del servicio public0 de 
traiisporte de pasajeros en autobuses con itinerario 
tijo de 17 Rutas que actualmente opera el Coiisejo 
de Incautacion de Autotraiisportes Urbanos de 
Pasajei-os Ruta- 100, previa realizacion de estudios 
Declaracioii dc Necesidad. 
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Los asjseclos bhsicos cltie deben cubrir las 
sociedades inercantiles de transportistas son: 
Acreditar SLI capacidad tecnica, adniinistrativa, 
econoniica y finaiiciei-a que les permitira cumplir 
con las responsabi lidadcs espccificas de cada una de 
las rutas y coil la prcsentxi6n de la propuesta 
econoniica cltic Acberi contemplar 10s montos dc la 
iiiversion cii sus difcreiites i-iibros p las fuentes de 
fi nanc i am i en to, 111 i sm o s q ue deb er an g U ard ai- 
consistencia coii 10s sefialados en la propuesta 
tdcnica. 

La adjticiicaci0ii clc la concesion de 10 afios 
prorrogables scii  otorgada a la sociedad niercantil 
cltic Iinbiciido apiwhnclo la cv;iltiaciciii tdcnica, haya 
ii,rmuIado 1:i iiicjoi- ol'crta cconcimica de actterdo a 
las bases del coiictirso y presente el iiienor costo de 
operacioii o tari l*a cie cquilibrio en funcion de la 
demaiida y la oferta correspondiente. 

La finalidad de coiijuntar y operar 
siiiiultaneamente estas liiieas de accioii es lograr la 
iiiejora continua cn la calidad del servicio de 
transporte piiblico de pasajeros confoi-me 10s niveles 
de demaiida, 10 cual traera beiieficios de diversa 
indole tales conio: 

J La articulacion de servicios en vialidades 
importantes y la sustitucion de unidades que 
daran una mayor fluidez eii el transit0 de 
vehicu 1 o s. 

J El equilibrio cntre la oferta y la demanda de 
traiisporlc piiblico cie pasajcros en 10s corredores 
estratcgicos '11 rcsolverse la sobreoferta de 
parque vehicular que presta el servicio. 

J Una niciioi' cmision de contaminantes por la 
utilizacion dc autobuses con teciiologia 
avanzada, clue favorecera a1 niedio ambiente de 
la Ciudad. 

J La mayor eficiencia en el servicio conio 
product0 de la conversion de sociedades civiles 
de transportistas en sociedades mercantiles. 

J Una niejor \~iiiculacioii eiitre el Gobiemo del 
D i s t r i t o Fed c I-a 1, I as em p resas auto nio tri ces , 1 as 
arrendadoras c instituciones financieras coii 10s 
transportistas a fin de brindar un servicio de alta 
calidad a 10s usuarios y, 

Coii clusidn 

La configuracion de la red basica, ia sustitucion de 
microbuses por autobuses, la confoniiacioii de so- 
ciedades mercaiitiles de transportistas y la licitacion 
de rutas, se constituyen como las accioiies centrales 
que siiiiultaneamente pennitirh,  eii uii ambieiite de 
financiamiento propicio, la Rearticulacio~i de 10s 
Servicios del Traiisporte Public0 en la Ciudad de 
Mkxico, daiido paso a la confomiacion de uii sector 
de transpoi-te public0 modemo y de elevada calidad 
en la prestacion del servicio. 

, 

J La generacion cie las condiciones propicias para 
el desai-1-0 110 cie tiiia Cultura Empresarial de 
Inversionistas del Traiisporte de la Ciudad de 
Mexico. 
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Politica tarifaria y sustentabilidad en la Ciudad de Mkxico 
Tariff policy and sustainability of Mexico City 
Politique tarif et durabilitk de la Ville du Mexique 

Leticia Bonifaz Alfonzo 
Directora General de Regulacio'n a1 Transporte, SETRAVI-GDF, Mexico 

RESUMEN: En la Ciudad de Mexico el transporte piiblico de pasajeros atieiide diariamente alrededor de 15 millones 
de viajes, pasajero-viaje por dia (P-V/D). El rapido aumento de poblacion y el desarrollo insuficiente del transporte 
piiblico colectivo ha provocado uii auniento considerable en 10s vehiculos de poca capacidad con alto consumo de en- 
ergia. Esta situacioii ha contribuido a1 increment0 en el congestionamiento del trafico y el detrimeiito de la calidad del 
aire. Las consecuencias para la salud publica derivadas de la degradacion ambiental han sido tambien ampliameiite 
detalladas y analizadas por inuclias agencias inteniacionales desde hace 20 aiios. Es necesario que esta Ciudad esta- 
blezca uii replanteamiento en su politica tarifaria del transporte para que se centre en la inclusion de 10s costos y be- 
neficios (econoinicos, sociales y ainbientales) debiendo estructurarse de tal nianera que sea flexible y dinainica a 10 
largo del tieiiipo y peimita alcaiizar la eficiencia y sustentabilidad. 

ABSTRACT: It is considered that the public transportation of passengers assists daily around 15 million trips. pas- 
senger-trip per day (P-T/D). However, the fast population increase and the insufficient development of tlie collective 
public transportation has caused an increiiient in the vehicles of little capacity with high energy consumption. This 
situation has contributed to the increment in the traffic congestion and to worsen tlie quality of the air. The conse- 
quences for the public health derived from the eiivironniental degradation have also been for 20 years copiousl!? de- 
tailed and analyzed by iiiaiiy international agencies. It is necessary that this City establishes a redesign in its tariff 
politics of tlie transportation so that it is centered in the inclusion of the costs and benefits (economic, social and envi- 
roiunental), in all tlie ways of transportation and it should be stnictured in such a way to be flexible and dynamic 
through time and that allotvs the efficiency, the equity and the sustainability. 

€&SUME: On le considere que le transport public des passagers aide quotidiennenient autour 15 millions de voyages, 
passager-voyage par jour (P-T/D). Cependant, l'augnientation rapide dc populatioii et le developpenient insuffisaiit du 
transport public collectif a cause un increment dans les vehicules de peu de capacite avec la coiisomniation d'energie 
dlevee. Cette situation a contribue h l'increment dans l'encoinbrement du trafic et pour empirer la qualite d'air. Les 
consequences pour la mite publique ont derive de la degradation eiiviroiuieiiieiitale ont egalenient eu lieu pendant 20 
annees copieusement detaillees et analysees par beaucoup d'agences internationales.11 est nkcessaire que cette ville 
dtablisse iine iiouvelle conception dam sa politique de tarif du transport de soite qu'elle soit centrke dans l'inclusion 
dzs coilts et des avantags (econoniique, social et eiiviroiiieiiiental), dais tout voie transport et devoir stnicturer dans 
tcl iin voie pour flexible et dynamique traversant temps et cela pennettre efficacite, equitk et sustainability. 

El servicio publico transpoi-te de  pasajeros es la ac- 
tividad a traves de  la cual el Distrito Federal satis- 
face las necesidades de transportacion, por si, o a 
traves de concesionarios, y se ofrece al publico en 
general en diversos inodos d e  transporte, de forma 
continua, uniforme, regular, perinanente e ininter- 
rupida. Conforine a la Ley de  Transporte del Dis- 
trito Federal, dicho servicio se clasifica en individ- 

ual, colectivo y masivo; cada una de estas 
modalidades tiene caracteristicas operativas es- 
establecer la estructura tarifaria aplicable a cada 
lino de ellos. 
Actualmente se presta mediante 10s organismos de- 
scentralizados de  transporte, el Sistema d e  Trans- 
poi-te Colectivo METRO, el Servicio de Trans- 
portes Electricos (encargado de  adininistrar el 
s e r  .' ;io de  trolebuses, autobuses articulados y tren 
ligero) y el Consejo de  Incautacion de AUPR-100. 
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Por otro lado esta el transporte concesionado que 
opera en diversas modalidades y servicios, tales 
coin0 autobuses, microbuses, combis y taxis libres 
o de sitio 
El Transporte de Pasajeros es una actividad vital 
para la Ciudad, en virtud de la inagnitud de la de- 
niaiida que satisface, la cual representa al 81.7% 
del total de tramos de viaje que en promedio diario 
que se generan en la Zona Metropolitana de la Ciu- 
dad de Mexico' Lo anterior nos perinite ubicar la 
verdadera dimension de la problematica del Trans- 
porte en la Ciudad de Mexico. 
Desde esta perpectiva el transporte de pasajeros se 
plantea como un factor de transformacion, ademas 
de ser una actividad econoinica y social trascen- 
dente para el desempeiio de las actividades que se 
realizan en el Distrito Federal. Existen dos aspectos 
importantes para SLI buen desempeiio, garantizar 
con una eficiencia adecuada la movilidad de la po- 
blacion a un precio justo y que el servicio mantenga 
uiia rentabilidad adecuada para el prestador del 
servicio, de tal manera que se foinente el desarrollo 
adecuado de este sector. 
Conforme a 10s articulos 63" y 65" del Reglamento 
para el Servicio de Transporte de Pasajeros en el 
Distrito Federal, la revision de las tarifas que se 
aplican a1 servicio publico de transporte de pasa- 
jei-0s se realiza con base en las solicitudes que pre- 
senten 10s prestadores del servicio, las cuales deben 
estar soportadas por informacion tecnica sobre sus 
costos e ingresos, asi como de la eficiencia con que 
operan, einpleaiido 10s formatos y/o estudios tecni- 
cos que para el efecto publique la Secretaria de 
Transportes y Vialidad 
En este ordeii de ideas, la determinacion o incre- 
mento de tarifas por sus implicaciones economicas, 
constituye un problema complejo, en el cual con- 
fluyen multiples variables de indole operativa, 
econoinica y financiera, cuyo comportainiento in- 
fluye en el l o g o  de 10s siguientes objetivos: 

La satisfaccioii de Ins necesidades sociales de tram- 
pork con calidad. 
a1 cobro de tarifas accesibles, que no constituym 
uiia restriccion a su movilidad y a su economia. 
Garantizar una retribucion justa a 10s prestadores 
del servicio por la inversion realizada y establecer 
10s eleineiitos para su saiio desarrollo economico. 
Proinover el desarrollo del sector logrando una op- 
eracion eficiente. 
Contribuir a la proteccion arnbiental de Is Zona 
Metropolitana de la Ciudad de Mexico. promovi- 
endo el maxim0 aprovecliamiento del parque ve- 
hicular, manteniendo una operacioii optima y el us0 
de vehiculos con teciiologias que geiiereii bajas 
eiiiisiones coiitaminaiites para la prestacion de diclio 
servicio. 

Esta Zona incluye 28 Municipios conurbados y el Distrito 
Federal. 

Resulta imposible soslayar el aspect0 politico que 
rodea a las decisiones en materia de tarifas del 
servicio publico de transporte de pasajeros, 10 cual 
acentua la necesidad de que estas se tomen sobre 
bases solidas en cuanto a1 manejo de la informacion 
que permita determinar el comportamiento de las 
variables asociadas a1 problema. 

2 MARCO JURIDICO. 

El marco juridic0 en materia de tarifas del servicio 
publico de transporte de pasajeros, 10 componen la 
Ley de Transporte del Distrito Federal y el Regla- 
mento para el Servicio de Transporte de Pasajeros 
en el Distrito Federal. 

2.1 Ley de Tmmpor.te del Distrito Federd. 
En resumen, la Ley de Transporte considera un 
capitulo en donde se desarrollan 10s terminos gene- 
rales para la fijacion o modificacion de las tarifas 
del servicio publico de transporte de pasajeros en el 
Distrito Federal en sus diversas modalidades Los 
puntos basicos que se establecen son. 
Las tarifas para el transporte de pasajeros en todas 
sus modalidades se proponen por ia Secretaria de 
Transportes y Vialidad a1 Jefe de Gobierno quien es 
el responsable de fijarlas Son conocidas por 10s 
usuarios a traves de la Gaceta Oficial y dos periodi- 
cos de mayor circulacion, cuando inenos con cinco 
dias de anticipacion a su entrada et1 vigor 
Para el analisis que habra de servir de sustento para 
fijar o inodificar las tarifas la Secretaria debe con- 
siderar en cada modo de transporte, el tipo de 
servicio, el salario minimo general vigente, el precio 
unitario del energetic0 de que se trate y el Indice 
Nacional de Precios a1 Consumidor Ademas de 
la prestacion del servicio 

2.2 KeglameTito p r . a  eI Sei.vicro de 

I. 'tdwa I: 
~~Lll'ISJW~tL. de I'GlSCTJL'r'O5 er1 eI L)IS&ltO 

En este Reglamento se consideran 10s criterios para 
fijarlas y modificarlas pudiendo establecerse cuatro 
tipos de tarifas 
Diferencial Se refiere a1 precio que se paga por la 
prestacion del servicio en funcion de la distancia 
recorrida, o bien por las caracteristicas, clase o tipo 
de servicio 
Promocional Se aplica una reduccion en el precio 
establecido del seivicio, con el proposito de fo- 
mentar y atraer una mayor demanda, ademas de 
apoyar la economia del usuario 
Especial Es el precio que cubre por la prestacion 
del servicio, derivado de un acuerdo de caracter 
social, en beneficio a diversos sectores de la pobla- 
cion 
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ljiiica o Plana. ES el precio fijo que se paga por la 
prestacion del servicio, sin iinportar la distancia y el 
tiempo. 
La Secretaria para presentar su propuesta de fi- 
jacion, revision y inodificacion de las tarifas, debe 
elaborar un estudio tecnico previo, mismo que in- 
cluira la informacion relativa a1 desempeiio y costos 
operacion del servicio en la clase de transporte de 
que se trate. 
De igual forma 10s estudios deberan reflejar las 
practicas de operacion de acuerdo a las car- 
acteristicas que cada modalidad de servicio debe 
ofrecer. 
Pars la adecuada evaluacion en la revision tarifaria 
10s estudios tecnicos deben contener por 10 inenos 
10s aspectos siguientes: 

La definicion del costo de la inversion requerida 
para proporcioiiar 10s servicios. 
Las iiiejoras de productividad y reduccion de costos 
que seaii alcaiizablcs iiiediante el iiiejorainieiito 
tCciiico de la operacion y cle la adniinistracion de In 
empress. y 
Los costos que se deriveii de la operacioii y el niaii- 
teiiiniieiito de la capacidad instalada. 

U 

3. MI~TODO. 

En el Reglamento se establece el procedimiento 
para el calculo de ajuste para modificar la tarifa, y 
con fundamento en 10s estudios realizados, la Se- 
ajuste, de acuerdo a la siguiente fbrmula: 

IT = [E (APE) + SM (ASM) + DA (ADA) + 
(MTTO+ID) (INPC2/INPC 1) (I-X) 
Donde: 

IT : 
E: 
APE: 

SM: 
ASM: 

DA: 
ADA: 
MTTO : 

ID: 
rNPCI : 

rNPC2 : 

Increineiito tarifario 
Tipo de Energetico utilizado 

odo de andisis 
Salario iiiiiiiino 

del periodo de analisis 
Derechos adniinistrativos 
Increineiito en 10s derechos administrativos 
Costo del mantenimiento en un periodo 
anus1 
Insumos diversos aiiuales 
Iiidice Nacioiial de Precios a1 Consumidor 
correspondientes a1 el ines en que se autorizo 
la tarifa vigente 
Iiidice Nacional de Precios a1 Consumidor 
correspondientes a1 mes en el que se autori- 
zari el increniento 

Increiiiento del energetico, dentro del peri- 

Increinento eii el Salario Miniino, dentro 

La innovacion de este metodo para el calculo y de- 
terminacion tarifaria consiste en una redefinicion de 
10s formatos. Para el transporte que ofrecen 10s 

Organismos Descentralizados y de las Empresas de 
transporte concesionado, se definieron tres forma- 
tos: estructura de costos a nivel de empresa, datos 
de operacion y mantenimiento a nivel de ruta y es- 
tructura de costos y operacion para una inuestra 
representativa de vehiculos a nivel individual. 
Para 10s concesionarios microbus, taxi libre y taxi 
de sitio, se establecio Lin formato de estructura de 
costos de operacion. 
De tal manera que para determinar el increinento 
tarifario de acuerdo a las nuevas estructuras de 
costos se diseiio un inodelo que permitiera el ajuste 
tarifario de acuerdo a 10 siguiente: 

CB = E + SM + DA + MTTO + ID ( 1 )  

Donde: 
CB: Costo base 
E: Eiiergetico (Costo del energetico en un 

periodo anual) 
SM: Salario ininiino (Costo de sueldos y 

salarios de Liii periodo anual) 
DA: Derechos adniinistrativos (Costo de 10s 

derechos adniinistrativos eii un periodo anual) 
MTTO : Manteniiniento (Costo del mantenimiento 

ID: Insunios diversos (Costo de 10s insunios 
diversos en un periodo anual) 

CA = {E(AE) + SM(ASM) + DA (ADA) + (MTTO + 
ID)(INPC2/ INPC 1)) (2) 
Donde 

c4 
E 
AE 

SM 
AS M 

DA 
ADA 

MTTO 
ID 
INPC 1 

lhPC2 

Costo actualizado 
Energetico 
Incremento del energktico (En el periodo 
de anidisis) 
Salario niininio 
Iiicreinento de 10s sueldos y salarios (En el 
periodo de andisis) 
Derechos adniiiiistrativos 
Incremento de 10s derechos adniinistrativos 
(en el periodo de andisis) 
Mantenimieiito 
Iiisuinos diversos 
Iiidice Nacional de Precios a1 Consumidor 
(Eii el ines en que se autorizo la tarifa vi 
gente) 
Iiidice Nacional de Precios a1 Consumidor 
(Proyeccion del INPC eii el ines eii el que se 
autoriza el iiicreniento) 

Deterininacion del Increinento aplicable a la tarifa 

AT = { [(CNCB)-l](l-X)} + 1 ( 3 )  
Dondc: 

DT: Increinento Tarifario 
CB: Costo Base 
CA: Costo Actualizado 
( I  - X): Factor de Ajuste por Productividad 
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En relacion con la formula para la deterininacion 
del incremento tarifario esta se basa en: Las es- 
tructuras de costos que son diferentes para cada 
modalidad, y el incremento real de 10s precios en la 
medida que esto sea posible, y tomando en cuenta 
el deseinpeiio de estos desde el punto de vista de su 
operacion fisica. 

4. EVOLUCION DE LA TARIFAS. 

A partir de inarzo de 1995 se han registrado tres 
incrementos para 10s servicios que prestan 10s con- 
cesioiiarios y permisionarios, asi como de 10s or- 
ganisinos descentralizados de transporte. 

La inagnitud de 10s increinentos se encuentran 
entre el 72% y 289%. Estos incrementos no han 
1994 a la fecha, 10 que implica una falta de recu- 
peracion en su nivel tarifario. 

5 .  DIAGNOSTIC0 DE LOS PRESTADORES 
DEL SERVICIO. 

Los ingresos y costos reportados por 10s organis- 
mos de transporte del Gobierno del Distrito Fed- 
eral: Sistema de Transporte Colectivo, Metro, 
Servicios de Transportes Electricos y el Consejo de 
Incautacion, implican elevados subsidios a1 trans- 
porte que afectan las finanzas del Gobierno, amen 
de 10s recortes a1 presupuesto. Asimismo, las nece- 
sidades de inversion de dichos organisinos conlle- 
van la necesidad de ajustar las tarifas a 10s costos 
reales en 10 posible. En 10 concerniente a 10s conce- 
sionarios y permisionarios del servicio, se distin- 
guen diferentes situaciones. En el caso de 10s 
prestadores del servicio colectivo de ruta fija, 10s 
margenes de utilidad que se deducen a partir de sus 
datos de costos e ingresos son aceptables; en cam- 
bio para 10s prestadores del servicio en su modali- 
dad individual, 10s margenes de utilidad estiinados 
en funcion de su informacion de costos e ingresos 
que generan son bajos. 
La observacion mas generalizada se refiere a la baja 
captacion de usuarios que reportan 10s diferentes 
prestadores del servicio, situacion que afecta por 
partida doble sus inargenes de utilidad, ya que por 
un lado evita que se diluyan 10s costos y por el otro 
significa menores ingresos. En general, la decision 
para establecer el incremento a las tarifas debe con- 
siderar que se promueva la eficiencia y productivi- 
dad de 10s prestadores de servicio, a efecto de que 
10s intereses de 10s usuarios no se vean afectados. 
Cabe seiialar que la clase de menores recursos es la 
mas afectada por este tipo de decisiones. 

6. LA TARIFA COMO INDICADOR DE 
SUSTENTABILIDAD 

El interes creciente en el desarrollo sustentable ha 
sucitado la inquietud de crear indicadores suscepti- 
bles de medicion. Este proceso se ha visto obstacu- 
lizado por la falta de indicadores adecuados y la 
informacion para medirlos y analizarlos. La transi- 
cion hacia la sustentabilidad depende en gran 
medida de la aplicacion afortunada de programas 
de conservacion y desarrollo a nivel local. Debido 
a1 elevado costo de esperar a obtener mas informa- 
disponible en un marco que ayude a individualizar 
las dimensiones insostenibles de la economia en sus 
diferentes rubros. Actualmente, se utilizan diversos 
indicadores y criterios de sustentabilidad con 
ligeras variaciones de tal manera que las pocisiones 
economica y ecologica se centran en: 

La utilizacioii de 10s recursos renovables a tasas 
iiieiiores o iguales que las tasas naturales o contro- 
ladas de recuperacion. 

a La produccion de desechos a tasas iiiferiores o 
iguales que la capacidad de asimilacion del medio 
aiiibieiite para absorberlos. 
Oprtimizar la eficieiicia con que se utilizan 10s re- 
cursos no renovables, por iiiedio del avance tec- 
iiologico. segiin 10 determine la proporcion en que se 
puedaii sustituir 10s recursos no renovables por 10s 
renovables. 

0 

La discusion sobre ambiente y econoinia se ha 
enfocado erroneamente coiiio una cuestion de in- 
tercambios: Esta perspectiva se apoya en una 
vision estrecha del desarrollo economico, que suele 
rnedirse en terminos del PIB (product0 interno 
biuto) U otros indicadores inacroeconoinicos en 
forma convencional. En el caso de la Ciudad de 
Mexico la creciente deforestacion, la erosion de 10s 
suelos, la congestion urbana y la contaminacion 
tienen iinportantes repercusiones negativas en la 
calidad de vida. Hay importantes testimonios tanto 
de que la calidad de vida coin0 el ritmo de de- 
sarrollo econoinico hubiesen sido mejores de 
haberse dad0 atencion a las limitaciones que im- 
poiiia el ambiente desde el principio. Si bien en la 
Cd. de Mexico el panorama general de la eficiencia 
en la utilizacion de 10s recursos y el control de 
einisiones containiiiantes ha inejorado en cierta 
medida, sus repercuciones en terminos globales son 
aun minimas, de tal manera que la perspectiva a 
hturo para lograr un transporte urbano sustentable 
se encuentra en hncion de politicas de inversion 
complementarias y regulacion que permitan de- 
sarrollar un modelo que determine tarifas: 

Economicamente eficientes 
a Ecologicamente susteiitables 
m Socialinente justas 
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La politica tarifaria debe reflejar un sistema de in- 
centivos y desincentivos economicos y regulatorios 
a partir de  su costo beneficio ambiental reorien- 
tando la definicion e increment0 tarifario para que 
siiva como un indicador de sustentabilidad de  la 
Ciudad 
En ese sentido, la definicion de politicas sus- 

tentables para el tranporte public0 de pasajeros 
busca: 

Hernandez. Secretarin de Transportes y Viali- 
dad LlF. I997 

- (hia metodologica de cczpacitacidii eii gestion 
trinbiental urharm. PN~JLMINOPS. 199 7 

- E.sfrutegias de traqporfe hi t egradas para vii 

desizrrollo .s~.sieiit~ihle. Michael Repogle Con- 
, firencirr Iiiteriiacioncrl Htrcia im fraiisporte lim- 
pio. Mernoria. Mtxico 1994. 

- Lev de Trarisvorie del Dislrito Federal. (;aceto 
Mantener las tarifas que aplican 10s organisinos es- 
tatales en un nivel igual o menor a las de 10s conce- 
sionarios del servicio colectivo de ruta fija, a efecto 
de evitar que la demanda se siga desplazando hacia 
10s modos de transporte de tnenor capacidad que op- 
eran estos ultimos y promover el aprovechaniiento 
de la capacidad de 10s servicios estatales. 
Adoptar una politica diferenciada en cuanto a las 
tarifas de las distintas modalidades de servicio. a 
efecto de que se aprovechen las economias de escala 
que son capaces de generar 10s modos de traiispoite 
de mediana y alta capacidad. 
Asociar acciones tendientes a hacer mas eficiente la 
operacion tanto del trmsporte estatal coma del pri- 
vado a la autorizacion de nuevas tarifas. a efecto de 
evitar que la baja productividad recaiga sobrc 10s 
usuarios del servicio, y de este mod0 promover que 
la ecotiomia de 10s prestadores del servicio no de- 
penda esclusivamente de la tarifa. 
Adecuar la capacidad de servicio a la demanda. a 
efecto dc reducir el impacto que genera la baja cap- 
tacion de usuarios en 10s costos e ingresos del servi- 
cio. 
Proinover la introduccion de inedios electronicos de 
peaje para eliniinar la limitacion que impone a la 
detenninacion de tarifas las denominaciones de la 
moneda, y de esta inanera poder reflejar con pre- 
cision 10s increnientos que se determinen, asi conio 
facilitar que la estructura tarifaria refleje la distai- 
cia del viaje en 10s modos de transporte en que actu- 
alniente no se considera. coma es el caso del Metro. 
Reforzar In regulacion para hacer niis eficiente la 
prestacion de estos servicios p desregular aquellas 
actividades que desalientan el autornovil particular 
como son 10s autobuses escolares y de personal. 

Buscar la reordenacion de rutas y estimular 10s mo- 
dos de transporte masivo o aquellos vehiculos cuyas 
tecnologia reduce considerablemente las emisiones 
contaniinantes. 

()&id del bistrifo Federal (19 de map de 
1999). 

- lieglnrnento pmyr e/ ,'+ri)icio de TraiT,sporfe de 
I'nsqjeros eii el Distrito Federal, (?ace fa  Oficinl 
del Distrito Federnl, (23 de agosto de 1999). 
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Modalities of a public-private partnership in financing Delhi MRTS 
Modalitks d'une association privke-publique pour la finance de M&ro urbain de Delhi 

Sushi1 Verma 
Rail India Technical and Economic Sewices Limited, New Delhi, India 

ABSTRACT: Public agencies' inadequacy in provision of infrastructure support for urban development 
hardly needs any reiteration, nor does the fact that infrastructure provision, particularly in the context of a city 
with per-capita income as that of Delhi, would remain (and should remain) largely a public service. This di- 
chotomy essentially then points to a partnership option where the public bodies look for a partner in the non- 
government sector for supplementing its resources. For making the partnership happen there are two basic 
questions that need to be answered.1) Why the partnership or what would bring the private sector and the 
public sector logether? The answer to which is that this goal convergence could be the integration of transport 
with land developnient.2) How the partnership?-For construction of MRTS facilities and property develop- 
ment, a joint development approach through a "Special Project Vehicle'' (SPV) is proposed. The partners in 
the joint venture would be under a legal contract. It is important not to star2 with a.final plan and then start 
looking for,funds. The development of the plan should rather be based upon the existing and future funding 
possibilities, which may consist both of monetary outlays and contributions in kind or the non-monetary out- 
lays in the form of public law, sweat equity etc. 

RkSUME: Anienagement de l'infrastructure pour les villes est pour la plupart la responsibilite des 
gouvernements, en particulier dans le context des pays en developpement. Mais on connait bien que les 
agences publiques n'ont pas de moyens necessaires de remplir cette responsibilite a cause de leur situation 
financiere. Alors, elles cherchent d'autres methodes de finance et en la sitiation actuelle de liberalisation, 
association avec les enterpises privees devient une option plus attrayante. Pour reasliser la partenariat, il y a 
deux questions a considerer : pourquoi la partenariat ou comment est-ce-que le secteur privee et le secteur 
public travaillent ensemble ? Integration de developpement de transport et de developpement urbain serait la 
reponse a cette question. La deuxieme question - comment fonctionne cette parteneriat ? Pour la construction 
du metro et le developpement de propriete, il est recommade que le developpement de tous les deux c8tks au 
nioyens d'une (( organisation speciale N. Les partenaires dans ce project seront regles par un contract. I1 
iiiiporte que l'on ne commence pas par un plan definitif et apres cherche la finance. Par conte, le 
developpement de ce plan sera plOtot base sur la finance actuel et les possibilites de fonds a l'avenir qui peut 
consister en les moyens financiers et les moyens materiels ou les moyens non financiers come le droit public, 
actions etc. 

1 INTRODUCTION 

In the fall of 1989, Delhi Administration conimis- 
sioned a study to explore the feasibility of a rail 
based mass transit system for Delhi. The terms of 
reference for the consultants, Rail India Technical 
and Economic Services Ltd. (RITES) were to ex- 
amine the technical and financial viability of the 
proposal. 

1.1 Background of the Study 
Since the nineteen sixties, the city of Delhi has wit- 
nessed an unprecedented urban growth. The popula- 
tion of the city grew from 2.36 million in 1961, to 
5.73 million in 1981 and studies revealed that the 
trend was only to go on'. This phenomenal growth 
has been partly due to the natural growth of the 
population. But like most urban centers, a large part 
of this can be attributed to migration of the people 
who come to Delhi from smaller cities and the rural 
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hinterland, in search of better economic opportuni- 
ties and get settled in the city. For the metropolis, 
this means an increased pressure on its already 
stressed infrastructure, including the transportation 
network. The situation is not made any easier by the 
large floating population, which comes to Delhi 
from the neighboring towns and cities to work eve- 
ryday. 

Recognizing this problem being faced by the metro- 
politan Delhi, and the need to take immediate action 
to ameliorate the situation, the National Capital Re- 
gion Planning Board (NCRPB) was constituted un- 
der the NCR planning board act, 1985, nearly 25 
years after the concept was first introduced. The 
NCR extends over a geographical area of about 
30,000-sq. km. covering the national capital territory 
of Delhi and spreading over 3 adjoining states. A 
number of studies were commissioned by the board, 
with the objective of identifying strategies for re- 
ducing the rate of migration to the metropolis in or- 
der to affect a balanced urban growth in the region 
in pursuance of the objectives it was set up to meet. 

One of the proposals made in these studies was to 
develop an efficient transport network within the 
NCR and link it to a mass transit system in the city 
of Delhi. Improved mobility within the region was 
expected to shift the preference, of those living in 
the smaller cities and towns around Delhi, in favor 
of daily commuting over migrating there. It was 
against this background that the present proposal for 
a Mass Rapid Transport System (MRTS) for Delhi 
was conceived in the year 1989. Responsibility for 
implementing the Delhi MRTS was given to the 
Delhi Administration. 

1.2 Feasibility Study for  Delhi MRTS 
Consequently, Delhi Administration decided to 
study the feasibility of the proposal and appointed 
RITES as consultant for this job. A working group 
was constituted to monitor the progress made by the 
consultants, as also to solicit the approval of the 
concerned public agencies. The group comprised 
representatives of the Delhi Administration, the 
Delhi Development Authority (DDA), Municipal 
Corporation of Delhi (MCD), Delhi Traffic Police, 
Fire Service, Indian Railways and the School of 
Planning and Architecture (SPA) among others. The 
Secretary, Ministry of Urban Development (MOUD) 
headed the working group. 

7 RITES has been working on the feasibility stud 
since, and has prepared a technical proposalfig , 
which envisages, in a phased manner, a combination 
of underground, at-grade and elevated rail align- 
ments. In the most congested parts of the city, 
where, there is no land available, the underground or 

elevated option has been chosen, whereas in the 
relatively lesser built up areas, the at-grade option 
has been exercised essentially in response to the cost 
constraints of the other options. 

To integrate this network with other modes of trans- 
port, at each MRTS station, adequate facilities for 
park and ride are provided. Station area plans have 
developed to encourage the use of public transport to 
further reinforce the concept behind the proposal. 

The consultants estimate that the project would cost 
US $ 2 billion, at 1992 prices. Proposed financing 
plan suggests about 6 YO of this to be raised through 
property development. 

This paper is aimed at highlighting some issues re- 
lated to property development for financing trans- 
port infrastructure, and draws attention towards cer- 
tain ‘must dos’ for making a partnership possible 
among the various public agencies and the private 
sector in meeting this objective and at highlighting 
some of the issues that would need to be addressed 
while structuring this partnership. 

2 QUESTION WHY WOULD THERE BE 
PARTNERSHIPS? 

Answer: Integration of land and infrastructure 
Development. 

DMRC is proposing to develop station and depot 
sites for commercial exploitation. The proposed de- 
velopments above the MRTS facilities are expected 
to raise funds to meet approximately 6% of the total 
estimated cost of the project. 

While the station locations would be commercially 
attractive sites, the potential of the adjoining areas 
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should not be overlooked. In fact it is possible that in 
certain locations, It is the property not immediately 
next to the stations, but a little far, say half a Km, 
becomes commercially more attractive due to the 
improved accessibility of these sites. 

2.1 Integrated land and in@astvucture development 
Introduction of a high speed, high capacity transport 
system, would automatically, result in increased de- 
mand for commercial and certain kind of residential 
properties along the route, particularly in the areas in 
the immediate vicinity of the stations, thereby 
boosting the land values in these areas and triggering 
off building activity in the area. Real estate devel- 
opment will boom benefiting builders and develop- 
ers in both formal and informal sector. It would be 
therefore relevant to look for ways and means of in- 
ternalizing these benefits into the project and plan- 
ning to exploit the increased property demand on a 
larger area rather than seeing property development 
over the station areas and MRTS facilities only as 
sources of revenue generation. Since the benefits of 
improved accessibility would not be limited to a 
small area but would be spread over a larger area, 
looking at MRTS project as an integrated land and 
infrastructure development would be the right per- 
spective. 

This would mean that the land development agency 
i.e. the DDA has to have a more direct role in the 
project than is being seen at present. Since land de- 
velopment is not the main activity of DMRC, nor is 
it its mandate, a partnership between DDA and 
DMRC is the first coming together of stakeholders, 
we are looking for. DDA and DMRC have to come 
together so that the benefits of the project are reaped 
by the government agencies, instead of letting the 
"free riders" cash on the opportunity. The govern- 
ment should take a proactive stand and become a 
partner in the scheme by planning in advance, ex- 
actly what the private sector would otherwise do af- 
ter the project. 

While the benefit to DMRC would be that it would 
gain from the experience of land development and 
the statutory powers of its partner, the benefits to 
DDA would be both short term as well as long term. 

To begin with, DDA could capitalize on this in- 
creased demand through levying fees on the conver- 
sion of land use (from non-commercial to commer- 
cial) or through allowing higher FARs, as may be 
desirable in a particular case. As a policy DDA 
could think less about rigid building regulations, 
such as FARs, coverages, height restrictions etc, and 
more in terms of what it benefits it can leverage out 
of the developers, by discreetly relaxing some of 
these rules, as was done in the Brisbane, Southbank 

development project, Australia. Here the real estate 
developer was allowed to build extra floors if he 
provided facilities for parking and a public plaza in 
return. This practice is commonly used in that coun- 
try to build public facilities. In a situation where 
DDA is not able to control the semi-legal or com- 
pletely ill legal activities of the builders and devel- 
opers, this strategy might come in useful. Depending 
on how much deviation, a developer wants, from the 
norms, the public agencies could negotiate facilities 
that they are interested in having as a return gift! 

In the event of DDA or other public agencies theni- 
selves being the owner of the properties, redevelop- 
ment could be a big opportunity, which it could cash 
in on. Higher densities and greater commercial land 
use along this high capacity transport corridor is 
fully logical as this would optimize the cost benefits 
of the project, and review of land use and relaxing of 
building regulations is, therefore, justified. Though, 
the corridor is planned to serve congested parts of 
the city, further densification (within discretely de- 
cided limits, naturally) around the stations, stands to 
reason. 

2.2 Internalizing the Positive Externalities 

Enhanced land values and increased demand for 
commercial space around the stations, thus are the 
positive externalities of the project that could be in- 
ternalized to finance the system. The under/ unuti- 
lized properties/ lands belonging to the public agen- 
cies have high commercial potential, which could be 
tapped. The returns from these projects could then 
be (at least partly) diverted into building the MRTS 
facilities, since that is, in a way, the raison d'itre for 
these developments. 

In the long term, DDA's perspective plan and MRTS 
extensions can be planned in co-ordination. The ex- 
tensions of the network that would be taken up in the 
future could well be planned with DDA's land value 
concern in mind. In fact, these extensions could be 
very effectively used as tool for guiding the land 
markets in the new areas that the DDA plans to de- 
velop. 

2.2.1 Case study of Singapore 
The case of extension of Singapore CBD is a good 
example of this possibility, where, due to shortage of 
land in the CBD, a land reclamation project was 
proposed, but was found, upon making feasibility 
studies, to be prohibitively expensive. However, it 
was realized that, if the existing mass transit system 
was to be extended to this new proposed area, the 
land prices would be such that the sale proceeds 
would be able to pay not just for reclamation but 
also the extension of the transport network. 
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2.2.2 The case of Mass Rapid Transit Project, Hong 
Kong 

The project was financed through development of 
commercial property along the rail alignment. The 
land which belonged to the government was leased 
to the Metro corporation, at market price, (for an in- 
definite period of time), who then developed it in 
collaboration with private real estate developers. The 
Metro Corporation is a limited company, with the 
government of Hong Kong as the sole shareholder. 
Property development along the route was used to 
finance the system. Government land and other law 
making powers were applied as public equity while 
striking deals with the private sector. 

So, If the MRTS project is then redefined as the in- 
tegrated property/ transport development project, 
and redevelopment of under-utilized properties is 
made an integral part of the project, it could change 
entirely, the view of the key actors and bring to- 
gether their resources, which when pooled could 
"make" the project. 

3 QUESTION HOW WOULD THE 
PARTNERSHIP OPERATE? 

3.1 Answer: Special Project Vehicle, Joint 
Development of Ideas 

Goal convergence of the different actors involved 
can thus be realised by redefining the scope of work 
of the project to include land and property develop- 
ment along the MRTS. In other words, property de- 
velopment along the proposed alignment should be 
integrated with the development of the mass trans- 
port network in a way that the profits from the sale 
proceeds of these properties could be used to finance 
the system. (Depending on the primacy of the land, 
the two could happen together, at the same time, 
possibly in a single structure subject to site condi- 
tions and architectural and structural concerns or, in 
separate phases, with the property development fol- 
lowing the transport facilities) 

3.1 Structure of the Partnership 

The next question, then, is how, in what manner, 
could this partnership be structured? Or, what insti- 
tutional form this coming together of the 
stakeholders, could take? The answer lies in ad- 
dressing issues concerning resource, return and risk 
sharing among the partners, or the role related is- 
sues, as well as those concerning the manner and 
extent the actors like their own involvement and that 
of the other actors or in other words issues related to 
their mandates. Important it is for the government to 
determine how much of their investment and profits 
is it willing to share with the private sector. 

The investments required in this task are a technical 
design of the MRTS and land, which the public 
agencies have, and the financial resources to build 
the facilities for MRTS which can be the private 
sector input. The public agencies also could contrib- 
ute in "sweat" equity (which could mean statutory 
powers or the time spent by the public servants). A 
resource contribution in kind is as important as an up 
front investment per se. Although it is only the latter 
that is usually considered to be determining financial 
feasibility, contributions, which enable project im- 
plementation, are no less important. It is logical 
then, that the Government should apply its statutory 
powers and other intangibles (which in the case of 
the DDA, happen to be the building bye-laws) as its 
share in the partnership with the private sector. This 
in principle could be the partnership arrangement 
between the public and private sector. 

3.2 "Special Project Vehicle" (SPV) 
From the point of view of potential investors, the 
main risks involved relate to project completion, 
markets and supply of inputs. The objective should 
be to allocate risks to those partners who are in the 
best position to control the particular risk factor. 
Sharing, not only, of the resources and returns, but 
also risks is essential ,for the satisfactory functioning 
of a PPP. (Sinha). Other issues such as the legal 
status of the partnership, balance of power among 
the partners and conflict diffusing mechanisms could 
be satisfactorily addressed, if the Public Private 
Partnership took the form of a Joint Venture. 

Building of stations and other MRTS facilities along 
with the redevelopment of properties is proposed to 
be taken up jointly by the public and private agen- 
cies though a statutorily created "special project ve- 
hicle" (SPV). The SPV would comprise all 
stakeholders who believe in the project. All partners 
pool in their resources, monitory as well as non- 
monitory. They work out, jointly, a project proposal 
(capital investment, debt servicing, cost estimates, 
cost recovery strategy fully or partly through prop- 
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erty development). Additional funds required may 
be raised through loans, and after the project takes 
off and the public confidence in it is established, 
capital markets could be approached. 

The SPV would need to inventorise it's "assets" such 
as the redevelopable properties and financial com- 
mitment of the parties. Next it would have to list out 
it's "liabilities" i.e. space needed to accommodate the 
functions presently housed in the properties as well 
as the functions for which unutilized land is held by, 
say the Railway; and the costs that might be incurred 
to re-house people and activities that need to be 
moved for considerations of optimal land use, as a 
starting point in the property development strategy. 

The property development details will have to be 
such that the returns from them are sufficiently 
higher than the costs (capital cost + debt servicing + 
O&M Corpus) to allow a reasonable return to the 
participating agencies, and to the shareholders when 
there is a public issue. Depending on the primacy of 
the location of the property development sites along 
the metro alignment, this may be viable as it is. Al- 
ternatively, or in addition, the SPV could negotiate 
certain project advantages. For instance, in Delhi 
there is no policy for redevelopment of unutilized or 
under- utilized land. Real estate developers are 
working in semi-legal manner. The SPV could 
capitalize on this by providing opportunity for legal 
activity by builders, If it can ensure strict control on 
illegal activity elsewhere for the duration of the 
project, it can effectively increase the competition 
and, thereby the price on development rights. 

A joint sector venture will address the most impor- 
tant issue that either side is much concerned with, 
that relating to the risks regarding supply of inputs 
(in this case the commitment of the resources), mar- 
kets and completion. Advantage of a contract of in- 
tent would be for both sides. The public sector 
would, by this process secure the financial commit- 
ment of the private sector, which would be crucial 
for completion of the project particularly in case the 
real estate markets fluctuate. Secondly, since the 
actual construction would take place a few years 
from the time of the initial agreement, covering the 
market risk is also extremely important for the pub- 
lic sector, particularly since it has not much experi- 
ence of markets behavior. A joint sector venture 
could be used for allocation of this risk to the private 
sector who knows very well how to control this risk 
factor. 
For the private sector on the other hand, this would 
mean covering the political risks and ensuring that 
the government would continue to support the proj- 
ect, and that the changes in the political environment 
would not make the PPP fall apart. This security will 

help the private sector, plan and mobilize it's re- 
sources, in a better way, 

3.3 Partners in the SP V 

Essentially, those who would "own" the project are 
0 Delhi Metro Rail Corporation 
0 Delhi Development Authority 
0 Private Sector Builders and Developers 

Given below is a possible layout of what would be 
the share of various stakeholders in terms of risks, 

:turns and rt 

Role 
Partners 
* Delhi 

Metro Rail 
Corpora- 
tion 

0 Delhi De- 
velopment 
Authority 

0 Private 
Sector De- 
velopers 

3urces 
Resource 

0 Land 
0 Matching 

grants 
0 Enabling 

legislation 

0 Land 
0 Reforms 

in Devel- 
opment 
Norms 

0 opportu- 
nities to 
builders, 
end users 

0 Finances 
0 Market 

under- 
standing 

0 Manage- 
ment 

Returns 

0 MRTS facili- 
ties 

0 O&M corpus 
0 Fulfilment of 

NCR objee- 
tives 

0 Saleable 
properties 

0 Enhanced 
land values 

0 Fees/levies 
for land use 
changes/ 
added FARs 

0 Opportunity 
for integrated 
land devel- 
opment 

0 Saleable 
properties 

0 advertise- 
ment rights 

0 Increased op- 
portunities 

0 Goodwill of  
public agen- 
cies 

Risks 

0 Finan- 
cial 

0 Mar- 
ket 

0 Finan- 
cial 

0 Mar- 
ket 

0 Statut 

ory 
sup- 

Port 
0 Po- 

litical 
eom- 
mit- 
ment 
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3.4 Plan Development Process 

PPPs are an important tool for handling the different 
dynamics of those urban development projects 
which feature the goal convergence and interde- 
pendence of the public and private agencies and ex- 
perience has shown that common goal is recognized 
as such ifpublic and private sector seek contact in 
the .first phase of the project identi?cation, before 
either side has.formulated it's own approach. ( Paul 
H.L. KLOPPENBORG) 

3.4.1 Platform for Joint Development of Ideas 
The first step in the process, therefore is the joint 
development of ideas. The parties involved in the 
MRTS, differ not only in the resources and instru- 
ments but also in objectives, the government focus- 
ing on the transportation problem, the DDA con- 
cerned with land use and land markets, the 
developers looking at their specific business inter- 
ests. Identifying tlie interested and affected parties 
and establishing a platform for these parties to come 
together is essential. This has been achieved, already 
to a large extent, through the formation of the MRTS 
steering committee and the working group, both of 
which comprise the different public agencies that 
would be interested and/ or affected. The private 
sector builders and developers did not find a place in 
these groups primarily, because at the beginning of 
the exercise, as said earlier, the project was per- 
ceived as entirely a public responsibility. The main 
function of this platform is for all parties to know 
each other's intentions, know 'why' they are inter- 
ested, 'what' is their perception of the project and 
'what' would they be willing to put in it. This kind of 
a thorough stake holder analysis is often skipped and 
shortcuts to knowing 'how' the objectives are to be 
achieved. It is important, therefore, now to start a 
dialogue with this group and establish a base for its' 
participation in the next stage of the joint decision 
making that is the contract of intent. 

3.4.2 Contract of Intent, Investment Commitment 
The steering committee and the working groups 
have met and discussed the ideas and plans devel- 
oped by the consultants and, based on the feasibility 
study made, a strategy, which visualizes the concept 
of property development as a way to finance tlie 
building the system, has been agreed by the group. 
As said earlier, the public agencies' liquidity position 
does not permit them to come up with the invest- 
ment on their own and therefore the involvement of 
the private developers is necessary. This, however 
needs to be agreed upon with them in advance of 
going ahead with the plans. and so the contract of 
intent (which is an agreement between the develop- 
ers and the government on the general modus oper- 
andi rather than a specific project contract). De- 

pending upon the intentions indicated by the 
developers and regarding this as a direction, the SPV 
could go ahead and draw up detailed plans and work 
out capital investment details. 

3.4.3 Directional Feasibility 
What is proposed here is a significant departure 
from the conventional approach adopted by public 
agencies. It is important not to start with a final plan 
and then start looking for funds. The development of 
the plan should rather be based upon the existing and 
future funding possibilities, which may consist both 
of monetary outlays and contributions in kind or the 
non-monetary outlays in the form of public law, 
sweat equity etc. A feasibility assessment should 
therefore be reviewed with regard to the stake hold- 
ers analysis of objectives, benefits and resources and 
should include a survey of the funding possibilities. 
This directional feasibility would help identify a 
plan which has a better chance of succeeding since it 
is has the support of the key actors. In the case of 
Brabantse Poort, Nijmegen, this contract of intent 
was signed and was found to be a good instrument 
for ensuring the financial commitment of the inves- 
tors, whereas in the case of Kop Van Zuid, Rotter- 
dam only an informal agreement was made with the 
investors and it is reported that the investments are 
not coming forth as anticipated. The local and na- 
tional governments have put in a lot of money, in in- 
frastructure, as their part of the investment, it is 
feared that if the private parties do not put in their 
share of the investment, the money spent by the 
governments would be a sheer waste 

3.4.4 Figure 4. The Planning Process 

As the figure suggests, skakeholders' support in de- 
cision making should be considered crucial by the 
project implementing agencies (in this case the, the 
government) to avoid unpleasant surprises at the 
time of project implementation, since this is an im- 
portant link in the process. 
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4 INSTITUTIONAL IMPLICATIONS of approval procedures and single window clear- 

The Plan Development Process discussed in the pre- 
ances should therefore be adopted by the DDA. 

vious chapter suggests a new approach to planning 
itself. Working in a Public-Private-Partnership or 
PPP means a new kind relationship between the pri- 
vate and public agencies (also among various public 
agencies themselves), which is quite at variance with 
their more traditional manner of dealing with each 
other. The new concept, as the name partnership, it- 
self suggests, is built upon interdependence and 
mutual benefits. And, like any other business part- 
nership, these PPPs, also demand, from the partners, 
a number of adjustments in the manner in which 
they operate, so that a meaningful association can be 
established. For the DMRC, DDA and the private 
sector, this would mean a major change in skills and 
knowledge needed, but before that, and more im- 
portant than that, a change in attitude or the mind 

4.3 Strategic Plan beyond 2001 
The DDA's currant master plan for Delhi expires in 
the year 2001. For DDA it would be worthwhile to 
keep in mind the benefits of integrating it's future 
land development with expansion plans of the 
MRTS. DDA may find it useful to make the new 
plans less prescriptive in nature (and therefore less 
rigid) and more performance oriented, which would 
lend themselves to being modified/ adjusted as and 
when needed, in response to ever-changing demands 
of the city. The flexibility of the new Master Plan 
will allow the planners to exercise strategic options 
that would meet the challenges of the changed real- 
ity and make planning more meaningful. 

set. 4.4 Enlisting Support of Key Actors 

4.1 Need for Co-operation 
All the actors in urban development need to realize 
that they are not competing with each other. Instead, 
together they are in competition with other cities in 
the region, specially in the new, liberalized econ- 
omy, and the city level agencies being evermore re- 
sponsible for managing their own affairs independ- 
ent of central support. If the local agencies do not 
recognize this they may be left behind by other cities 
in the region. A good example of this phenomenon 
is the city of Madras loosing out it's regional promi- 
nence to Bangalore, which is increasingly been seen 
as a major investment center by both domestic and 
foreign investors because of the environment that 
enables private enterprise. This could be of particu- 
lar significance to DDA, although for more than one 
reason, there is little threat to Delhi's position in the 
region, many enterprises are likely to start looking 
for better opportunities outside, in the neighboring 
states (the trend is already started, with Delhi build- 
ers expanding their activities in the state of Haryana 
in the south of Delhi), if the city authorities do not 
present a more forward looking image. In coming 
forward with creative solutions to involve the private 
sector investors such as relaxing regulations for lev- 
eraging pro-ject advantages, the DDA, in fact, would 
be able to secure benefits that might not be there at 
all, in some cases, without the partnership. 

4.2 Reviewing rules and regulations 
Policy of inviting private sector in urban develop- 
ment has to be complemented with enabling envi- 
ronment. Without such a support, the private sector 
could hardly be expected to participate in projects 
that are in any case perceived as unprofitable. Easing 

Given the global changes in the planning environ- 
ment, any planning approach that does not involves 
the key actors and stakeholders in the process, does 
not inspire many hopes. On the other hand a partici- 
patory planning approach maximizes the potential of 
the key actors, even when unable to enlist their full 
co-operation, it would still be able to indicate to the 
planning team the possible hurdles in the execution 
process. Support and involvement of the key actors is 
particularly important in this context since the 
DMRC has to depend heavily on DDA and Private 
developers to realize its concept and it is not in 
complete control of what is happening. For the 
DMRC, coming to terms with this fact would be a 
precondition to forging any PPP arrangement. 

4.5 Information Systems 

Public information campaigns are necessary to make 
known to the public and potential investors, the 
plans of the government agencies. A very business 
like approach, here, is needed of the DMRC. In the 
case of the Kop Van Zuid, for instance, a separate in- 
formation center has been set up, where comprehen- 
sive information is available to all prospective in- 
vestors, in a variety of mediums such as audio-visual 
shows, three dimensional models, CD ROM, maps, 
drawings, brochures. The project has been given an 
identity of it's own by uniformalizing the color 
schemes (which is practically like a flag of the proj- 
ect) for all the publicity material. For the DMRC, 
more effective infornation campaign would mean 
better access to private sector finance and the in- 
creased confidence of this sector. More information 
means higher transparency, which in turn would 
mean higher investor confidence and so the DMRC 
should be willing to share and disseminate more in- 
formation. 
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4.6 Working with Communities 

A large number of people and properties 
are going to be affected while constructing 
the MRTS facilities, for various purposes. 
In order to get the co-operation of these 
communities, effective skills in community 
mobilization would be necessary for the 
Metro Corporation and DDA. A relocation 
policy would need to be formulated for 
which lessons may be drawn from similar 
project, being carried out in Bombay. 

4.7 Restructuring Organizations 

The union government needs to keep in 
mind, while considering the project and it’s 
implementation that organizations, laws, 
rules and regulations are necessary to be 
modified for the Delhi Government to 
respond effectively to it’s unorthodox role 
in the MRTS project, that of management 
instead of direct service provision, in order 
to avoid misuse and for it to able to 
monitor the results afterwards, ultimate 
responsability for which remains with it. 
Creation of the Metro Corporation has 
been a step in this direction, advantages of 
which would be many and varied. Within 
the Metro Corporation, structuring in the 
form of Inter-disciplinary project teams or 
task forces comprising individuals from 
various fields of specialization, working 
together on smaller and nianageable 
sections of the project, having clear 
responsability and accountability might 
prove to be useful. 

4.8 Training requirements of the 
Government stuf 

Apart from organizational changes, 
working in partnerships with other 
organizations and communities would 
demand the staff of the DDA and DMRC 
to display certain different kinds of sl<ills, 
such that they have not needed in the past. 
Essentially the DMRC staff would now be 
required to ‘manage’ rather than ‘do’ thing, 
which means they must gear themselves 
with 
o Ability to work in inter-disciplinary 
teams, 

e Understanding of financial matters to 
ensure proper cash flows, debt servicing. 
8 Adequate capacity for efficient use of 
mobilized resources and 

Skills to negotiate satisfactory 
arrangements with the private sector 
8 Contract and construction management 
skills 
e Communication skills, 

4.9 Image Builing 

The market image of the public agencies 
involved, is that of financially and 
inanagerially weak organizations. For the 
government to attract private sector 
investments, it’s image has to be improved. 
Reforms in the managment practices and 
accountability through greater transparency 
in the public sector are necessary. 

4.10 Implications fo r  the Private Sector 

The same applies to the private sector 
builders and developers. Their vision of 
their own role in urban development needs 
to be seen differently. Private sector, like 
the public sector also suffers from bad 
image, that of being unconcerned with 
social and environment issues. Conscious 
efforts in this direction, particularly by the 
big names in the formal sector would be 
required, Like the government, these 
builders and real estate developers also 
need to think up of innovative ideas that 
they could use to attract the public 
agencies’ sweat equity, the importance of 
which should not be a undermined. 
Effective urban infrastructure is a 
prerequisite to econoniic growth, which 
must be a private sector concern as much 
as that of the public sector, and co- 
operation between the two, therefore, is 
hardly a matter of choice for either side2. 
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ABSTRACT: In this paper a mathematical framework using sample data has been developed towards deter- 
mination of perception of accessibility by various income groups of peoples. A brief description of the con- 
cepts of fuzzy set theory has been made .The weights of various attributes of travel related to perception of 
accessibility were analyzed with respect to different modes used by the commuters. A fuzzy set concept was 
finally applied for the development of accessibility norms for different income groups. 

RESUMEN:En esta ponencia se ha desarrollado un macro matemhtico a1 utilizar 10s datos muestra para 
etenninar la percepci6n de la accesibilidad por varios grupos de ingresos de lapoblaci6n. Se ha hecho una 
breve descripci6n de 10s conceptos de la teoria del juego borroso. Fue analizada la importancia de varios 
atributos de viajar relacionados con la percepibn de la accesibilidad con respecto a diferentes modos que 
utilizan 10s viajeros. Por ultimo, fue aplicado un concept0 del juego borroso para el desarrolo de las normas 
de la accesibilidad por 10s diferentes grupos de ingresos. 

1 INTRODUCTION 

The largest cities of India are increasingly 
confronted with the problem of poor accessibility. 
Often it assumes the dimension of h serious and 
complex issue to be addressed for improving the 
quality of life of existing residence and for locating 
new residential neighborhood. As long as this issue 
remains unaddressed, citizens suffer in terms of one 
or more of the following conditions; relative isola- 
tion from the rest of the city, spending dispropor- 
tionately high amount of energy, time and money in 
order to participate in the diverse urban activities. 
Citizen's inability to participate in a large number of 
activities often results in trade off according to pri- 
oritization of accessibility as perceived by them. It is 
vitally important that such perception is known to 
the concerned planners so that the mismatch be- 
tween the objectives of official proposals and citi- 
zen's priorities may be eliminated and plans may be 
implemented without obstruction. 

Delhi, capital city of India, having experienced 
phenomenal growth and physical expansion during 
second half of the 20'h century, appears to be no ex- 
ception. Different types of residential areas such as 
plotted houses, government employees, squatters, 
corporate housing apartments, and resettlement 
colonies have been developed in different parts of 
the city. Beginning from mid 1980's, subcities have 

been planned and developed farther and farther 
away from the central areas of Delhi. As a result, the 
commuting times to work access to shopping and 
recreational areas and trip length for educational 
purposes continue to increase. The degree of uncer- 
tainty to perform a journey in a time bound way has 
also increased. 

As a part of an on-going research work, percep- 
tions of accessibility by various income groups have 
been studied. In this paper, an attempt has been 
made to develop a mathematical framework for 
measuring the perception of accessibility by pre- 
dominant modes by various interest groups of peo- 
ple using fuzzy measures 

2. IMPORTANCE OF ATTITUDES- 
PERCEPTIONS AND PREFERENCES 

Every individual is constantly exposed to the 
changing environment when he visits one place to 
another within the city. As the environment changes, 
an individual perceives it in hidher own ways, reacts 
according to hidher appreciation. The attitude and 
image of every individual towards the environmental 
and physical aspects is believed to be related to his 
own preference. Thus, there is no single objective 
world, rather there is plurality of world -as many as 
there are attitudes and intentions of man. The under- 
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standing of the perceived world is therefore very 
important in context of prediction of human behav- 
ior. Most of the behavioral studies originate from the 
psychological theories. Gestalt and Stimulus- 
Response theory is widely referred Sarin (1 986). In 
Gestalt psychology, man's perception of his sur- 
rounding is viewed as an organizing action of the 
nervous system. A subject's description of how 
things appear is regarded as his perception. Cogni- 
tion refers to all modes of knowing and thinking and 
includes attitudes, beliefs that are subsequently 
gained through means of other direct experience, 
whereas perception is restricted to the process of di- 
rect experience. 

This is the reason why direct experience is 
counted for dealing with such perceived world. In 
this world, the actionlreaction of a human being is 
directed from traditionally built mental set-up which 
has grown up within h i d o r  her over a long period 
of personal life in various places. For example, ac- 
tual travel time (such as 28 minutes, 3Ominutes, 
32minutes) hardly matters in his decision making 
process. The numerical values of 28,30,32 do not 
create significant impact in his biological brain set 
up. What he counts is what he feels. And what he 
recalls is what he counts. The same numerical travel 
time values for another human brain will create a 
different mapping as shown in Fig.1. So dealing 
with such numerical values will not be easy to de- 
velop any rationale using classical mathematics. The 
response of human brain depends on a number of 
socio-economic and psychological factors. It is, 
therefore, felt that this kind of data is to be analyzed 
by considering linguistic variables. 

3.CONCEPTS OF FUZZY SETS 

As its name implies, the theory of fuzzy sets is, 
basically a theory of graded concepts - a theory in 
which every thing is a matter of degree or, to put it 
figuratively, every thing has elasticity. During the 

last 20 years, the fuzzy sets are increasingly being 
used in a variety of ways in many applications. This 
includes the area of artificial intelligence, computer 
science, control science, decision theory, expert 
system, management science, operation research, 
pattern recognition, and robotics. Most of our tradi- 
tional tools for formal modeling, reasoning, and 
computing are crisp, deterministic and precise rather 
than more or less type. But real situations are not 
often crisp and deterministic and these can not be 
described precisely. According to Zadeh (1 965), as 
the complexity of a system increases, our ability to 
make precise and yet significant statements about its 
behavior diminishes until a threshold is reached be- 
yond which precision and significance (relevance) 
become almost of mutually exclusive characteristics. 
Fuzzy set theory deals with imprecision relating to 
vagueness. 

Fuzzy set theory provides a strict mathematical 
framework in which vague conceptual phenomena 
can be precisely and rigorously studied. It can also 
be considered as modelling language well suited for 
studies in which Fuzzy relations, criteria, and phe- 
nomena exist. Fuzzy sets are usually intended to 
model people's cognitive states. They can be deter- 
mined from either simple or sophisticated elicitation 
procedures. For example, change in weather condi- 
tions can be demonstrated by using fuzzy measures. 
A Fuzzy set representing the concept of cloudy 
weather may assign a degree of membership value 
of nearly zero as compared to sunny weather to 
nearly one. Depending on degree of cloudiness, the 
membership value may change from nearly zero to 
0.2, 0.4, values indicating lesser degree of cloudi- 
ness. These grades signify the degree to which each 
percentage of cloud cover approximates subjective 
concept of sunny and the set itself models the se- 
mantic flexibility inherent in such common linguis- 
tic term. 

Research and applications has been abundant 
with more than 4000 publications Zimmerman 
(1991) widely scattered over many areas in many 
journals . 

Person Y 

Fig. 1 Perception of travel time by two persons X 
and Y 

4.MATHEMATICAL FRAMEWORK FOR FUZZY 
MEASURE 

In this approach, qualitative grading are 
converted to quantifiable form. The values of mem- 
bership functions are generally found to be convex, 
linear, concave or any other function deemed suit- 
able. For developing a mathematical framework us- 
ing the Fuzzy set in contest of measuring perception 
of accessibility, a considerable amount of data has 
been collected from various user groups to ascertain 
the level of satisfaction for their different purpose of 
journey. This includes the perception of their travel 
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in terms of travel time, travel cost, travel distance, 
travel comfort, travel accessibility etc for which they 
feel to have been satisfied beyond which journeys 
are considered to be unaccepted. The ranges of their 
travel in terms of travel time, travel cost and travel 
distance by different modes of transport are viewed 
as perceptions of users looking for an opportunity to 
participate in different types of activities. These are 
generally defined as accessibility for different user 
groups. As the perception varies from user to user, it 
is therefore. extremelv difficult to quantify through 
classical mathematics. So in view of this, fuzzy 
measures have been applied to develop the accessi- 
bility norms, by predominant mode for different user 
groups. 

With a view to studying the perception of acces- 
sibility for different user groups, various factors are 
considered to have significant effect on the percep- 
tion of accessibility. 

For analysis of data using fuzzy set theory, it is 
necessary to construct fuzzy matrix using pessimis- 
tic, optimistic or any other approach Deb (1 985). In 
the first step the symbol used in the analysis are ex- 
plained below: 
Jl, J,, . . . J, denotes the various alternatives con- 

sidered 

I , ,  I& I, are the factordattributes of the 

alternatives under consideration 

K1, K2, ... Kk is the rating matrix, superscripts 

1,2,. . . k represent the respective matri- 

ces for different interest groups 1,2,. . . .k 

respectively. 

the value of factor /attribute I, of the 

alternative J, 

i 1 The fuzzy set. The set of ordered pair. 
The membership function for the k-th 
interest group and i-th factors maps 
the alternative J,. It has values in in- 
terval (0,l). 

iext step is the formation of Dominance or 
Decision matrix-. A flow chart for fuzzy set theory 
application is shown in Fig. 2 

The steps involved in developing dominance 
matrix are as follows: 
1. Specifying the alternatives (modes) among 

which the choice will be made. 
2. Identifying the main attributes /factors of the al- 

ternatives. 
3. Categorizing the different interest groups, who 

are involved in the system (commuters, planner's 
etc). In this study, only one interest groups i.e. 
commuter of various income groups has been 
considered. 

4. Preparing questionnaire in the tabular (or ma- 
trix) form. The alternatives and factors represent 
the column and row of matrix. 

5 .  Preparing Nomogram (Membership function) by 
categorizing commuters in different income 
group 

6. The non-quantitative responses of the user 
groups are converted into quantitative forms by 
using Nomogram. 

7. Constructing different rating matrices for differ- 
ent income groups of commuter. 

8. Calculation of a dominance or decision matrix 
for each of the chosen income group. 

This dominance matrix will finally help to de- 
velop accessibility norms for different modes 
transport and for different user groups. 

(Rs 5000.10000 income + Rating Matrix 

Fig 2 Fuzzy Set Theory Application 

5.  DATA INPUT 

A Questionnaire was designed to collect 

of 

in- 
formation Arelating to socio-economic and travel 
characteristics of different income groups with spe- 
cial emphasis of degree of satisfaction (DOS) of 
travel by different modes of transport. Primary data 
of about 500 random sample size from the different 
income groups was collected by personal interview 
method in the CBD in Delhi urban area. Data were 
coded and fed in the computer for further analysis. 

6. APPLICATION OF FUZZY SET THEORY 

6. I RA TING MA TMX 
A non-quantitative scale was used to score the re- 

sponse relating to DOS of journeys with respect to 
travel time, travel cost and travel distance. The non- 
quantitative scale may be graded in four parts as 
satisfied, acceptable, tolerable and unsatisfied which 
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can be assigned the quantitative value (score) of 
0.8,0.6,0.4,0.2 respectively out of the maximum of 
1.0. Using this scale, the data of DOS on travel par- 
ticularly with respect to home based work trips (say 
commuter trips) was converted to a quantitative 
scale. The weighted average as well as the highest 
value of response were taken as representation of 
specific user groups These matrices are called rating 
matrix. They are also known as position matrix or 
net benefit evaluation matrix for that particular user 
group. 

A cell of rating matrix represents the value of 
a factor for that alternative. Each cell in the matrix 
represents an element of fuzzy set while each col- 
umn indicates a fuzzy set. Thus the entries in the 
column represent that each alternative satisfies the 
given factor. 

6.2 DEVELOPMENT OF MEMBERSHIP FUNC- 
TION (NOMOGRAM) 

. The rating matrix was directly prepared from 
users response. This rating matrix was further con- 
sidered with respect to different income groups. 
Further attempt was made to develop the relation- 
ship between the membership values i.e. degree of 
satisfaction values on 0 to 1 scale and attributes 
(travel time, travel cost & travel distance). The fol- 
lowing steps are involved for development of nonio- 
gram for travel time 

Find the range of travel time for which most of 
the commuters of selected income groups are 
satisfied. This was obtained by categorizing the 
data for different modes, income group, range of 
travel time, and degree of satisfaction rating 
value with respect to travel time. The data col- 
lected from the commuter's opinion survey relate 
primarily to the commuting journeys performed 
by four major modes, namely Bus (Delhi Trans- 
port Corporation), Chartered Bus, Two-Wheeler 
(motorized), and Car. The mid value of the range 
of travel time of maximum count was used for 
further analysis. 
Find the mean value of travel time by weighted 
average (statistical method) from the above- 
categorized data. 
Draw the best fit curves and find the model 
equations, which gives highest R2 value from the 
values obtained by step1 and 2 taking DOS on 
X-axis and travel time on Y-axis. 
Draw the best-fit curve by taking the average of 
the values obtained from the above two-model 
equation by extending the scale of DOS to 0 -1. 
Also find the final model equation which gives 
highest R2 value. This is the Nomogram for 
travel time for selected mode of transport and 
selected income category of commuters of Delhi 
City. 

Similaily Nomograms were also developed for 
travel cost and travel distance for selected mode and 

selected income group. The Figures 3, 4 &5 repre- 
sent the Nomograms for Membership function of all 
commuter groups with respect to travel time; travel 
cost and travel distance. 

6.3 DOMINANCE MATRIX 
Dominance matrix is a square matrix with a di - 
mension of maximum number of alternatives to be 

considered. For example the alternatives considered 
here are various modes of transport. It would be 
worthwhile to demonstrate an exam le how a domi- 
nance matrix is developed. Let us E s t  take a rating 
matrix for income group Rs 10000- 15000 per month 
and whose travel time inside vehicle is 30-35 min- 
utes 

Fig.3 Nomogram showing Degree of Satisfaction as related 
to travel time per trip in minutes 

Fig..? 
to travel 

Nomogram showing Degree of Satisfaction as related 
cost per trip in rupees 

Fig 5. Nomogram showing degree of satisfaction as related 
to travel distance per trip in kilometers 
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DTC CHB TW Car 

0.72 1.0 0.58 0.61 
Travel cost 0.9 0.6 0.4 0.4 
Travel Dist. 0.6 1.0 1.0 0.4 
As this is being developed in a disaggregate level, 

there is no need to develop pessimistic or optimistic 
aggregate matrix. After having developed this rating 
matrix, attempt has further been made to develop 
dominance matrix as explained below: 

Each element in a row is compared with each 
other i.e. rll, ri2, ri3, ri4 (where i=1,2and 3) are com- 
pared and is established as being >, or =, or < than 
the other. The dominance matrix is found as a square 
matrix making both row and column as alternatives. 
Row elements of first column is compared with that 
of second column i.e. if ri, >, or =, or < ri2 (where 
i=1,2 and 3) then 1.0, or 0.5, or 0.0 would be con- 
sidered and sum of these forms the element d12. 

then value score is 1.0, r31 <r32 then value score is 
0.0. 

the 
value of element d,, is 1.0 .The other elements of 
dominance matrix are computed following the same 
procedure. Now adding column, the dominance of 
one alternative over other is found, e.g. .for bus 
(DTC) the dominance ratio is (djl +dj2 +di3+ d,,= 
0.0+1.0+2.0+3.0 =6.0). Similarly the dominance for 
the chartered bus, two-wheeler and car are calcu- 
lated as 7.5,3.0 and 1.5 respectively. Thus the domi- 
nance ratio obtained is chartered bus: bus (DTC): 
two-wheeler: car:: 7.5:6:2.5: 1.5. The dominance 
matrix is given below: 

e.g., r l I  < r I 2  then value score is 0.0, r2,> r22 

Now adding up 0.0+1 .O+O.O= 1 .O, Hence 

Up to Rs 5000 

DTC CHB TW CAR 

- 1.0 2.0 
- 2.5 '3:: ] ;:: DTC 

TW 0.5 - 1.5 3.0 
Car 0.0 1.5 - 1.5 

3.0 1.5 6.0 7.5 

(in Minutes) 
DTC Up to 60 

groups. The number of modes considered in the 
analysis includes DTC, CHB, TW and CAR, while 
the income groups considered are in the range of up 
to Rs 5000, Rs 5000to10000, Rs 10000to15000, 
Rs 15000to20000 and above Rs 20000 per month. 
The perception of travel time by different modes of 
transport for various income groups have been ex- 
amined and evaluated by using the dominance ma- 
trix. Finally a set of accessibility values by predomi- 
nant mode with respect to acceptable travel time and 
travel distance by various income groups have 
emerged as can be seen in Tables. 1 & 2. These are 
the reflection of their attitude to travel being per- 
formed by different modes of transport indicating 
their perception of accessibility. For example, Ta- 
ble.1 depicts the users of income group Rs 5000 to 
10000 per month prefer DTC buses up to a travel 
time of 20 minutes beyond which they would like to 
travel by a CHB, as there is little difference in fare 
from switching DTC buses to CHB. The income 
group (Rs 5000-10000) feels that DTC buses are 
more predominantly accessible up to a travel time of 
20 minutes beyond which CHB becomes accessible. 
Similarly the other figures also demonstrate the 
similar explanation. It would be noteworthy to men- 
tion that income range beyond Rs 20000 per month 
prefers car to be the most accessible and predomi- 
nant mode up to a travel time of 40 minutes and be- 
yond which this income group feels comfortable to 
travel by CHB. 

Similarly the accessibility by modes for different 
ranges of distance has also been worked out and pre- 
sented in the Table. 2. It can be noteworthy to men- 
tion that car is the predominant accessible mode up 
to a distance of 15 kilometers beyond which CHB 
becomes predominant for a income group of more 
than Rs 20000 per month. 

Accessibility by predominant modes is shown in 
Tables. 1 & 2. 

RS 15000-20000 

Rs above 20000 

Table. 1.  Accessibility by predominant mode with respect to travel 
times 

Up to 30 
30 to 60 

CHB 45 to 60 

CAR 
CHB 
CAR u p  to 45 

7. DEVELOPMENTS OF ACCESSIBILITY 
NORMS 

As discussed in the preceding sections the 
procedure for analysis of data was based on concept 
of fuzzy set theory. This has formed the basis for 
development of accessibility norms for different in- 
terest groups. An example is also shown in the ear- 
lier sections how a prominent mode is to be estab- 
lished for a selected interest group for a specified 
journey of time. After having obtained the results 
through the dominance matrix, an attempt has been 
made to work out accessibility norms with respect to 
travel time and travel distance for different selected 
interest groups. Table. 1 present the accessibility by 
predominant modes of transport for selected income 

I Income Group 1 Mode 1 Travel time per trips 

u p  to 20 1 Rs 5000-10000 1 CHB 
DTC i 20 to60  
TW I Rs 10000-15000 1 I u p  to 10 

15 to 25 
25 to 60 
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Table.2. Accessibility by predominant mode with respect to 
distances 

Income Group 

Up to Rs 5000 

Mode Travel distance per trips 

DTC Up to 25 
(in Kilorneters) 

RS 5000- 10000 
DTC u p  to 10 

10 to 25 CHB 

RS 10000-15000 

Up to 15 
15 to 25 Rs above 20000 

TW u p  to 5 
CAR 5 to 15 
CHB 15 to 25 

8 .CONCLUSION 

RS 15000-20000 

This research study was primarily concerned with 
the application of fuzzy set theory in developing ac- 
cessibility norms by predominant mode in context of 
work trips in Delhi urban area. As the response to 
same type of travel varies to a great extent from in- 
dividual to individual and seems to include a great 
deal of imprecision, the application of fuzzy meas- 
ures is considered to be appropriate in appreciating 

this kind of response of travel by different in- 
come groups of commuters. A detailed procedure for 
application of this theory has been demonstrated 
step by step including the development of rating 
matrix and dominance matrix. An attempt has also 
been made to develop nomograms exhibiting the 
relationship between membership values and other 
attributes of travel such as travel time, travel cost 
and travel distance. The nomograms developed have 
been tested and validated. Finally, accessibility 
norms by predominant mode for different income 
groups of commuters have been developed and can 
be used for planning of residential areas in Delhi. 

CAR Up to 15 
15 to 25 CHB 
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Social exclusion and public transport: Aspects of accessibility and mobility in bus 
systems environment 
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Exclusih social y transporte publico: Aspectos sobre la accesibilidad y movilidad 
en sistemas de autobus 
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ABSTRACT: The paper addresses the relationship between social exclusion and transport emphasizing the 
role of bus service as being a central part of public transport systems and a key element in promoting 
"inclusion''. It defines social exclusion, identifies specific deprived groups and areas and it suggests a 
process of selection, collection and aggregation of the most important variables to be considered on 
measures to mitigate and minimize social exclusion problems. A list of initiatives developed in the United 
Kingdom, which promote full accessibility and improve mobility, will be used to explore good and fair 
alternatives to tackle social exclusion in transport. 

RESUME:.Cet article analise la relation entre I'exclusion sociale et le transport et insiste sur le r6le du 
servise d'autobus conime une partie centrale d'un systtme de transport public et aussi un eltment-cle dans la 
promotion de l'inclusion. I1 prCcise l'exclusion, identifie groupes et locaux specifiques et suggtre une 
methode de selection, rassemblement et aggregation des plus importantes variables a ttre considerees dans 
les mesures pour attenuer et minimiser les probltmes d'exclusion sociale. Une liste d'initiatives developee a 
Royaume-Uni qui promeuvent total accts et ameliorent la mobilite sera utilisee pour examiner bonnes et 
justes alternatives pour aborder l'exclusion. 

RESUMEN: El trabajo analiza la relacion entre la exclusion social y el transporte haciendo enfasis en el rol 
del servicio de autobus como parte central del sistema public0 de transporte y un element0 clave en la 
proniocion de la "inclusion". Define exclusion social, identifica grupos carenciados especificos y areas y 
sugiere un proceso de seleccion, coleccion y agregacion de las variables mas importantes a ser consideradas 
a1 tomar medidas para mitigar y minimizar 10s problemas de exclusion social. Una lista de iniciativas 
desarroladas en 10 Reino Unido que promueven completa accessibilidade y mobilidad seran usadas para 
explorar alternativas justas para combater la exclusion social en el transporte. 

1 INTRODUCTION 

The paper addresses the relationship between 
social exclusion and transport emphasizing the role 
of bus service as being a central part of public 
transport systems and a key element in promoting 
"social inclusion". 

The first part introduces the concept of Social 
Exclusion in attempt of helping practitioners to 
aiialyze the issues faced by communities in the wider 
perspective of social processes and direct their work 
in that perspective. It also analyses the transport as a 
dimension of exclusion. 

The second part emphasizes the role of public 
transport in both developed and developing countries 
focusing mainly on bus systems. 

The third part lists some good examples, adopted 
in the United Kingdom, reporting how to design 
fully accessible bus systems. It shows which 
variables to look for and how these can help to 
diagnose potential critic areas and social groups and 
ultimately how to begin to create some alternatives 
interfaces to improve them. 

2 THE CONCEPT OF SOCIAL EXCLUSION 

The concept of 'social exclusion' could help 
practitioners and policy makers to analyse the issues 
faced by deprived communities in the wider 
perspective of social processes and direct their work 
within that perspective. 
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According to Da Costa (1995) and Turunen, 
(1  999), there are two major intellectual traditions 
concerning the methods of analysis and definition of 
the 'social exclusion phenomena': 
1. The analysis that focuses on the resources and 

the redistribution of resources (the Anglo-Saxon, 
mainly British tradition), 

2. The one that stresses on social links, more 
concerned with relational aspects of exclusion 
(the Continental, mainly French tradition) 

Research within this field suggests that residents 
from deprived areas would define the issues of 
exclusion as both deriving from lack of relationships 
and lack of redistribution. Fridberg (1 995), Heikkila 
(1995) and Washington & Paylor (1997) underline 
that the concept is a dynamic one in the sense that it 
is referring both to the processes of social exclusion 
and to the consequent situations. It also states the 
multidimensional nature of the mechanisms whereby 
individuals and groups are excluded from taking part 
in social exchanges and/or excluded from the fair 
distribution of resources. It also points to the nature 
of the processes of exclusion, which have 
cumulative effects on individuals, groups of the 
population, regions or urban areas and on society as 
a whole. 

Within the discourse of social exclusion it is 
important to highlight the underlying social, political 
and economic processes, which lead to it. This 
seems to be dismissed by some policy makers, 
putting social exclusion equal with poverty, crime 
and 'threat' to society. Another aspect is that 
exclusion relates to groups of people - ethnic 
minorities, women, elderly people, disabled people - 
who, on a definition of poverty based only on 
income, would otherwise not be considered to be 
outside the main currents of society. Washington 
and Paylor reinforce that excluded people are denied 
full participation in society. Social exclusion does 
not refer just to the emergence of a 'new poverty'. It 
also refers to economic and social processes "which 
are creating a society which is radically divided 
between the relatively affluent who are employed in 
well paid occupations and those who are poorly paid 
or on state assistance, with the gap between the two 
growing wider". 

Of great importance is the distinction between 
social inclusion and economic regeneration. Much 
of the thrust of the latter is focused on maximising 
inward investment and on training people so that 
they can compete on the labour market. Such 
strategies can be effective. Often however, they fail 
to engage with the issues of disadvantage, 

oppression and exclusion. Not to be overlooked is 
the spatial dimension of exclusion. Large numbers 
of poor people are clustered together in 
disadvantaged areas, and this makes the character of 
such areas very visible. 

However there is another side which the discourse 
of 'exclusion' should not be allowed to obscure. 
Residents of 'deprived areas' (Boeck 1998) highlight 
the manifest evidence of strengths, capacities and 
success revealed and achieved in the most 
unpromising circumstances. Fundamental for this 
dynamic is that local residents seem to have a whole 
set of patterns of interchange and communication, 
which are more organic than structural. As a 
community worker stated: "They have within them 
elements of human interchange and inter- 
relationships which had to counterbalance individual 
consumerism and privatism. Out of need they had to 
keep alive elements of neighbourhood, community 
and collaboration". This means that deprived estates 
should not be seen as areas where only negative 
aspects such as crime, dysfunctional families, 
educational under-achievement, apathy, indifference 
and violence are concentrated. 

2.1 Transport as a dimension qjexclusion 

According to Boardman and Fielding (1 996), 
travel can affect quality of life, irrespective of levels 
of income or car use. Travel, not only provides the 
means for movement, but also creates opportunities 
and expectations about culture. Therefore transport 
is not only about environmental issues but also 
social ones. Behind travel lie cultural ideas, values 
and individual assessment of needs. In this sense 
one could look at the lack of transport in terms of 
'travel poverty', stressing on the aspect of 
marginalisation within social exclusion. 

Quite often public transport in cities operates on 
narrow corridors in and out of their centres with few 
cross-city services. The experience of local 
residents was that sometimes they are unable to 
attend events or facilities, which are available to 
other sectors of the population. The effect is, that 
people get isolated and feel that the area in which 
they live becomes the universe where they have to 
move. A core issue that it has been highlighted is 
that inadequate transport makes it impossible to 
residents to engage in certain kinds of social 
interaction (Boeck 1998). This makes life harder 
because people have to rely totally on what is 
available within the boundaries of movement 
relating directly to the services or lack of services 
available on the estate or bordering estates. 
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3 THE ROLE OF PUBLIC TRANSPORT - BUS 
SYSTEMS 

Bogota 
San Jose. Costa Rica 
Tunis 

Transport plays an important role - both as a 
potential cause and as a potential solution in order to 
‘repair’ the perceived damage, which afflicts so 
many communities. Transport promotes economic 
development. It also allows access to jobs and other 
facilities or activities as well as acting as the means 
by which social and economic cohesion can be 
stimulated (Cimara and Banister, (1 993)). 

80 
75 
61 

Different modes of transport have been crucial 
for economic development in different periods. In 
the early 20th century trams and suburban railway 
made it possible for cities that were already 
congested and crowded to increase in population size 
and to spread beyond their traditional boundaries. In 
Rio de Janeiro, Brazil, both modes played a key role 
in the city development as the building of the 
underground network in London just to name few 
examples. 

Although car ownership levels are still growing in 
both developed and developing countries, a great 
majority of the world population, especially in 
developing countries, has still no access to private 
cars and depends entirely upon public transport. As 
underlined by Czimara, public transport still remains 
the principal mean by which motorized travel takes 
place in most cities. People live at varying distances 
from transport, and other facilities, they have 
different requirements and above all different 
abilities to pay. By definition the distribution of 
public transport is inequitable - both geographically 
and socially - but one important role for city 
planners is to ensure that the disadvantages faced by 
the social excluded groups are not increased but 
minimized. 

The 1998 UK White Paper in Transport stresses 
that one in three households in the country still do 
not have access to a car (DETR, 1998). Those who 
do not have access to private cars are becoming 
more and more isolated from job opportunities and 
facilities. especially in rural and deprived areas. 

Therefore public transport has a vital and key role 
to play in providing people access to facilities and 
services and in fulfilling their travel requirements. 
The bus (in Latin: Omnibus, that means for all) is 
one of the main modes of collective transport and 
can cater not only for shorter trips or as a “feeder“ to 
higher capacity systems, but also for longer 
journeys. 

The role buses play in both developed and 
developing countries is a very distinctive one. While 

in developing countries they may cater for up to 50% 
of all motorized trips or more, in developed 
countries they may have a much smaller share of all 
modes, see Table 1. The bus however, in both 
developed and developing countries may well be the 
only form of transport in rural areas. 

The main question that may be asked is to which 
extent bus systems are capable of meeting the 
quantitative and qualitative requirements placed 
upon them and in including all segments of society. 
In other words, to which extent the bus system is 
including or excluding people access to its services 
and therefore depriving them from access to 
facilities, employment opportunities, education, 
health and leisure? 

Table 1 -Percentage of Bus Share in some select - 
cities worldwide 

[ C I T Y  MODAL I BUS SHARE* (%) 1 

authors. * Figures do not include trips on foot or by 
b i c y c 1 e 

Those quantitative demands or requirements will 
mainly be related to be balance (ratio) between 
demand and supply and can be measured in terms of 
frequencies of services, routeshtineraries, headway, 
night/weekend frequencies etc. The qualitative 
requirements will cover several attributes of the 
services, including mainly the vehicle, the stops and 
their environment. 

4 DESIGN THE BUS SYSTEMS TO PROMOTE 
FULL ACCESSIBILITY AND IMPROVE 
MOBILITY 

4. I What to look,for: selection oj‘vui-iuhleJ 

As previously explained the core of the problem 
cannot be looked at exclusively in economical terms. 
At this point one should identify not only group(s) 
and area(s) excluded but also to determine the 
reasons why they are excluded. These problems are 
extremely difficult to be studied and the traditional 
methods to analyse demand will not work here. 
Each individual counts and as the concepts of 
individual means, the needs are different but not less 
important. Explore the detail of the necessity will 
contribute to enlarge the spectrum and therefore 
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include more people on the mainstream transport. 
How do they actually are injected to the mainstream 
system is the second step to analyse. At this stage 
the economic analysis can be helpful. 

4.2 How to look for: collection of variables 

The aim is to provide a suitable bus service based 
on users’ needs. Making it easier for people to use 
buses with adequate design of bus stop and 
associated information should be the aim of any 
transport plan. Potential problematic areas can be 
identified by looking at the basic five types of 
variables: population density, income, transport 
availability, network infrastructure and the most 
popular desirable destination points,. Once these are 
identified a closer contact within such areas and/or 
groups should be established. All social 
organisations on the area should be identified and 
contacted, they will deliver an overall view of 
current problems, as they will also act as partners to 
contact local individuals. All the needs from users 
should be considered. It is extremely important that 
pre-judgements of researcher teams should be 
avoided. This is the time to consider users’ 
organisations needs. A cost constraint will be 
introduced at this time - not before a detailed 
diagnostic of the area in study. 

At least three alternative routes should be worked 
out with a cost analysis associated to each of them. 
The decision for the service route should satisfy 
users’ requirements. The partnership (including the 
community) set at the beginning to identify their 
problems. will now play its role on the decision 
process. Therefore the current concept of “Quality 
Partnership”, see DETR ( 1999), should be revised 
once it does not consider the most important part on 
this relation - the users, as an active part of the 
scheme. A constant monitoring of the service taking 
into account users’ point of view to improve the 
quality will lead to a crescent increase in demand. 

This kind of bus service provision was developed 
inside an environment that guarantees full 
accessibility and improves mobility for all kind of 
users. In this context, the users considered in this 
paper-included people with mobility impairment 
(either permanent or temporary), wheelchair users, 
those with any kind of walking aid, elderly people, 
people with shopping andor  pushchair, sensory 
impairment- visual impairment, audio impairment: 
cognitive impairment - people with learning 

difficulties, people with mental illness and personal 
impairment, people with personal fear, lack of 
confidence and those facing safety problems. 

This paper considers a six stage journey chain: (i) 
the enquiry, a pre-information step decision; (ii) the 
walk - the effort (physical and mental) to walk from 
home to a bus stop; (iii) the wait at the bus stop and 
the information needs associated at this point, (iv) 
the ride; (v) interchanges, when applicable (vi) and 
finally the walk at the final destination. 

It is very important that the interfaces of the 
service are designed to assist users’ expectations. 
Each individual element requires being both user- 
friendly and accessible for all kind of users 
(including disabled people). Four basic interface 
systems should be studied: vehicle, bus stop, 
accesses (footpath network), information systems 
and interchange points. 

The vehicle should be a low floor type. The 
internal design should guarantee adequate space for 
more than one wheelchair. One other aspect, which 
is becoming evident, is that the wheelchair users do 
not know how to manoeuvre inside the bus. The 
partnership could help a lot to train and improve the 
use of the bus by people in wheelchairs. Audible 
and visual information are two other items that must 
be included as part of information systems (in-trip 
information). Inductive loop should be installed and 
the visual information must obey the three precepts 
of information: visibility (see), legibility (read) and, 
clarity (understand). The contents of in-vehicle 
information should provide: actual bus stops’ name. 
the next bus stop name, most popular destination 
points associated to each bus stop, including 
interchange points. The driver is a fundamental part 
of this interface, and, at this stage, it is redundant to 
reinforce the importance of disabilities awareness 
training. Most of them are very keen to help users if 
they were not pressured by service schedules. If 
operators consider the amount of responsibility they 
have while driving they could also understand that 
drivers are capable enough to judge when it is 
necessary to stop to help people with difficulties and 
adjust their time. 

A full description of the vehicle design and bus 
service oriented and constructed within the 
community participation (in urban and rural 
environment) is described on Hackney Plus Bus 
Project, (Lynas and Tyler (1998)) and Cumbria Plus 
Bus Project (Brown and Tyler, (1 999)), respectively. 
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Improved low floor vehicle type will do no good 
if passengers cannot get on and off the bus. A detail 
study of the bus stop environment needs to be 
applied to design the area safely, comfortably and 
without interfering with pedestrian and traffic flows. 
In order to follow the recommendations of the 
European Community, in relation to the horizontal 
and vertical gap between the kerb and the floor of 
the bus, the kerb must be raised. Raised the kerb 
will affect the crossfall of the platform and the 
drainage system. A detail study and a compromised 
solution to please users and follow engineering 
restrictions will be necessary. Bus shelter is another 
important component of stops and interchange 
environment, as it is the area where disabled and 
elderly people comfortably and safely wait for the 
bus. Its layout is extremely important. Special 
attention on its location and shape should be paid in 
order to accommodate wheelchair users and to give 
visual impairment people direct and standard access 
on and off the bus. Other important issue of the bus 
stop design in the interface between the platform and 
the vehicle. Drivers need to park vehicles close and 
parallel to the kerb. This sometimes is not possible 
due to illegal parking, an issue that needs being 
addressed. A guidance system should be specifically 
designed according different bus stop layouts to help 
drivers to achieve the correct position to the bus 
stop. The EXCALIBUR project describes in detail 
several elements that compound different bus stop 
layouts. See Caiaffa & Tyler (1999) and Tyler & 
Caiaffa (1 999a). 

Vehicle and bus stop environment still will not 
help if the user cannot reach the bus stop. A 
footpath network needs to be adopted in terms of 
infrastructure and information signs. The aim here is 
to promote f d l  access free of obstacles - the 
perspective of having access to the whole journey 
chain begins with information. If the system is not 
capable to cope with the needs of users in other 
xvords if the system acts as barriers to them (bad 
design, lack of contact with the community 
expectations) it should at least be able to point 
clearly, which and where these barriers are located. 
Provide and inform existent alternatives or have a 
very clear plan to produce reasonable alternatives 
(worked out close to the community expectations) is 
responsibility of the local authorities and members 
of the community and constitute the very first steps 
of the re-inclusion process. 

The network is other but more complicated 
element. If one considers that the road and rail 
infrastructures are fixed and interchange points will 
not be altered, the only part that can be changed in 

an integrated approach is the bus network system. 
Bus services with high frequency, oriented to 
integrate with other modes and inject people on the 
main stream system could be the aim of an 
integrated approach in transport. 

5 CONCLUSIONS 

Transport is only one element of many in any 
policy aimed at reducing the effects of social 
exclusion. There is a need of a cross-sector and a 
cross-agency approach involving health, 
employment and housing organisations as well as 
transport bodies, local authorities and, crucially, the 
affected local communities. 

Traditional methods to look at bus systems were 
focused in a traffic-oriented approach. Basically the 
core of the problem was to study the impact on 
traffic flows. A step forward was introduced within 
the concept of bus priority lanes. 

The Disability Act (1 995) introduced in the UK a 
new way to look at the same problem. It changed 
dramatically the centre of the question from the 
traffic impacts and performance of operators to the 
satisfaction of all users. 

The integrated approach is based on a set of 
compromises. It  involves people, their needs. 
restrictions, and conflicting points of view. 
discussions. decisions and partnership. 

Integrating land use planning and transport 
decision-making has been the core of the UK 
Government policy for several years, in the quest of 
achieving a more sustainable pattern of development 
and reducing the growth in car use/dependency. The 
promotion of major developments within public 
transport corridors and other areas where good 
public transport exists or can be provided have 
occupied a central place in recent policy statements. 

The Best Value concept, recently introduced by 
the UK government (DETR, (1 999a)) indicates that 
the local plan process demands its own target and 
indicators against which local authorities 
performance will be assessed. In a recent Audit 
Commission, it was pointed new indicators: cost per 
passenger km of subsided bus services; local bus 
service vehicle per year; local bus service passenger 
journeys per year; percentage of users satisfied with 
local provision of public transport information; and 
percentage of users satisfied with local bus service. 

But some issues may arise: are corridors’ 
proposals being developed in ways which will 
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reduce car dependency and overall traffic levels? 
Are they being developed with a high level of local 
service provision? Are they involving the 
community affected? Are the local authorities able 
to obtain the additional data to measure 
performance? Do they know how to measure users’ 
satisfaction? 

Within the academic arena there are many studies 
in development pointing to other directions. There is 
a group who suggests that services to deprived areas 
should be improved - perhaps through subsidies - 
may be more effective than traditional approaches to 
overcoming social exclusion based around providing 
more infrastructure, usually roads. The Woman 
Network Group believes that better infrastructure 
does not automatically solve exclusion problems. 
There is also a need to look at different requirements 
of various excluded groups. Current transport 
patterns, for instance, do not take enough account of 
women’s circumstances. Hurdle (1 999) underlines 
in  his study about accessibility in East London that 
the needs of disabled people are still at the bottom of 
the pile. And finally Tyler (1999b) in his recent 
work introduces the concept of the “Journey Chain 
Independence” - a revision of the current thresholds 
of the transport system elements in order to 
minimise barriers. The idea is an understanding of 
the limits and a better design can include more and 
more people that will take the public transport 
independently. 
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ABSTRACT: South African institutional policies require that the transportation requirements of persons with 
disabilities should be addressed. The Cape Metropolitan Council accordingly undertook a study to determine 
the requirements of disabled passengers (Special Needs Passengers, SNPs), through a literary survey and 
consultation with SNPs. It was found that S N P s  could be categorised in four different groups by their travel 
characteristics and type of improvements that they would require. The policies formulated included 
representation of S N P s  on a statutory transport advisory board, establishment of a multi-disciplinary 
intersectoral liaison body, the formulation of a programme to make all transport facilities accessible to SNPs 
and a campaign to raise awareness of the requirements of SNPs.  

1. INTRODUCTION 

The public transport system operating within the 
Cape Metropolitan Area (CMA) serves a population 
of 2.5 million people (1996). It comprises commuter 
trains, buses and 16-seater mini-bus taxi vehicles. 
Although institutional policies state that the 
transportation requirements of Special Needs 
Passengers ( S N P s )  should be addressed, little, if any, 
provision is made for them in practice. The Cape 
Metropolitan Council (CMC) acknowledged this 
responsibility and commissioned a study to 
determine the needs of these passengers and adopted 
policies to fulfi l  these needs. 

2. DEFINITION OF S N P s  

Many definitions have been used to describe who is 
mobility disadvantaged. The South African National 
Department of Transport’s definition (Department of 
Transport, 1998. Moving South Africa: Towards a 
Transport Strategy for 2020, Report and Strategic 
Recommendations) which groups passengers into 
one or more of three categories was accepted for the 
study, namely: 

= Life Cycle Passengers: including children 
between 5 and 14 years old, people with health 
conditions, pregnant women and the elderly 
(aged 65 and above). 

. Impairment Passengers: any customer with 
physical, sensory, or cognitive impairment, 
including full  or partial impairments in motor 
functions, sight, hearing, speech, mental or 
intellectual capabilities, and short people. 

Signage Passengers: including people who are 
not literate and foreigners who are unable to 
read transport signs and notices and who require 
non-verbal forms of communication. 

3. PREVALENCE OF S N P s  

It is estimated that there are at least 700 000 S N P s  
within the CMA (Statistics South Africa, 1998. 
Selected data from Census 96), which represents 
almost 28% of the area’s total population. Of these 
passengers, approximately 100 000 (3.9% of the 
population) are passengers with disabilities such as a 
serious sight, hearing, physical or mental 
impairment. 

4. CONSULTATION 

To establish the transportation needs of these 
passengers, interviews were held with 156 
individuals with disabilities who spoke about their 
requirements, problems that they have experienced 
with trains, buses and mini-bus taxis and suggestions 

70 1 



for improving the services. These interviews were 
arranged with the assistance of ten of the non- 
governmental organisations providing services for 
persons with disabilities within the CMA. 
Questionnaires were also available for completion in 
response to a newspaper advertisement that was 
published over a series of weeks. 

4.1 Transportation needs 

Some of the “needs” of the individuals, as expressed 
in their own words, are reproduced below: 

“To be independent, not rely on our families or 
social services organisations for transport” 

“Need to know that there are people around who 
can help” 

“Freedom of movement” 
“To be at ease” 
“To retain dignity when using public transport” 
These needs are best summarised by quoting from 

the National White Paper (Office of the Deputy 
President of the Republic of South Africa, 1997. 
White Paper on Integrated National Disability 
Strategy), which states that “People with disabilities 
should be able to travel, regardless of the purpose of 
the journey ”. 

4.2 Problems using existing systems 

Many problems were encountered by S N P s  whilst 
using the existing transport systems. Some 
examples, again given in the person’s own words, 
are recorded below: 

4.2.1 Problems encountered getting to the point of 
access 

“Distance to the stop is too far.” 

ramps or dropped kerbs” 

hawkers block pavements.” 

4.2.2 Problems encountered using trains 
“Identifying which train to get on to” 

platform to another.” 

you reach the particular station.” 

consistently.” 

on and off.” 

stations - whether it was an express or not.” 

myself up with.” 

“Pavements are uneven and have insufficient 

“Cars parked on kerbs and pavements and street 

“Too many steps when having to get from one 

“Knowing which station to get off at and when 

“Train does not stop in the same place 

“Doors close too quickly - not enough time to get 

“Used to be conductors announcing the routes, 

“Need poles on the inside of the train to pull 

4.2.3 Problems encountered using buses 
“Problem communicating with the drivers.” 

“How to find the stop on the pavement?” 
“Cannot see the approaching bus, and then I hail 

“Steps of the bus are too high.” 
“Need time to get on and off the bus.” 
“Driver does not wait for you to take your seat 

“Cannot reach the bell to tell the driver to stop.” 
“Need the driver to take out the money for the 

it too late for it to stop.” 

properly before moving on.” 

ticket.” 

4.2.4 Problems encountered using minibus taxis 
“Problem is knowing where the taxi is going - no- 
one can sign to tell me.” 

“Do not wait when they see you coming - and 
when they see that you are disabled - they just drive 
away.” 

“Too rough - driver has no patience.” 
“People push and are not prepared to wait even 

though you are disabled - they get impatient.” 
“No place for the wheelchair in the taxi.” 

5. FRAMEWORK FOR IMPROVEMENTS 

5.1 Identlfication of passenger groups 

Based upon the information gathered from the 
interviews and a literature search of how other 
countries are improving transport for their 
passengers, a generalised framework for 
improvements to the transport system was 
developed. The framework, given in Table 1 on the 
following page, defines four different groups of 
S N P s  by their travel characteristics and the type of 
improvements that they would require. It also gives 
a proposed timeframe for implementation of the 
improvements. 

5.2 Types of improvements required 

Four different types of improvements have been 
identified as being necessary to make the existing 
transport system accessible to SNPs.  

5.2.1 Type I Improvements: General improvements 
General improvements are required to all 
components of the public transport system to make 
them more accessible to S N P s  who can currently use 
the existing system to a limited degree. Most of 
these improvements can be considered as part of an 
overall process to raise the standard of service 
provided to all passengers. 

The height difference between the floor of buses 
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and taxis and the footpath can be reduced by a 
combination of peninsular stops (raised if necessary) 
and reduced step heights. Additional handrails and 
grab rails can be fixed both at the doors and within 
the bus to provide support when moving along the 
aisle. A system of priority seating can be introduced 
with the seats nearest the doors available to 
passengers with special needs. The position of bell 
pushes to make the driver aware that a passenger 
wishes to alight can be positioned so that it can be 
reached easily. 

5.2.2 
system interfaces 
Better passenger / system interfaces are required to 
make the transport system easier to navigate for 
passengers who are physically able to use it, but 
hindered by lack of information. 

Specific passengers who experience such 
problems are those with a visual or hearing 
impairment, mild intellectual or mental impairment 
and signage passengers. 

A detailed report on improving bus accessibility 
for persons with sensory and cognitive impairments 
has been published by the US Department of 
Transportation (United States Department of 
Transportation, 1993. Improving Bus Accessibility 
Systems for Persons with Sensory and Cognitive 
Impairments). The report identifies two areas of 
major concern for persons with hearing impairments. 
These are receiving information necessary to make a 
trip and hearing announcements about the service 
over a PA system. 

Facilities to communicate by approximate modes 
should be available at key locations throughout the 
transport system and some staff at major 
interchanges should be familiar with basic sign 
language. For assistance in accessing the correct 
vehicle, visual signs with clearly written instructions 
and displays of announcements are useful. 

The report identifies that there are three areas of 
major difficulty for persons with visual impairments. 
These are receiving information, locating and using 
devices associated with a trip and the physical 
movements through the system. The report suggests 
that orientation and mobility training can be used to 
assist the passenger. Some organisations within the 
CMA provide this service and these should be 
supported. Information provided by operators 
should be easily available and of appropriate nature, 
e.g. large print, high contrast written information, 
Braille materials, tactile maps and audio cassette 
information. 

A simple solution to enable visually impaired 
passengers to hail the correct bus or minibus taxi is 
to use a “bus identifier kit” where a rider displays a 

Type 2 Improvements: Better passenger / 

large, hand-held sign showing the route number of 
the service they with to use. For its use in Cape 
Town, all bus and taxi routes would require to be 
numbered and these numbers should be clearly 
displayed on the vehicles together with the 
destination of the route. 
A further improvement that would assist persons 
with sight impairments is to provide audible traffic 
signals as a standard feature at signalised 
intersections and pedestrian crossings. Such signals 
have been used to a limited degree in South Africa 
and reported to be successful. Large push buttons 
should also be standard for all pedestrian calls at 
signals. 

Payment of fares by electronic “smart cards” 
would assist passengers. Such a system has recently 
been introduced for minibus taxis elsewhere in the 
country. 

5.2.3 Type 3 Improvements: Major improvements 

Major improvement and special features are required 
to make the public transport system accessible to 
severely physically impaired passengers. Road based 
vehicles require to be provided with ramps or lifts 
for wheelchairs and spaces provided within for them 
so that they can be securely fastened to prevent 
movement. Similar features are required in trains. 
However, in addition to improving the rolling stock, 
access to the platforms is also required. Currently, 
access to many platforms is via stairs from an over 
rail bridge. 

5.2.4 Type 4 Improvements: Door-to-door Special 

Some SNPs,  due to the nature of their impairment, 
will need assistance to use any mode of transport if 
travelling alone. 

In such circumstances, a Special Transport 
Service that provides a kerb-to-kerb service, is 
required. These services are already operated by 
some service organisations within the CMA. Also, a 
CMC project to demonstrate its use is currently 
being operated on a limited scale within the CMA 
and is proving to be successhl. 

and special features 

Transport Services 

6. CMC ACKNOWLEDGES RESPONSIBILITY 

The CMC acknowledged that it had a statutory duty 
to provide public facilities and services for people 
with disabilities, which includes public transport. 
Not only does the South African Constitution 
prohibit discrimination on the grounds of disability 
but the success of other government policies to 
integrate people with disabilities into the society will 
also depend upon provision of transport. 
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able 1 : Proposed generalised f r m  
Four groups of 
Special Needs 
Passengers: 
Group A 

Aged passengers (65+) 

Young passengers (5-14) 

Short persons 

Pregnant Women 

Less severe physical impairments 

Accompanied persons with severe 
intellectual or mental impairments 
Group B 

Sight/Hearing impaired Persons 

Persons with less severe 
intellectual or mental impairments 

Signage passengers 
Group C 

Severe physical impairments but 
who can travel on their own or 
\\+th assistance from another 
person 

Group D 

Unaccompanied persons with 
severe physical impairments 

Unaccompanied persons with 
severe intellectual or mental 
impairments 

work for improvement! 
With the following 
travel characteristics: 

who can use the 
existing transport 
system to a limited 
degree 

who can use the 
existing transport 
system to a limited 
degree 

generally cannot use 
the existing transport 
system because it is 
inaccessible but could 
do so if it became 
accessible 

who need assistance 
to use any mode of 
transport but are 
travelling alone 

I the infrastructure and transport systc 
Who require different types of 
improvements to public transport 
and infrastructure: 
Type 1 

General improvements to vehicles 
and infrastructure (eg more grab 
rails, reduced differences in level) 

Better passenger/system interfaces 
(eg staff training and co-operation, 
audible-visual announcement 
systems) 

Type 3 

Require major improvements and 
special features to vehicles and 
infrastructure (eg rampsflifts and 
dedicated spaces for wheelchairs or 
storage) andor Special Transport 
Service 
Type 4 

Require an improved and expanded 
door-to-door Special Transport 
Service whch is a combination of 
public intersectoral government and 
service organisation transport 

These improvements 
benefit the following 
groups: 
Passengers in Group A 
and all other general 
users of the system 

Passengers in Groups 
A and B and all other 
general users of the 
system 

Passengers in Groups 
A,BandC 

Passengers in Group C 
who need assistance to 
travel but are alone and 
passengers in Group D 

And could be implemented in the following timeframe: 

Buildings: All new facilities should be planned to be 
accessible and, if identified key facility within the 
transport network, should be constructed so. Programme 
to make existing key facilities accessible should also be 
prepared, taking into account the relative importance of 
the location to Special Needs Passengers and when the 
facility is due for renovation. 

New and Rehabilitated Vehicles & Carriages: On a 
continuous basis after a published future date 

Should be on-going 

To be in accordance with a timetable and schedule to be 
incorporated as part of the regulation and concessioning 
of public transport 

Special Transport Services already exist (eg service 
organisations, special school transport fleets and CMC 
Dial-a-kde). Needs support to function more 
effectively. 
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Apart from the obvious financial constraints, 
there were also certain statutory and policy aspects 
that impeded or prevented effective and immediate 
implementation of the adopted policy to proceed 
with the provision of transport for disabled persons. 
One of these was the lack of any local level policies. 
A second was that due to the fragmented nature of 
the responsibility for transport across the 3 spheres 
of government in South Africa, the CMC could only 
carry out planning for road based public transport 
and influence the standards to which transport 
interchanges and on-street boarding and alighting 
facilities are constructed. Importantly, the 
subsidised bus services and rail commuter service 
are controlled by other authorities. 

7. CMC DECISIONS 

In spite of the abovementioned difficulties that had 
to be considered when making the decision to 
proceed with the provision of public transport 
services for SNPs ,  the CMC adopted the policy 
principles listed below. Some relate to matters for 
which it already had the responsibility, while the 
responsibility for operational aspects still resided 
with other authorities: 

7.1 Representation of S N P s  on the local statutory 
transport advisory board. 

7.2 Establishment of a multi-disciplinary 
intersectoral committee to liaise with the 
community with disabilities and provide advice 
to local government departments. 

7.3 

7.4 

7.5 

All new transport facilities to be planned to be 
accessible and, if it is an identified key facility, 
to be constructed so. 

Formulation of a programme for making existing 
key facilities accessible. 

Raise awareness of authorities and service 
providers to the requirements of SNPs.  

7.6 Support existing transport services operated by 
non-governmental organisations. 

8. FUTURE TRANSPORT OPERATIONS 

While the CMC does not presently have 
responsibility for the actual provision of public 
transport services, it is anticipated that this may 

change in future, in which case the following policy 
principles will be applied: 

8.1 Accessible transport to be a combination of 
primary and secondary systems together with a 
Special Transport Service provided by public 
service operators and non-governmental 
organisations. 

8,2 Accessibility standards for new road vehicles 
and rail coaches to be formulated and 
incorporated within specifications for new 
services. 

9. CONCLUSION 

The study highlighted the transport requirements of 
SNPs,  and proposed a framework for improvements 
to the existing systems. By accepting relevant 
policy proposals and initiating actions to incorporate 
these into the transport implementation plan, steps 
are being taken towards providing accessible 
transport within the metropolitan area. 
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ABSTRACT. The evolution of accessibility and mobility in Cairo is analysed by two steps : first the potential 
with regard to accessibility, that is the city’s capacity to ease interactions, and second, the actual practices of 
accessibility, that is the ways in which the population uses this capacity. From the analysis of rich and original 
data drawn from maps and statistics that allows to compare the development of the different public transpor- 
tation networks in the period 1987-1998, and since the early 1970s for a number of specific public transporta- 
tion means. 

RESUME. L‘kvolution de l’accessibilite et de la mobilite est analyske en deux temps, d’une part l’kvaluation 
du potentiel d’accessibilite en regard de I‘offre, d’autre part la maniere dont les usagers exploitent ces capaci- 
tes. A partir de donnees originales, traitees statistiquement et cartographiquement le developpement du trans- 
port public est caracterist particulikrement au long de la periode 1987-1998, mais aussi depuis Ia mise en 
ceiivre des premiers moyens publics dans les annees 70. 

1. LE CAIRE, UNE DES VILLES LES PLUS 
DENSES AU MONDE 

1. I .  i’rofonds hoiileversements et ktnlenzent zrrbciin 
Le Caire est sans conteste I’une des plus grandes 
metropoles d’Afrique et du Moyen Orient. A I’aube 
du XXI’e”’e siecle, elle coinpte pres de 11 millions 
d’habitants. Le recensement de 1996 confirme un 
tassement de la croissance demographique aniorce 
lors des deux decennies anterieures. Le taux de 
croissance de la region est passe de 3 YO pour la pe- 
riode 1976-1986 a 1.9 YO pour la derniere decennie. 
Alors la region du Grand Caire a gagne 228 000 ha- 
bitants par an contre 277 000 entre 1976 et 1986 et 
188 000 er,tre 1976 et 1966. Desormais, l’essor de la 
ville n’est plus, pour I’essentiel, que le pryduit d’un 
croit deniographique, lui-meme flechissant . 
Si (d’explosion )) n’est plus a l’ordre du jour, de pro- 
fonds bouleversements amorcent une nouvelle 
configuration urbaine. On observe en effet des pro- 
cessus de redistribution et d’etalement urbain. La 
surface batie de I’agglonieration du Caire a presque 

* DENlS E. 1998. (( Le Caire et I’Egypte A I’orCe du XXle sie- 
cle. Une metrooole stabilisee dans un  contexte de rede- 
pl9ieinent de la croissance. D, in Leftre d’infortnution de 

OUC’C, no 48, juin, pp. 4-1 7 .  
CflESNAlS M. 1998. (( Evaluation de ia croissance urbaine 
du Caire ar teledktection D, it7 Revue de Gkographie de 
L ~ w 7 .  Vo? 73, mars, pp. 259-266. 

t*  

double en 10 ans. Cette extension de l’agglomeration 
du Caire relkve de plusieurs processus. En premier 
lieu. on observe un etalenient (( classique )) avec une 
diffusion de l’urbanisation en peripherie des quar- 
tiers deja agglomeres. I1 s’agit du lotissement de ter- 
res agricoles ou desertiques en continuitk du biiti 
existant. L’analyse des cartes satellites montre 
qu’entre 1986 et 1994, l’agglomeration s‘est ainsi 
accrue de pres de 6 000 hectares. Cette extension en 
continuite de I‘agglomeration est principalement lo- 
calisee sur la rive gauche du Nil, entre Giza et Imba- 
ba et au *Ford ouest dans le gouvernorat de 
Qalyubiyya . Ce phenomene se traduit Cgalement 
par l’integration, avec la progression des construc- 
tions, de villages deja existants. Cet encapsulage des 
villages est surtout visible dans le gouvernorat de 
Giza. 737.3 ha de village ont ainsi ete intkgrks entre 
1986 et 1994. La creation en 1996 d’un nouveau 
qism, reunissant notamment les villages de Bashtil, 
Waraq al-Arab ou encore Waraq al-Hadr, est rev& 
lateur de ce phenomene. Deja, agglomkris en 1986, 
ils ont maintenant un statut urbain offciel. 
Ces nouveaux espaces urbanises correspondent ega- 
lenient en partie aux villes nouvelles et aux New 
Settlement construits a la peripherie, plus ou moins 
proche, du Caire. Si les extensions physiques de ces 
nouveaux espaces sont statistiquement difficilement 
calculables, les observations regulieres sur le terrain 
ne laissent aucun doute sur leur croissance. Au dC- 
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part, la ville du Six Octobre s’etendait sur environ 30 
km2 ; elle couvre aujourd’hui pres de 360 km2, dont 
certes seulement 60 sont lotis, mais ce qui laisse au- 
gurer de l’ampleur de sa croissance. On observe des 
processus semblables a l’est autour des New- 
Settlements no 1, 2 et 3, du quartier de New Cairo. 

1.2. Redistribution de la population 
Cet etalement s’accompagne d’un mouvement de re- 
distribution centrifuge de la population. Le centre se 
dedensifie au profit des peripheries de l’agglo- 
meration, aussi bien celles deja existantes, par effet 
de densification, que celles nouvellement creees, par 
effet de diffusion. Le plus fort taux de croissance de 
la region est desormais celui des quartiers periphkri- 
ques planifies et des villes nouvelles, qui enregis- 
trent 7 % de croissance annuelle. Cela correspond a 
un doublement de population en 10 ans. La popula- 
tion de la ville du Six Octobre est ainsi passee de 
527 en 1986 a pres de 36 000 h/km2 en 1996. A I’est, 
en bordure du plateau desertique les 2 qisms de Ma- 
dinat Nasr affichent les plus forts taux avec pres de 
1 1 TO par an depuis 10 ans. A l’inverse, l’hemorragie 
de population s’est accelerde dans les quartiers du 
vieux centre ancien. A Gamaliyya, Muski ou encore 
Bulaq, les pertes annuelles depassent 4 %. 
Ces processus d’etalement et d’extension de 
I’ag!lonitration du Caire contribuent a redefinir les 
besoins de mobilite des habitants, les flux et les ty- 
pes de flux des habitants, a la fois au depart de ces 
zones vers le (( centre D, mais egalement du 
(( centre )) vers ces zones. Cela se traduit a la fois par 
un allongement des distances et des temps de depla- 
cement, une modification des trajets et des modes 
utilises. La mobilitt (( se deforme dans ses dimen- 
sions spatiales, temporelles, modales. et le territoire 
du quotidien ne, coincide plus strictement avec celui 
de (( la )) ville )) . 
Dans le m&me temps, cette redistribution de la po- 
pulation s’accompagne de bouleversements des 
structures familiales. Ces redistributions entrainent 
en effet des processus d’eclatement, de dispersion 
dans I‘espace des familles Clargies. Une nouvelle 
geographie des liens sociaux se dessine, fondee no- 
tamment sur l’importance et la perennite des reseaux 
de solidarite familiale. Le vieillissement du centre 
ville se poursuit, et de plus en plus de jeunes mena- 
ges s’installent en periphdrie. Ainsi a 1’Cchelle de 
I’agglomeration des recompositions spatiales et so- 
ciales emergent redtfinissant les besoins globaux de 
mobilite. Les nouveaux flux de diplacement ntces- 
sitent la creation ou le renforcement des liens exis- 
tants entre les espaces, mais aussi peut-etre une 
modification de l’offre. 

I .  3. Ville dense, territoire relativement restreint 
Si les densites s’homogeneisent, le Caire, avec 217 
h/ ha en 1996, demeure une des villes panni les plus 
denses du monde, avec Bombay, Jakarta et quelques 
grandes villes asiatiques. Si la ville s’etend, Le Caire 
revele des configurations tres spkcifiques, ou les 
phenomenes d’etalement restent encore marginaux. 
Nous sommes loin ici des dynamiques observees 
dans les grandes metropoles africaines ou sud- 
americaines, oh la croissance du biiti procede de 
phtnomknes extensifs. Les distances au Caire entre 
zones centrales et peripheries sont relativement fai- 
bles. Les quartiers informels d’Imbaba ou de Bulaq 
al-Dakrur, par exemple, sont a moins de 3 km du 
centre fonctionnel. Ainsi, les faibles distances 
maximisent a priori les possibilites d’interrelations 
entre les differents lieux de I’agglomeration. Ces 
fortes densites renvoient a des mttriques et des be- 
soins de dtplacement particuliers. Un espace dense 
n’implique en effet pas les memes utilisations et 
niodalites de gestion qu’un espace ou l‘urbanisation 
est Eche. L’equipement de ce type de quartier est 
d’un coQt incomparablement plus faible que celui 
d’espace a l’urbanisation peu dense et sans bAti 616- 
vt. La densite iirbaine est une caracttristique glo- 
balement bentfique car elle garantit aux moindres 
coQts (economique, environnementaux), et pour le 
plus grand nombre, les &changes que la ville est cen- 
see offrir et symboliser D**. La ville dense autorise 
les deplacements a pied et rentabilise a priori les re- 
seaux de transports collectifs. Au regard de la confi- 
guration specifique du Caire et des profonds 
bouleversements qui ont affecte l’agglomeration, 
tant dam son espace que dans son organisation so- 
ciale, il a semblk interessant d’aborder cette ville ail 
travers de son offre de transport. I1 s‘agit au fond de 
comprendre comment la politique de transport public 
s’est inscrite dans la ville durant la derniere decen- 
nie. 

2. L’ENJEU DES TRANSPORTS 

2. I .  Ville en dkveloppemen! et enjeti des TC‘ 
Les transports en commun sont une necessite pour 
les villes du monde entier, car ils sont les seuls a as- 
surer une possibilite d’acces a tous, mais dans les 
pays en developpement ils constituent un enjeu par- 
ticulier. En effet, en raison des niveaux de vie et 
d’equipenient moins eleves, les captifs des transports 
en commun y constituent une part importante de Ia 
population. Le cas de Hong Kong peut faire figure 
de “modele” avec 90 YO des 10 millions de diplace- 

~ 

OKFEUIL J.-P. 1996. (( Urbain et pkriurbain : qui va oil ? )), 
in Urbanisme, no 289, juil-aoilt, pp. 52-57. 

** EGAL Y.1994. (( Des effets positifs de la densite iirbainr ))- 

*** OCDE.f988. Les villes er ieurs trunsports : AthZ~7cs, Gore- 
in Trans orls Urbains, no 82, avril-juin, pp. 27-3 I .  

bor , Hon Koiig, Londres, Los A n  eles, h+inicli, h’ew 
~ o r f ,  osafa, Paris, Lyingqx)iir. O C ~ E .  Paris, 22 I p. 
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ments quotidiens assur& par les transports en com- 
munt. Au Caire, ils assurent pres de SO % des 14 
millions de deplacements quotidiens. 11s representent 
ainsi - considerant la part iniportante des deplace- 
ments pietonniers, Soil 36 % - le premier mode de 
deplacement cairote. Si I'on ne prend en coniple que 
les seuls deplacements motorises, leur part s W v e  & 
73 % (contre 20 %pour I'automobile). 

deux types au niveau du service propose. Cependant, 
leurs tarifs sont l6g.kment differents et les bus bleus 
operent gtntralement sur des distances plus impor- 
tantes. Depuis 1996, le CTA a de plus mis en place 
de nOuveaux types de lignes. 

2.2. AccEs b / a  vi//e 

Made 

1987 
1998 

I. Repanition modale des dfplacemenn (tousmoder) en 1998 
Marehe 1 Modes mfcanisfr 

1 Bus I Metro 1 Shared I A w T P  1 Taxi I AM. 

Bus Mini- Tram Meno BurNil Metro 
CTA bus way Hfliopolis Entre 1987 et 1998, I 'o t lk  de transport par autohus 

s'est sensiblement amtlior6.e. tant sur le plan quan- 
titatif que qualitatif. En premier lieu, on observe une 
nene croissance du nombre de limes : de 325 & 412. 

78.3% 5.8% 8% 7.3% 0.6% 
50.5% 8.8% I.%. 1.9% o,l% 37,8% 

I I I Taxi I I I 
36% I 12% I 11% I 18% I 6% I 4% I 13% 

2. Repartilion modale der ~euls dfplacemenlr motoris& -1998 
I Shared 1 Bus I Meno 1 Aums I Taxi 1 Auto- I Dew- 1 
Taxi ICTA I I T P  I 1 mobile I roues 

28% 1 19% 1 17% 1 8% I 6% ] 20% I I% 
Source : EnquCter menages. SystdDRPTC. d6cembrel998. 

Les transports en commun jouent ainsi un r61e pr& 
ponderant. Cela s'explique en partie par la faiblesse 
des taux de motorisation. On compte au Caire, en 
1998, 4.6 voitures pour 100 habitants ou encore 0.2 
voitures par menage. L'essentiel des menages cairo- 
tes ne dispose pas de moyen de transport individuel 
et est donc captif des transports en commun. Plus de 
80 % d'entre eux ne son1 pas motorises. Le faible 
taux d'equipement en automobile s'explique en 
grande partie par le faible pouvoir d'achat des mena- 
ges. Plus de SO Yo de  la population son1 en dessous 
du seuil de pauvrete et ne disposent donc pas du ca- 
pital necessaire & I'achat d'une automobile. 
Parmi les transports en commun publics, le service 
des autobus est le plus important, par I'etendue de 
son reseau et par son r6le dans les diplacements 
quotidiens. Si sa part dans le transport des passagen 
diminue entre 1987 et 1998, il demeure toujours le 
premier mode de deplacement des cairotes. 

La ville, comme espace quotidien, implique une in- 
ter-accessibilite suffsante entre les differents lieux 
qui 1a composent, et ce, non seulement pour les rela- 
tions domicilellravail. mais aussi pour les autres 
mobilites quotidiennes commerce, loisin, relations 
interindividuelles. N Une masse de population encla- 
vie. cloisonnee, pratiquant des activitts peu variees 
sera certainenient moins urbaine que la mtme popu- 
lation se mouvant dans un espace integre, complexe 
et mixte n*. On peut ainsi parler d'un veritable droit 
au transport, au mCme titre que le droit au travail, le 
droit B I'icole, le droit au logement ou encore le 
droit aux vacances. Les transports peuvent ainsi. par 
leur organisation. leur financement. leur adequation 
aux besoins, constituer un facteur aggravant 
I'exclusion ou au contraire favoriser I'integration du 
tissu social et urbain. Enclaves, isoles, certains quar- 
tiers son1 B I 'kart  du mouvement urbain. Daniel 
BEHAR parle de "relegation geopaphique", comme 
traduction spatiale de I'exclusion sociale. s Ce qui 
produit la relegation, c'est la rupture entre ce qui se 
passe dans un quartier et au niveau de 
l'agglomeration n'. Quand il y a rupture du lien spa- 
tial, i l  y a production de dksequilibres et d'inegalitis. 
L'analyse des riseaux de transport prend alors toute 
son importance, et c'est en ce sens qu'elle aide & la 
comprehension du phenomene urbain dans son en- 
semble. 

3. ANALYSE DU RESEAU DE BUS EN 1987 ET 
EN 1998 

I I _ _ I _ I . - - - l _ l  

tirtiquer a n n ~ e l i  du CTA. 1987 c I  1998) 
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Le CTA a fortement investi dans l’acquisition de 
matkriels neufs et ainsi renouvele une partie de son 
parc de vehicules. On peut noter I’acquisition no- 
tamment de 22 bus climatises. La mise en service de 
vehicules neufs traduit directement une amelioration 
qualitative. En effet, un des probl6mes majeurs de ce 
mode de transport residait - et reside toujours en 
partie - dans la vktuste des vkhicules (perte 
d’efticacite et donc manque de compktitivite face 
aux autres modes). Un autobus en panne au milieu 
de la rue, moteur kclatk, vision quasi quotidienne 
pour qui reside au Caire. Mais la part des bus circu- 
lant - par rapport au parc disponible - est en nette 
croissance. Le service devient plus productif. 
Concernant la qualitt de fonctionnement, les Cvolu- 
tions semblent plus contrastees. Les temps d’attente 
augmentent en moyenne sensiblement et les frkquen- 
ces diminuent globalement. Cependant, on constate 
une reduction des Ccarts, entre les valeurs les plus 
faibles et Ies valeurs les plus elevees, pour ces deux 
indicateurs. Ainsi, on peut parler d‘une relative ho- 
mogeneisation des temps d’attente avec une baisse 
des maxima. Le mEme constat rtsulte de I’analyse 
des frequences. Si la fiequence moyenne diminue, 
on observe une augmentation des minima. On assiste 
ainsi 21 une amelioration par le bas, qui bien que 
nioins lisible, marque une reelle volonte 
d‘anielioration globale du niveau du service propose. 
Cela traduit kgalement les efforts realisks par la 
compagnie sur les lignes les moins competitives. 
Elks ont et6 supprimees dans certains cas et renfor- 
cees par I’affectation de vkhicules supplementaires 
dam d’autres. Parallelement, les nouvelles lignes 
mises en place sont plus competitives. Avec une fre- 
quence moyenne de 72 trajets (aller-retour) par jour, 
le service des bus longue distance offre les temps 
d‘attente les plus faibles, inferieur en moyenne a 
ceiix de 1987. 
Ces quelques indicateurs soulignent les efforts en- 
trepris par la compagnie des bus pour developper et 
anieliorer le niveau d’offre publique de transport. 
Le CTA a de plus dkveloppe de nouveaux types de 
services. La mise en place de 3 lignes de bus climati- 
sees est l’expression directe d’une volontk 
d‘anielioration de la qualite du transport, et s’inscrit 
dam un effort de revalorisation de ce mode. Les ta- 
rifs sont plus eIevCs que sur les lignes G classiques D, 
mais en contrepai-tie seuls les passagers debout sont 
admis. 
On peut noter Cgalement, Ia mise en place et le de- 
veloppenient durant cette pkriode d’un service de 
minibus (creation en 1985). Ces vehicules ne propo- 
saient, au depart, qu’un K service assis D, de meil- 
leure qualite. Mais, aux passagers assis sont tres vite 
Venus s’ajouter les passagers debout, et maintenant 
surcharges, ils ne sont qu’une replique en miniature 
des autobus bond& aux heures de pointe. Au regard 
des trajets effectues, il apparait nettement que la 
fonction des minibus est d’appuyer le service des 

bus reguliers en opkrant sur les m h e s  lignes et non 
pas dans des secteurs mal desservis. Les minibus en 
captant une partie des passagers du service des auto- 
bus ont ainsi contribuk a l’aniilioration des condi- 
tions de transport. Les taux d’occupation ont ainsi 
tres sensiblement diminue entre 1987 et 1998. La 
mise en place de deux lignes de metro durant cette 
deceimie a egalement jouk un rcile tres important. 

3.2. Digusion et dkconcentrntion 
De maniere globale, le service d’autobus du Caire 
s’est ameliore, m2me si certains problkmes majeurs 
demeurent. Les transports en commun au Caire, 
etant consideres par les autorites comme un enjeu 
strategique et securitaire, aucune doniiee spatiale 
n’est disponible. Public et chercheurs ne disposent 
pas de plans du reseau. Depuis quelques annees, on 
trouve, parfois, un descriptif succinct des trajets au 
niveau de certains arrets, mais le plus souvent ce 
n’est qu’une liste de numeros, sans sens pour le no- 
vice. L’information se transniet essentiellenient ora- 
lement, soit par le biais d’usagers, aniis ou parents, 
soit, aux stations principales par l’intermediaire d’un 
agent charge d‘aiguiller les passagers en fonction de 
leur destination. Pour notre etude, afin de pouvoir 
comparer Ie reseau de bus en 1987 et en 1998 et 
montrer les types d’~volution, nous avons entrepris 
la cartographie des lignes de bus du Caire a ces deux 
dates. Ce travail fut indispensable a la comprehen- 
sion des evolutions qui marquent le reseau durant 
cette decennie. 

+. LES FLUX DE PASSAGERS : 1987 ET 1998 
4. I .  Rkseau des hiis et extension spriticrlc dc 
I ‘ngglomkration : phinondne de dlfirsion 
NOW I’avons vu plus h u t ,  la surface biitie du Grand 
Caire a presque double en 10 ans. Durant la meme 
periode, l’offre de transport par autobus s’est egale- 
ment sensiblement accrue. La longueur totale du re- 
seau a et6 multipliee par 1,6 entre 1987 et 1998, soit 
une croissance de pres de 65 % en 10 am. I1 
s’agissait alors de voir si - dans quelle mesure et 
comment - l’offre de transport a accompagne 
l’extension de l’agglomeration. 
La cartographie de la croissance du nonibre de ligne 
entre 1987 et 1998 niontre tres clairenient une aug- 
mentation des liaisons en direction des peripheries et 
des nouvelles zones planifiees. Cette diffusion du re- 
seau procede de plusieurs types d’evolution. En 
premier lieu, on observe de nombreux prolonge- 
ments de lignes : 45 lignes, existantes en 1987, ont 
ainsi Cte prolongees vers des quartiers peripheriques. 
Certains quartiers comme Munib au sud, ou encore 
Zaahra et Nuzha al-Gadida au nord-est, sont ainsi 
devenus d’importants pciles de transport. Par ailleurs, 
de nouvelles liaisons ont ete mises en service. Elles 
concement en premier lieu les nouvelles zones plani- 
fiees sur des terrains desertiques en niarge de 
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l’agglomeration. I1 s’agit d’espaces dkveloppes dans 
le cadre des schtrnas directeurs d’amenagement du 
Grand Caire et qui, pour la plupart, ont CtC m i s  en 
chantier depuis le milieu des annees 1980. Ces zones 
affichent les plus forts taux de croissance demogra- 
phique entre 1986 et 1996, signe de leur expansion. 
De plus, elles concentrent une part croissante 
d’activites, dirigeant ainsi une partie des migrations 
altemantes. Elles n’avaient cependant, jusqu’a pre- 
sent, fait l‘objet d’aucune politique en matiere de 
transport public. La mise en place de liaisons par 
autobus marque ainsi une volonte nouvelle 
d’integration de ces espaces au reste de 
I’agglomeration. Ainsi, les villes nouvelles du Six 
Octobre et d‘al-Ubuu-, la nouvelle communaute de 
Shuruq ou encore Suq al-Ubur sont a present relikes 
a 1 ‘ aggl omkration. 

Source : Barge CClame, 1998. 

De mCme, le rkseau s’est tres fortement etendu vers 
les villages en peripherie de la ville : 20 (( villages )) 
ont ainsi Cte relics au centre. Certains d’entre eux 
font aujourd’hui partie integrante de I’agglomeration 
- dans le sens continuiti du biiti. 
L‘extension physique de I’agglomeration s‘est ainsi 
accompagnee d’une politique de transport et donc de 
niise en place de liens entre les diffirents espaces qui 
composent aujourd’hui la ville du Caire. Ce proces- 
sus de diffusion du reseau souligne les efforts entre- 
pris par le CTA pour accompagner la croissance 
urbaine. 
Cependant, les peripheries sont aussi les zones les 
plus faiblement reliees au reste de I’agglomCration. 
En 1998, la plupart des quartiers et espaces pkriphe- 
riques sont desservis par moins de 10 ligiies de bus. 
On y observe les plus faibles frequences et les plus 
forts temps d’attente. Si des efforts notables ont et6 
rkalises en direction de ces espaces, ils restent nean- 
moins encore mal desservis. 

4.2. Orgunisrrtion du rkseaic : phe‘nomine de di- 
concetitrai‘iotis 
Les phenomenes de diffusion observes plus haut sont 
de plus renforces par des dynaniiques de deconcen- 
tration du reseau. Le reseau des bus du Caire est tres 
fortement organise, en 1998 comme en 1987, par les 
places centrales. Elles polarisent I’essentiel des li- 
gnes de bus et organisent un reseau (( classique )) en 
forme d’ttoile. En 1987, 78 % des lignes passent par 

les grandes places centrales ou secondaires du Caire. 
En 1998, la part diminue Iegerement avec 71 %. Ce- 
pendant, si le centre dirige toujours le reseau, 
l’analyse comparative montre plusieurs types 
d’evolution qui traduisent une << depolarisation )) du 
reseau de bus. 
En premier lieu, on observe une redistribution des 
lignes transitant par les grandes places du Caire. La 
part des places centrales dimiiiue au profit des places 
secondaires (en ptripherie du centre). Ainsi, en 
1998, 68 % de ces lignes transitent par les places 
centrales contre 80 % en 1987. En revanche, la part 
de celles qui transitent par les places secondaires 
augmente sensiblement, passant de 20 % a 32 ?‘o en- 
tre 1987 et 1998. Cette redistribution des lignes en 
peripherie s’inscrit dans une volonte de decongestion 
des grandes stations centrales et plus generalenient 
des flux transitant par le centre ville. Les deux plus 
grandes gares de bus du Caire, Tahrir et Ramsis, ont 
de plus fait l’objet de riamenagements. La place Ta- 
hrir a Ctd entierement debarrasske de ses stations de 
bus. Elles ont et6 deplacCes sur la place attenante 
d’Abd al-Manheim Ryad. De plus, une partie des li- 
gnes ont et6 transferees vers la place Falaky. De 
meme, la place Qulali a accueilli une partie des li- 
gnes de Ramsis. Ces operations visent a reduire le 
poids des stations centrales en terme de trafic par 
Line meilleure repartition des lignes au centre ville. 

Source : Barge CClame, 1998. 

Par ailleurs, on assiste a im renforcement des liai- 
sons entre les peripheries, et principalenient des liai- 
sons directes. c‘est a dire ne transitant pas par le 
centre ville. En 1987, 53 YO des lignes sont de type 
centre-peripherie, contre 37 % en 1998. Les liaisons 
entre les peripheries constituent ainsi aujourd’hui 
I’essentiel du reseau. De plus, les liaisons directes 
(entre les peripheries) sont tres nettement renforckes. 
En 1998, 46 TO des lignes reliant les peripheries ne 
transitent pas le centre, contre 36 % en 1987. 
Le renforcement des liens directs entre les periphe- 
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ries s’insci-it dans un souci d’adaptation de I’offre a 
la demande. En effet, si le centre, principal p61e 
d’emploi, polarise une grande partie des mouve- 
ments pendulaires, les autres dtplacements (non liCs 
au travail) exigent le developpement d’autres types 
de liens. Plus coherents, les deplacements gagnent en 
qualite. Cette nouvelle organisation assure Cgale- 
ment une meilleure accessibilite entre les differents 
quartiers de l’agglomeration. Le rCseau y gagne en 
coherence. la ville en compacite. 

4.3. Lesflux : du bus au nikrro 
Le bus, nous l’avons vu, representent le principal 
mode de deplacement des cairotes. I1 prend en 
charge, en 1998, plus de la moitie des passagers 
transportes par Ie secteur public. Depuis dix ans, sa 
part a cependant tres sensiblement diminue. Le 
nonibre de passagers transportes quotidiennement est 
rest6 stable, aux alentours de 2,5 millions, aiors que 
dans le m6me temps le nombre global des deplace- 
ments a tres nettenient augmente. 
L’analyse comparative des flux en 1987 et en 1998 
met en avant I’apparition de nouveaux axes de de- 
piacements en relation directe avec les lignes nou- 
vellenient creees. Les lignes en direction des 
peripheries, et iiotaninient des nouvelles zones 
construites sur le desert accusent en effet les plus 
fortes croissances, en terme de flux. En revanche, sur 
les axes existants en 1987 et en 1998, on releve glo- 
balement peu de variations. Le centre draine toujours 
les plus importants flux de passagers. On peut noter 
cependant, en 1998, un net renforcement et un eta- 
lenient des flux en direction de l’est et du nord-est de 
l’agglonieration, vers les nouveaux espaces biitis sur 
le desert. Ces flux traduisent la forte croissance de 
ces zones, en ternies de population et d’activites ; 
croissance multipliant les besoins d’echanges avec la 
(( ville centre D. 
A l’oppose, certains axes ont perdu un nombre im- 
portant de passagers. Ces axes correspondent pour 
ceriains aux traces des deux nouvelles lignes de me- 
tro . Apparait ainsi un premier axe sud est-centre qui 
se superpose a Ia premiere ligne Hilwan-al-Marg et 
un second au nord, le long de la rue Shubra qui coi’n- 
cide avec la deuxieme ligne entre Shubra et Giza. On 
peut supposer que le metro a capte une partie im- 
portante des passagers utilisant traditionnellement le 
bus. Le metro est devenu le deuxieme mode de 
transport public, avec pres de 2 millions de passagers 
transportes par jour*’. Si dans Ie m i k e  temps, le 
nombre de deplacements quotidiens a considerable- 
ment augmente, il est indeniable qu’on assiste a un 
transfert de passagers des autres modes de transport 

public vers le mCtro. Une analyse plus fine serait 
utile a la comprehension du fonctionnement global 
du rkseau de transport public, et notamment du for- 
midable potentiel que reprCsente le metro. 

CONCLUSION 

Le reseau des autobus, durant la derniere decennie, 
s’est sans aucun doute ameliore, taiit sur le plan 
quantitatif que qualitatif. Cependant, le bus reste un 
mode de transport peu competitif. Les temps 
d’attente sont trop longs, les conditions de trajet dif- 
ficiles ... Les passagers ne s’y trompent pas. 11s lui 
preferent le microbus, mode de transport en commun 
semi-prive, beaucoup plus rapide, confortable et qui, 
plus souple, a su bien avant adapter son offre a la 
demande. I1 prend en charge pres de 30 YO des 14 
millions de deplacements quotidiens. Le challenge 
des transports en commun public se situe bien ici. 
Les solutions ne sont pas simples. Elles doivent 
s’inscrire dais m e  reflexion generale 
d’amenagement wbain. Et c’est ici justement 
qu’apparaissent de faqon exacerbee les dysfonction- 
nements des villes des pays en developpement en 
matiere de transport. Les choix en matiere 
d’accessibilite et de types de liaisons - priorite a 
I’autoniobile ou developpement des transports en 
cominun, reseau en etoile ou concentrique, internio- 
dalite.. . - sont en effet determinants. De ceux-ci de- 
pendent l’integration des nouvelles zones planifiees 
et surtout les conditions d’acces a l’ensemble urbain. 
Les politiques de planification s‘appuient sur des 
modeles qui ne sont pas toujoours adapt& aux be- 
soins immediats de la population ou aux realites lo- 
cales. En effet, les anienagements en cows visent a 
developper une ville au service de l‘autoniobile (au- 
toponts, ring road, parkings souterrains, tunnel d’al- 
Azhar, diminution des taxes.. .), alors que cette der- 
niere reste encore un mode de deplacement se- 
condaire. Les choix ne sont pas neutres. La volonte 
d’amenager se situe a une fiontiere difficile a dkfinir 
entre les imperatifs economiques de modernisation 
et les imperatifs sociaux. 
Ce n’est qu’au travers d’une reflexion globale, pre- 
nant en consideration l’ensemble des paranietres af- 
fectant la niobilite, que les transports publics 
optimiseront les potentialites d’interactions et ren- 
dront par la nikine la ville plus urbaine. En ce sens, 
le metro ouvre sfirenient la voie a une nouvelle ma- 
niere d’envisager la ville. 

* La premiere ligne fut rnise en service a la f in  de I’annee 1987 
et la seconde li  ne entre 1996 et I999 : un remier tronqon 
fin 1996 et un Zeuxibme tronqon debut 1996. 

1,4 millions de assagers par jour pour la premiere ligne et 
environ 600 010 pour la deusieme. 
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Mobilit6 motoris6e et environnement urbain au Maroc: Le modde gherique 
et ses effets pervers 

Ahmed Bencheikh 
L’lnstitut National d’ilmknagement et d’ Urbanisme, Rabat, Maroc 

ABSTRACT : The control and the management of the technical urban networks constitue the major skakes 
for moroccan towns the years to come. Collective services in the most important towns (Casablanca, Rabat- 
Sale, Fes and Marrakesh) and especially urban transports cannot avoid this new and difficult process. 

Key-words: Morocco, motorised mobility, urban environment, towns, planification, prospective, management, 
urban and technical networks. 

RESUME: La maitrise et la gestion des reseaux techniques urbains constituent des enjeux niajeurs pour les 
villes marocaines dans les annees a venir. En effet, les services collectifs dans les plus importantes 
agglomerations (Casablanca, Rabat-Sale, Fes et Marraltech) et plus particulierement les transports urbains 
n’echappent pas a ce nouveau et difficile processus. 

Mots-cles: Maroc, mobilite motorisee, environnenient urbain, villes, planification, prospective, mode de 
gestion, reseaux techniques urbains. 

Introduction : 

Les perspectives sont aussi contradictoires que la 
realite de l’urbanisation au Maroc est critique. Les 
dernieres decennies furent pourtant fertiles en 
politiques urbaines plus ou moins volontaristes 
mais les o bservateurs avertis s’accordent pour 
reconnaitre le dephasage entre les desseins 
politiques et differents projets d’amenagement 
urbain d’une part, et pratiques urbaines reelles 
d’autre part. En effet, de nouveaux facteurs 
multiples et complexes viennent desormais 
compliquer une situation de mal-developpement 
des agglomerations marocaines. Parmi les 
differentes difficultes que les collectivites locales, 
les elus et les administrations publiques doivent 

surnionter rapidement nous pouvons citer : la forte 
croissance des tranches d’iiges actif, la forte 
croissance de banlieues, le vieillissement et la 
degradation des infrastructures, la pollution, la 
speculation fonciere, le gaspillage des ressources, etc. 

Comment alors a ete pensee ou non la prise en 
compte de l’impact de la mobilite et plus 
particulierement la mobilite motorisee sur 
l’environnement urbain au Maroc ? Les limites de 
l’environnement urbain sont-elles pas en train de 
changer au point de compromettre I’accessibilite a la 
ville dans les conditions economiques et 
environnementales satisfaisantes a beaucoup de ses 
habitants (banlieues notamment) ? Comment concilier 
mobilite motorisee et developpement urbain durable 
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dam les grandes agglomerations marocaines ? 
Quelles politiques de la ville et des services 
collectifs urbains auront-elks quelques chances de 
succes a l’avenir ? Comment evolueront les formes 
techniques, economiques et gestionnaires de ces 
graiids reseaux de transports urbains qui couvreiit 
de maniere inegale les villes marocaines ? Dans 
quelle mesure les collectivites locales auront-elks 
les capacites financieres, juridiques et 
adniinistratives d’encadrer et d’inflechir leur offre 
de services de transports urbains, compte tenu de 
leur niveau de developpement ? 

Le mod&le gknerique, son developpement et 
ses effets pewers. 

La mobilite motorisee, t2te de liste des 
preoccupations environnementales urbaines, pose 
des difficult& majeures et incontournables a 
l’ensemble des grandes agglomerations urbaines 
niarocaines tant au niveau de la qualite de l’air et 
de la sante publique, du nombre eleve des 
accidents de la circulation, que du fonctionnement 
urbain ou du developpement economique. Or, le 
principal probleine auquel devront faire face les 
operateurs publics, et les planificateurs au Maroc 
dans les deux procliaines decennies, c’est celui du 
modele genkrique de transports urbains et son 
developpement. En d’autres terines, comment ce 
reseau technique des transports urbains est-il 
encore aujourd’hui capable d’integrer la croissance 
des villes marocaines et de la concentration des 
populations dam les banlieues pauvres ou riches 
dam ces m2mes villes ? Dans ce contexte se posent 
des problemes d’offre de services urbains qualite, 
equite, coQts et l’accessibilite a la ville pour les 
habitants des grandes agglomerations marocaiiies. 

Une cctraclition)) de plmification urbaine des 
transports 

Le Maroc est connu pour avoir ete l’un des pays 
d’experimentation coloniale d’avant-garde. 
Plusieurs reseaux techniques modernes oiit vu le 
jour dans ce pays. On peut citer le cas exemplaire 
de l’hydraulique et le systeme des perimetres 
irrigues des annee 40-50. I1 est essentiel d’avoir a 
l’esprit que la creation du Bas-R1i8ne-Languedoc 
(BRL, Nimes, France) s’est faite au moment de 
l’independance du Maroc en 1956. Les savoirs 
appris par les ingenieurs et techniciens de cette 
eiitreprise etaient appris dam l’experience 
coloiiiale niarocaine ! Le systeme de la 
planification urbaine moderne inis en place par 
Lyautey et Prost dans les annees 10-20 est aussi 
exemplaire par sa grille territoriale uniforme et son 
reseau viaire orthogonale servant de structures 
portante a la creation des premieres villes 
iiouvelles de Casablanca, Marrakech, Port Lyautey, 

Safi, Fes. L’omnipresence du reseau viaire etait tres 
forte dans ce modele de planification urbaine lors de 
la fondation des villes nouvelles coloniales. 11 est tout 
simplement devenu ulterieures dam les 
agglomerations marocaines. 

Les effets pervers de lr planificntion technique 

Apres un simple examen rapide des differents 
Schemas Directeurs d’ Amenagement et de 
1’Urbanisine (SDAU) des principales villes 
marocaines on se rend compte que la grille territoriale 
a engendre une ((tradition)) de planification des 
reseaux techniques de transport au Maroc! Cette 
tradition de la planification des transports urbains s’est 
ctenracinee)) d’abord au cours des annees 70-80 dans 
les villes comme Casablanca, Rabat-Sale, Marrakech 
et Fits pour s’etendre ensuite aux autres villes 
moyennes marocaines. Or ce modele est aujourd’hui 
confront6 a sa propre limite. On se rend conipte que 
l’application automatique de la inkme grille territoriale 
comportait au nioins deux risques pour ne pas dire 
effets pervers : d’une part, l’etalement et la 
fragmentation desordonnee des territoires des villes 
niarocaines ; et d’autre part, le rallongement des 
distances qui a entraine et accentue les problemes de 
transit, les deplacements des per sonnes et le transport 
des marchandises dans les plus grandes 
agglomerations marocaines. A ces risques majeures, 
les solutions proposees dam les documents 
d’urbanisine ou les plans de circulation sont encore 
fortenient impregnees par le modele generique. A la 
lecture de la nouvelle generation des documents de 
planification des reseaux de transports, on ne fait que 
reconnaitre l’existaiit auquel on apporte des correctifs 
en ternies de prqjets de rocades concentriques 
interieures ou exterieures, creations de grandes arteres 
semi-circulaires, axes structurants, voies de 
penetration, etc. 

Mobilitk motoriske et enviroiinement urbain 

Deux constats se sont imposes a nous dam l’etude 
de la mobilite motorisee dam les grandes 
agglomerations marocaines depuis Line decennie. 
D’une part, la mobilite motorisee est restee 
exclusivement confinee dans une analyse pur et 
simple du trafic. Souvent confiee a des cabinets 
d’etudes specialises dans l’investigation technico- 
economique sur la circulation en milieu urbain ; ces 
etudes sont trop connues pour 2tre fragmentaires, 
incompletes et sans point d’appui social. En un mot, 
elks sont tout simplement deterritorialisees. D’autre 
part, la mobilite motorisee est aujourd’hui fortement 
associee chez le grand public au Maroc aux deux 
priiicipaux problemes des transports urbains : les 
accidents de circulation et la pollution de l‘air. En 
effet, les grandes agglomerations urbaines 
(Casablanca, Rabat-Sale, Fks et Marrakech) sont 
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tristenieiit celebres coinme des villes pollukes et 
foyers d’un iionibre eleve d’accidents de 
circulation de la route ces dix dernikres annees. 

Des accidents frkquentes en agglomkrations 

AU plan de securite routiere en milieu urbaiii au 
Maroc, le iiombre d’accidents est reste constant et 
relativeiiieiit eleve et ce depuis 1987. En effet, les 
taux globaux relatifs aux accidents de circulation 
en agglomeration oiit coiistaniment depasse les 
70% alors que les accidents en rase canipagne sont 
situes autour de 25%’. Ce taux n’a pas connu de 
decroissance notable pendant uiie decennie 
d’observation (1 987-1997) assuree par la Direction 
des Routes et de la Circulation Routiere. En 1997, 
les accidents se rkpartissent comme suit : 

- 10367 accidents (soit 25.4%) eii rase 
campagiie doiit 1620 cas mortels ; 
- 30415 accidents (soit 74.6%) en 
agglomerations doiit 940 mortels. 

Pourtant plusieurs campagnes de seiisibilisation 
etaient initiees par 1’Etat par le biais du Coinit6 
National de la Prevention des Accidents de la 
circulation ou encore les differentes operations 
de contrbles techniques des vehicules. Car, si 
les accidents en agglomerations sont inoiiis 
meurtries que ceux eii rase campagne, c’est que 
leur nombre eleve est d’abord lie l’etat 
inecanique defectueux des vehicules, au non 
respect du code de la route, au iiiauvais etat du 
reseau viaire etc. Casablanca vieiit eii t2te liste 
du bilan des accidents corporels de la circulation 
routiere et de ses victimes avec 1 1226 accidents. 

Les kmissions pollcrants 

Des 1985, le Programme des Nations Uiiies 
pour 1’Eiivironnement wait  constate que tt la 
pollution atmosplierique ete encore trop neglige 
au Maroc (...)~alors qu’elle trteiid a se 
generaliser da i s  les agglomerations urbaines a 
la suite de l’accroissemeiit des moyens de 
transport (...)))’ Apres cette premikre alerte du 
PNUE, la Strategie Nationale pour la Protection 
de 1’Environnement et le Developpement 
Durable (1 995)’ et Action 30 (1 997)‘ rappelleiit 

’ Royaume du  Maroc, Ministere de I’Equipement 1997. 
Reciteil des stutistic~ues des uccidents corporels de lu 
circiilntiori, Rc‘sitltats 

’ Programme des Nations Unies pour I’Environneinent, 
1985. R L I ~ ~ o I . ~  coricernunt le projet de loi sur /a protectiori et 
lu mise eti vuleiir de I ’  etivironnement uit Muroc, chapitre V : 
L’air, page. 

Royauine du Maroc, Ministere de I’Environnement, 
PNUDiUNESCO : MOR/90/001. Observatoire National de 

’ 

a juste titre les risques persistants des emissions 
polluants lies aux transports urbains et 
specialement a la mobilite motorisee. Precisement. 
ce problkme represeiite uiie importante source de 
degradation de la qualite de l’air. Parfois, daiis 
certaines grandes agglonierations urbaines 
marocaines les effets des polluants contenus dans le 
gaz d’echappement soiit la principal source de 
pollution. C’est le cas de ville de Rabat, capitale du 
Royaume du Maroc doiit la pollution par emissions 
de polluants des vehicules dipasse les normes 
iiiteriiationales. Or les coiits de la degradation de 
l’eiivironnement correspondent a 8.2% du PIB du 
Maroc soit un total de 19.739 dirhams (un dollar 
US est 1’6quivaleiit de 10 dirhams marocains). Le 
coiit de la pollutioii de l’environnenient urbain par 
pollution de l’air est aujourd‘hui place en deuxieme 
(( mauvaise )) positioii apres l’eau et les dechets 
avec 4.500 de dirhams soit 1.9% du PIB du Maroc. 
Ces coiits ne representent qu’une estimation du 
coiit de la degradation due au plomb et aux 
poussieres et les coiits reels soiit siirenieiit plus 
eleves. 

Eclataiite demonstration, s’il en fallait uiie, que 
l’organisation de la mobilite motorisee ne peut 2tre 
reductible a une grille territoriale de planification, 

encore plus aujourd’liui en raisoii de l’etat de mal- 
developpement des villes marocaines. Car, s’il 
convieiidrait de preiidre en compte a la fois 
l’inadaptation du reseau routier et les congestions 
qui en decoulent, les risques eiivironneiiientaux et 
securitaire dans le contexte actuel marocaiii ; la 
gestioii des reseaux techniques urbains est au coeur 
du debat sur le service public et des perspectives du 
developpement durable des agglomkratioiis 
urbaiiies marocaiiies. 

La gestion des rkseairx tecliniques rrrbains 

Dans le present contexte, la gestion des reseaux de 
transports urbaiiis represente desormais uii defi de 
taille pour le defi de taille pour le developpement 
des villes inarocaiiies non seulenieiit au iiiveau 
technique (reseau viaire), mais aussi au niveau 
juridique (pouvoir reglemeiitaire, d’institutioiiiiel), 
socio-economique (public-prive), financier (equite 
de coiits) et, aussi et surtout, eiiviroiinemeiital et 
humain (salubrite de l’air et accidents de la 
circulation). 

I’Environnement au Maroc. 1995. Strutkgie Mrtioriul pour 10 
Protection de I ‘Givironnemen~ et le Dkveloppeinent Dilrubk. 

Royauine du Maroc, Ministere de I’Environnement et 
Ministere de la Sante Publique, 1997. Suntc‘ et envirorinet~ient, 
.ilc[ioii 30 : 30 millions de tmtrocuiris entrent dans le XXI2tm 
s ik le .  
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En effet, confrontis aux problemes lies au 
dilemme des flux, de transports de marcliandises, 
de deplacenients des personnes dans les villes 
niarocaiiies ; les chercheurs experts et opkrateurs 
publics ou prives marocains sont conscients que la 
mobilite quotidieime et plus particulierement la 
mobilite motorisee n’est plus seulement une 
question de planif’ication des transports urbains. La 
maitrise des problemes de mise en oeuvre et de 
gestion des reseaux techniques urbains constituent 
des enjeux majeurs pour les villes marocaines dans 
les annees a venir. Les services collectifs dans les 
plus iniportantes agglomerations marocaines 
(Casablanca, Rabat-Sale, Fks et Marrakech) et plus 
particulierement les transports urbains n’ecliappe 
pas a ce nouveau et difficile processus. 

De plus une sensibilite nouvelle au 
developpement durable, eiitendu comme la 
necessite d’liarmoniser les exigences du progres 
economique Urbain, a oblige et oblige le Maroc a 
ajuster les modes d’intervention dans le domaine 
des transports pour les rendre plus conformes a une 
offre de service adaptee aux coiitextes locaux qui 
prenne en conipte non seulement la satisfaction des 
usagers mais aussi l’ensemble des elements 
constitutifs d’une gestion integree des transports 
urbains en general et de la mobilite niotorisee en 
particulier. 

La solution proposee avec insistance depuis 
quelques annees pour regler du nioins en partie le 
probleme des transports collectifs urbains, c’est 
essentiellement de recourir au secteur prive. Les 
foiidements de cette argumentation reposant sur 
l’idee que les services gerks par le secteur public 
tendent a etre inefficaces et que le secteur prive 
peut, mieux que le secteur public, atteindre des 
objectifs fixes dam les delais prevus. Cependant, 
de notre point de vue, l’extension normative du 
recours au secteur prive conime solution 
universelle pour gerer les transports eii commun est 
aujourd’hui a la limite de ce que le prive peut faire 
faire dans ce doniaine. I1 est tout simplemelit 
atteint par les m h e s  syndromes : vieillissement 
du parc et risques financiers ! 

Conclusion 

poussees en prospective territoriale du developpement. 
En fait, il convient de partir de la demande sociale 
(exprimee par les differents usagers) en identifiant: 1) 
les parametres de la deinande en degageant les grands 
profils d’usagers ;2) les grands modes de transports 
(persoiines et des marchandises), cofit, reseau viaire 
disponible et son etat ;3) les differentes coiitraintes et 
conflits en termes de concurrence entre usagers, 
modes, difficultes urbanistiques, environnement, etc. 
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Face a l’ensemble des problemes de congestion de 
pollution ou d’exclusion lies aux difficultes de 
circulation, le modele generique de la grille territoriale 
a montrk ses liniites et n’apporte plus de reponses 
adaptees. La complexite du phenomene urbain et de la 
mobilite motorisee au Maroc oblige donc a adopter uii 
mode d’analyse plus transversal et de faire des efforts 
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Dkpenses de transport des mknages dans les villes d’Mrique subsaharienne 
Household transport expenditures in cities of Subsaharan Africa 
Casto de transporte de 10s hogares en las ciudades del Africa a1 sur del Sahara 

L. Dim Olvera, D. Plat & F? Pochet 
Laboratoire d’ Econornie des Transports, Lyon, France 

RESUME : Les dkplacements quotidiens entrainent une charge financiere importante mais difficilement 
contournable pour les mknages des villes africaines. Selon les mkthodes d’enquete utiliskes, les estimations 
moyennes des dkpenses-transport des mknages varient de 10 a 20 % de leur budget. Une enquete-mknages 
realisee a Niamey nous fournit des renseignements precis sur les dkpenses de transport. Ces informations 
rnontrent qu’en termes de revenus, de dkpenses pour le transport et d’acces aux vkhicules, les inegalitks sont 
criantes. La mobilitk dans les menages les plus pauvres, captifs des transports collectifs, reprksente 20 % de 
leur revenu en moyenne. Ces resultats constituent, dans le cadre des politiques de transport urbain, des 
klkments de connaissance de la capacitk limitke des wagers a payer. 11s rkvklent aussi des perspectives d’ordre 
niethodologique sur le recueil des donnkes. 

ABSTRACT: Travel expenditure is indeed significant but it is a virtually unavoidable expenditure for the 
African city-dwellers. Depending on the survey methodology, the usually average estimates are 10 to 20% of 
the household budget. A household survey carried out in Niamey provides specific data on transport expenses. 
This information shows considerable disparities between households in terms of income, travel expenditure, 
and motorization level. For the poorest households, reliant on public transport, daily mobility represents 20% 
of their income in the average. These results constitute a better knowledge of the limited affordability of 
public transport services for users and they also raise methodological perspectives concerning data collection. 

RESUMEN: El gasto en transporte es una carga que 10s hogares pueden dificilmente evitar y las estimaciones 
proporcionan valores medios de 10 a 20% del ingreso del hogar. Una encuesta en 10s hogares realizada en 
Niamey proporciona informacion detallada sobre el gasto en transporte. Estos datos muestran que existen 
marcadas desigualdades entre hogares en cuanto a1 ingreso, el gasto en transporte y la motorizacion. En 10s 
hogares mas pobres, cautivos del transporte publico, la movilidad representa 20% del ingreso en promedio. 
Estos resultados contribuyen a un mejor conocimento de la capacidad financiera limitada de 10s usuarios del 
transporte publico y ponen de manifiesto algunas perspectivas metodologicas sobre la colecta de datos. 

1 INTRODUCTION 

Le transport des personnes est une activitk 
intermkdiaire permettant la rkalisation d’autres 
activitks kconomiques et sociales. Dans l’ordre des 
prkoccupations des mknages, il est supplant6 par des 
necessitks premikres que sont l’alimentation et le 
logement. Nkanmoins, compte tenu des distances a 
parcourir quotidiennement, il prksente la 
particularitk d’etre difficilement substituable et 
reprksente une charge financiere incontournable pour 
les menages. Alors que la crise kconomique touche 

tout particulikrement les pays afiicains et se traduit 
par une chute sensible du niveau de vie, pourtant 
dkja tres faible, des populations urbaines, les 
mknages sont contraints de s’adapter aux nouvelles 
conditions kconomiques et mettent en axvre des 
stratkgies de rkduction des coQts (Godard & al., 
1996 ; Malou, 1996 ; Dillk, 1998) : augmentation 
des dkplacements pkdestres au dktriment des 
dkplacements motorisks, suppression des 
dkplacements non contraints, apparition de nouvelles 
formes de transport, etc. 

Dans un tel contexte, il apparait de plus en plus 

71 7 



nkcessaire, pour mener a bien une politique de 
transport urbain efficace et kquitable, de mieux 
connaitre la demande exprimke et la place du 
transport dans le budget des menages, et pour cela de 
produire des donnkes coherentes sur les conditions 
de dkplacement des citadins et les dkpenses 
engendrees par ces dkplacements. En effet, les 
informations disponibles sur les montants dkpensks 
en transport par les menages restent assez floues et 
montrent des disparitks importantes. 

L’objectif de cette communication est alors 
d’kvaluer le poids des dkpenses en transport des 
mknages dans une capitale africaine, Niamey, pour 
laquelle nous disposons d’une enquete-mknages 
rkcente. Dans un premier temps, un bref survol 
bibliographique sur les dkpenses transport des 
mknages pennet de mettre en kvidence la variabilitk 
des estimations moyennes et la diversitk des 
mkthodologies utiliskes. Puis, nous vkrifions la 
soliditk de nos donnkes et examinons ensuite la 
situation des mknages niamkens. En conclusion, 
nous revenons sur les principaux enseignements de 
l’ktude, tant en termes de rksultats qu’au plan 
mkthodologique. 

2 ELEMENTS BIBLIOGRAPHIQUES 

Les sources bibliographiques prksentkes montrent 
que l’analyse des dkpenses en transport des mknages 
s’organise autour de deux approches mkthodo- 
logiques diffkrentes. 

La premikre les renvoie a l’ensemble des dkpenses 
du mknage et repose sur des informations recueillies 
lors d’enquetes-consommation realisees le plus 
souvent au niveau national. Compte tenu des 
difficultks d’kvaluation des revenus (notamment les 
revenus issus d’activitks agricoles) dans les pays 
pauvres, ces enquetes globales apprkhendent le 
budget des mknages a partir de l’ensemble des 
dkpenses rkaliskes au cows d’une pkriode donnke 
(Deaton, 1997). 

La seconde mkthode les compare au revenu du 
mknage obtenu a l’occasion d’enquetes-mknages sur 
les dkplacements, et leur portee gkographique est 
donc limitke a une ville donnke. Meme si I’enquete 
est rkduite au milieu urbain, l’estimation du revenu 
soulkve certaines di fficultks, que les individus ne 
puissent ou ne veuillent pas l’evaluer, voire que 
certains postes (les transferts d’argent, les rentes ...) 
soient omis. Les estimations du poids des dkpenses 
en transport fournies par ces deux types de mkthode 
divergent assez sensiblement. 

2.1 Le poids variable du transport duns les de‘penses 
des me‘nuges 

A notre connaissance, un certain nombre 
d’estimations sont disponibles a partir d’enquetes- 

consommation rkaliskes notamment dans les grandes 
villes d’Afhque de l’ouest. Les donnkes sont plutbt 
rkcentes et certaines ont ktk produites aprks 
dkvaluation du franc CFA en 1994 (Tableau 1). 

Un premier a p e r p  montre une forte variabilitk 
temporelle et spatiale de la part des dkpenses 
transport dans l’ensemble, de 6 % a Yaoundk en 
1978 a 17 %, toujours a Yaoundk, mais en 1993. 

L’evolution temporelle de ce taux ne peut 
toutefois etre retracee que pour les deux villes 
camerounaises. En 15 ans, la part du transport a 
Yaoundk aurait ktk multiplike par 2’8, 
l’augmentation la plus importante ayant eu lieu entre 
1978 et 1984 (coefficient multiplicateur de 2,l). 
Pour cette meme pkriode, l’augmentation est 
beaucoup plus faible a Douala, avec un coefficient 
multiplicateur de 1,4. I1 est toutefois difficile d’aller 
au del& de ce constat et d’expliquer les raisons d’une 
telle croissance du poids des transports. 

La variabilitk spatiale peut etre apprkcike en se 
limitant aux annkes 90. Trois groupes de villes 
apparaissent ainsi. C’est a Dakar que la part du 
transport est la plus faible, de l’ordre de 7 %. Le 
deuxieme groupe correspond a Abidjan, Lomk, 
Ouagadougou et Dar es Salaam, avec une part 
variant entre 9 %O et 13 %o. Enfin, avec prks de 17%, 
Yaoundk prksente le taux le plus klevk. Cette 
dernikre valeur peut etre rapprochke des rksultats 
d’une enquete ponctuelle a Lagos aupres d’usagers 
des transports collectifs (Sethi & Bhandari, 1996) et 
qui situe la part du transport a 23 % des dkpenses 
totales, derriere l’alimentation (36 %) mais devant le 
logement (21 %). I1 s’agit toutefois d’une population 
trks spkcifique qui comprend 85 % de pauvres alors 
qu’ils ne sont que 3 0 %  dans I’ensemble de la 
population. 

Cette forte variabilitk des estimations, tant dans le 
temps que dans I’espace, parait difficile a expliquer. 
Elle relkve pour partie de diffkrences 
mkthodologiques : ainsi, a Yaoundk, la rubrique 
Transport inclut kgalement les Communications, ce 
qui tend a la surkvaluer. Mais elle renvoie aussi 
probablement d’autres facteurs que les donnkes 
disponibles ne permettent pas d’exhiber. Si 1’011 
exclut les valeurs extremes, c’est une fourchette de 
9 % a 15 % qui semble se dkgager. A titre de 
comparaison, le logement, y compris l’klectricitk et 
l’eau, reprksente de 15 a 20 % des dkpenses des 
mknages en Afrique (Arnaud, 1998). 

2.2 Le poids e‘leve‘ des de‘penses transport duns le 
revenu des me‘nuges 

Les analyses s’appuyant sur la prise en compte du 
revenu des mknages sont par contre plus rares et plus 
anciennes, en ce qui concerne 1’Afrique tout au 
moins. Ainsi, selon les enquetes rkaliskes par le TRL 
dans les annkes 80 (Maunder & Fouracre, 1987), les 
menages de Jos dkpensaient 13 % de leur revenu en 
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Tableau 1 : Part des depenses transport dans le budget des menages 

Ville Date Part du Source 

Abidjan 1996 1 l,o Indicateurs transport SITRASS 
Bamako 1985-86 15,l Enqutte sur les dtpenses des mtnages 
Dakar 1994-95 6 3  Enq. Stntgalaise auprks des Mtnages 
Dar es Salaam 1993 991 Enqutte HRDS 
Douala 1978 8,O Enqutte Maetur 

Lomi: 1996 13,O Indicateurs transport SITRASS 
Ouagadougou 1996 13,O Indicateurs transport SITRASS 
Yaoundt 1978 691 EnquEte MAETUR 

transport (“A) 

1983-84 10,9 Enqutte budget consommation 

1983-84 12,7 Enqutte budget consommation 
1993 16,8 Enqutte consommation DscdDial 

transport et ceux de Dar es Salaam 16 %. A Abidjan, 
a la fin des annkes 80, les depenses en transport 
collectif etaient estimkes a 9 % du revenu moyen et 
13 % du revenu median, mais approchaient les 20 % 
pour les mknages pauvres (Godard & Teurnier, 
1992). A Ouagadougou, ville ou la possession de 
deux-roues moteur est trks repandue, le transport 
representait 20 % du revenu des menages en 1992, 
mais (( seulement )) 18 % pour le cinquikme des 
menages les plus aises et jusqu’a 25 % pour les 
menages du premier quintile (Diaz Olvera & al., 
1999b). 

Une enquete realisee recemment a Dakar auprks 
d’une centaine d’actifs pauvres montre que 55 % 
depensent moins de 10 % de leur revenu individuel 
pour les dkplacements lies a leur activite 
professionnelle regulikre, les trois quarts dkpensant 
moins de 20 % (Godard & al., 1996). Ces valeurs 
semblent peu Clevkes niais elles ne sont que des 
minima et il faudrait leur ajouter les depenses likes 
aux dkplacements non professionnels ainsi que les 
deplacements sans coQt pour l’enquetk, soit parce 
qu’ils sont effectivement gratuits (dkbrouille, 
connaissance du personnel des vehicules de transport 
collectif...), soit parce que les frais correspondants 
sont pris en charge par des tiers. 

Ces differentes Ctudes sont donc plus difficilement 
comparables mais elles laissent entrevoir un poids 
du transport dans le revenu du menage aux alentours 
de 15 a 20 %, dans une fourchette plus klevke 
qu’avec la mkthode prkcedente. 

Ce bref reperage bibliographique montre tout 
d’abord le manque d’informations disponibles et 
comparables, soit du fait de mkthodologies 
divergentes, soit faute de reperage des spkcificitks de 
chaque terrain. Si la premikre approche permet un 
cadrage plus global des depenses et rend mieux 
compte d’arbitrages entre le transport et d’autres 
postes de depenses, la seconde fournit par contre une 
estimation plus fine du coat des deplacements et 
permet de le refkrer aux pratiques observees de 
mobilitk quotidienne des citadins. 
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3 LES DEPENSES DES MENAGES POUR LE 
TRANSPORT A NIAMEY 

A Niamey, selon les donnees recueillies a l’occasion 
d’une enquete-mknages sur la mobilitk conduite fin 
1996 auprks de 757 mknages (Diaz Olvera & al., 
1999a), la part des depenses transport dans le revenu 
moyen s’eleve a 18 %. Si ce chiffre parait cohkrent 
avec les estimations fournies par la littkrature, il 
cache toutefois des disparitks importantes entre 
mknages. Avant d’en presenter certaines, nous 
revenons sur la mkthode de calcul. 

3.1. Mkthodologie de recueil et qualite‘ des dorzne‘es 

Les informations concernant les revenus et les 
dkpenses en transport ont kte recueillies directement 
auprks de chacun des enquetes. Les revenus des 
personnes rksultent des declarations des enquetes 
concernant leur activite professionnelle ou scolaire 
ainsi que leur retraite, le revenu du menage etant 
ensuite reconstitue a partir des declarations 
individuelles. I1 peut alors etre sous-estime, en 
particulier du fait de l’omission possible de certaines 
ressources (transferts provenant de l’exterieur du 
menage ...). En ce qui concerne les depenses, chaque 
individu devait signaler dans un premier temps, pour 
les vehicules individuels a disposition, le coQt 
mensuel en carburant puis les coQts aniiuels liks 
d’une part a son entretien et a sa reparation et d’autre 
part a l’assurance et a la vignette. Dans un second 
temps, il lui etait demand6 ses depenses hebdo- 
madaires en transport collectif, en cherchant a 
separer taxi collectif et bus. Une fois ces differentes 
donnees disponibles, il est possible de calculer un 
coQt mensuel de la mobilitk, soit totale, soit par 
mode, tant au niveau de l’individu que du menage, et 
de le mettre en regard du revenu. 

Mais, parce qu’il fait appel a la memoire et qu’il 
demande le calcul de dkpenses moyennes, un tel 
recueil n’est pas sans risques de biais. Pour tenter de 
les limiter, now avons cherchk dans un premier 
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temps a tester la vraisemblance de ces evaluations, 
en les referant non seulement a la mobilite de la 
veille mais aussi aux declarations concemant 
l’ensemble des activitts pratiquees hors du domicile 
la semaine prkcedente. Puis nous avons compare les 
donnees sur les depenses aux informations foumies 
par le recueil des deplacements de la veille, selon 
deux approches. 

Une premiere approche de la compatibilite des 
donnees peut etre fournie en observant le 
pourcentage des individus declarant, pour un mode 
dome, une depense nulle, mais ayant utilise ce mode 
la veille (en tant que conducteur dans le cas des 
vehicules individuels). Ce taux est de l’ordre de 1 % 
pour les modes individuels mais atteint pres de 5 % 
pour les transports collectifs. A l’inverse, le taux 
d’individus ayant declare une depense sans avoir 
utilise le mode est kgalement de l’ordre de 1 % pour 
les modes individuels et bondit a pres de 50 % pour 
les transports collectifs. I1 y a 18, au dela d’une plus 
ou moins bonne prkcision des depenses concernant 
les transports collectifs, l’effet d’un usage plus 
intensif des modes individuels des lors qu’on y a 
acces tandis qu’a contrario l’usage des transports 
collectifs, pour une part importante de la population, 
reste beaucoup plus fluctuant et demeure lie a la 
disponibilite monetaire immediate, a la capacite de 
debourser dans l’instant le prix du voyage. 

Une seconde approche a repose sur une regression 
linkaire de la depense en fonction du nombre de 
deplacements en semaine, pour chaque mode (la 
encore, en tant que conducteur pour les modes 
individuels). Le coefficient de correlation lineaire est 
maximum pour les modes motorises (0’56 pour la 
voiture, 0’57 pour les deux-roues a moteur), pour 
lesquels le coQt du carburant est directement lie au 
nombre de deplacements, et tres faible pour la 
bicyclette (0,23), pour laquelle les depenses directes 
likes a un deplacement sont nulles. I1 est egalement 
minime pour les transports collectifs (0,3 l), bien que 
le coQt du deplacement soit immediat. On retrouve 18 
encore le signe d’un usage plus irregulier des 
transports collectifs qui complique l’evaluation par 
l’individu de la depense moyenne correspondante. 

Ces comparaisons montrent donc une meilleure 
compatibilite des informations lorsqu’elles concer- 
nent les vehicules individuels que lorsqu’elles ont 
trait aux transports collectifs. En particulier, l’usage 
de ceux-ci mesure a travers les depenses est peut-etre 
legerement surevalue, d’autant que le partage entre 
taxi et bus apparait parfois peu fiable. Aussi ne 
presenterons-nous pas, par la suite, de 
decomposition des dkpenses en transports collectifs 
par mode. 

tres nettes concentrations, comme le montre la forte 
convexit6 de la courbe de Lorenz des revenus 
comme des courbes de dkpenses-transport des 
menages correspondantes. On vkrifie tout d’abord 
que les revenus sont tres inegalement repartis entre 
les foyers niameens (Graphique 1). La moitie la plus 
pauvre des menages se partage 1 4 %  des revenus, 
alors que le cinquieme le plus riche dispose de 57 % 
des ressources totales. 

En reprenant le meme ordonnancement des 
menages, la representation de leurs depenses pour le 
transport montre que celles-ci apparaissent reparties 
de faqon legkrement moins inkgale que les revenus. 
Cependant, cette courbe de dkpenses totales cache 
des usages tres differencies des modes individuels et 
collectifs, resultat coherent avec la rarete de 
l’equipement en vkhicules motorises. 

Les depenses pour les modes individuels sont en 
effet bien plus inkgalement reparties que les revenus. 
Les 50 % de menages les plus pauvres ne comptent 
que pour 6 % de l’ensemble des dkpenses en trans- 
port individuel, contre 66 % pour le dernier quintile 
de revenus, et meme 47 % pour le demier decile. 

A l’inverse, les transports collectifs engendrent 
des dkpenses qui se repartissent de faqon nettement 
moins inegalitaire au sein de la population. La 
courbe est parallkle a la droite d’equirepartition pour 
les revenus, 21 l’exception des revenus extremes. Les 
inkgalit& concement donc ici surtout les revenus 
extremes (1“ et SBme quintiles). Les 50 % de menages 
les plus pauvres realisent 34 % des depenses totales 
en transports collectifs, soit la meme part que les 
2 0 %  les plus riches. En pourcentage du revenu 
disponible, les menages pauvres depensent donc plus 
que les menages plus aises. Cette repartition 
relativement homogene des depenses en transport 
collectif au sein de la population rappelle le fait que 
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3.2. Des dkpenses ilevkes pour le transport.. . 

La mise en perspective des revenus et des dkpenses 
des menages pour le transport met en evidence de 

Graphique 1 : Courbe de Lorenz des revenus 
et part cumulee des depenses des menages 

pour le transport a Niamey 
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les mknages non motorises, soit la plus grande partie 
de la population, sont trks majoritairement captifs 
des transports en commun. En particulier, lorsque 
l’on habite en pkriphkrie, lot commun d’une bonne 
partie des menages pauvres, les distances rendent 
indispensable I’usage des transports collectifs dks 
lors que l’on doit se rendre en ville (Diaz Olvera & 
al., 1999~). 

Si l’on raisonne en niveau absolu de dkpenses et 
non plus en part du revenu, ce sont les menages aisks 
qui depensent le plus pour les transports collectifs, et 
ce meme si I’on ramkne cette dkpense 6 une taille de 
mknage lkgkrement plus klevke (Tableau 2). 
L’aisance kconomique du mknage s’exprime a la fois 
par des possibilitks importantes d’acces aux modes 
individuels pour le ou les actifs, mais aussi par de 
plus grandes facilitks d’usage des transports 
collectifs pour les autres membres du menage. A 
l’opposk sur l’kchelle des revenus, les mknages du 
premier quintile se caractkrisent a la fois par de 
faible dkpenses en niveaux absolus, mais aussi par le 
pourcentage Cleve des revenus que cette dkpense 
occasionne. 

3.3. ... et de faibles taux d’iquipement 

La forte concentration des dkpenses en modes 
individuels reflkte le fait que l’kquipement en 
vehicules motorisks apparait, sinon totalement 
inaccessible, tout au moins tres limit6 pour les 60 % 
des mknages les plus pauvres (Graphique 2). 
L’kquipement croit de faqon mkcanique avec le 
revenu, mais ne devient la norme que dans les deux 
derniers quintiles de la population. 

La rarete de l’kquipement en vkhicules se 
comprend aiskment si l’on prkcise que le coat 
mensuel moyen d’usage (hors cotits d’acquisition) 
d’une voiture a Niamey est de I’ordre de 
46 000 FCFA, soit une valeur kgale ou supkrieure a la 
moitik du revenu mensuel de plus de 60 % des 
mknages. Le coat mensuel d’usage d’un deux-roues 
moteur, 12 600 FCFA, montre que ce mode est dkja 
nettement plus abordable que la voiture. Toutefois le 

Tableau 2 : Dkpenses en transports collectifs par 
quintile (‘30 des dkpenses et montant en FCFA) 

Quintiles Taille ‘%o des Montant 
(milliers de moyenne dipenses pour les TC 
FCFA) des minages* Dour les TC 
Q1 <=25 4,8 (2,6) 97 4 200 
~2 125,501 5,9 (3’2) 83 7 400 
Q3 150, 901 6,O ( 3 3 )  73 9 700 
4 4  190, 1601 6’1 (33) 47 10 900 
0 5  >I60 6.5 (3.7) 33 17 100 
Tous revenus 5,9 (3,3) 48 9 700 

* entre parentheses : nombre d’individus de plus de 13 ans 

Graphique 2 : Equipement des menages en vehicules 
selon les quintiles de revenus 

deux-roues moteur demeure d’un cotit deux fois 
superieur aux dkpenses mensuelles moyennes pour 
les transports collectifs dkclarkes par les individus 
les ayant utilisks la veille (6 400 FCFA mensuel, soit 
l’kquivalent de 2 1 allers-retours mensuels en taxi 
collectif, ou de 32 allers-retours en bus de la SNTN). 

Bien que moins cotiteux que les vkhicules 
motorisks individuels, les transports collectifs 
demeurent une charge importante pour les mknages 
aux faibles revenus, puisqu’ils reprksentent en 
moyenne 19 a 20 % du revenu des mknages des deux 
premiers quintiles. 

De tous les modes de transport mecanisks, la 
bicyclette demeure de loin le moins coilteux a 
l’usage (500 FCFA d’entretien mensuel dkclark en 
moyenne), meme si l’on peut penser que son coat 
d’achat, de l’ordre de deux fois le salaire mkdian, 
constitue un obstacle financier pour une partie de la 
population. 

4 CONCLUSION 

Les analyses prksentkes ici, meme si elles ne sont 
encore qu’kbauchkes, pennettent de tirer quelques 
enseignements concernant le poids du transport dans 
le budget des mknages. Le cadrage bibliographique a 
montrk les lacunes des donnkes disponibles, qu’il 
s’agisse d’expliquer des kcarts notables entre villes 
ou d’exhiber un suivi temporel rigoureux. Elles 
dksignent d’abord des divergences methodologiques 
dans la production et l’analyse des donnkes mais 
decoulent aussi du manque rkcurrent de donnkes 
dans les pays en developpement. Un tel problkme a 
tendance non seulement a se perenniser mais aussi a 
s’accentuer du fait de la reduction des financements 
internationaux pour la production de donnkes. Cette 
situation est d’ailleurs confirmke par le retard pris 
dans plusieurs pays pour la rkalisation des 
recensements de population, par le manque de 
continuitk des enquetes-consommation et, plus 
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specifiquement dans le domaine du transport urbain, 
par la rarete des enquEtes-menages sur la mobilitk. 

Pourtant, malgrk certaines difficult& d’apprehen- 
sion des aspects financiers, des enquEtes aupres des 
menages recueillant simultankment la mobilite de la 
veille et les depenses permettent de produire des 
donnkes coherentes sur le niveau et les cofits de la 
mobilite. Ces donnees pourraient toutefois utilement 
Etre complttees par le recueil du coat d’achat des 
vthicules et des autres principaux postes de depenses 
des menages mais aussi par des questions 
specifiques sur les strategies developpees par les 
menages et les individus pour limiter les depenses en 
transport. De meme, la prise en compte des revenus 
pourrait Etre affinee en integrant d’kventuels 
transferts entre menages. De tels complements 
amklioreraient la prkcision des mesures, sans trop 
alourdir le coat des enquktes. 

A travers l’exemple de Niamey, une analyse 
desagrkgee par niveaux de revenu du mknage montre 
que les inkgalitks structurelles entre menages vis-8- 
vis des dkplacements quotidiens sont tres fortes. 
Elles reposent d’abord sur les cofits d’usage tres 
Cleves des modes individuels motorises. Mais 
l’kquipement en vkhicules apparaissant inaccessible 
pour la plupart des menages, les transports collectifs 
constituent la seule alternative aux longs depla- 
cements pied pour une majorite de menages 
niameens. Cette alternative represente toutefois un 
coat difficilement supportable pour les plus pauvres 
qui les amene a restreindre leur mobilite et, par voie 
de conskquence, limite leurs possibilites d’une rkelle 
integration economique et sociale a la ville. 

approfondir, qu’il s‘agisse 
de prendre en compte d’autres caracteristiques des 
menages ou de mettre en evidence des disparitks 
inter-individuelles. Elles demandent aussi a Etre 
prolongkes a d’autres villes pour deboucher sur 
l’elaboration d’outils permettant une meilleure prise 
en compte du caractere progressif ou regressif des 
politiques de transport urbain dans les pays en 
developpement . 

Ces analyses restent 
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Etalement urbain et mobilit6 a Niamey 
Urban sprawl and daily mobility - Case study from Niamey 
Expansion urbana y movilidad en Niamey 

L. Diaz Olvera, D. Plat & P Pochet 
Laboratoire d’Economie des Transports, Lyon, France 

RESUME : Dans les grandes villes d’ Afi-ique subsaharienne connaissant une croissance demographique et 
spatiale tres importante, les extensions urbaines (( spontankes )) et les (( villages )) suburbains constituent 
generalement le point de chute des citadins les plus dkfavorisks, dont les conditions de deplacement sont 
particulierement difficiles. A l’aide d’une enquete-menages aupres de 2732 habitants a Niamey, nous 
analysons leurs conditions de residence, leurs caractkristiques sociales et l’usage qu’ils ont de l’espace urbain. 
Les rksultats rappellent que, dans l’accks a la ville, le revenu individuel apparait bien plus determinant que le 
lieu de residence. Mais ils montrent aussi que pour les pauvres le manque de moyens est renforck par le fait de 
resider en quartiers periphkriques a la fois sous-equip& et peu accessibles. 

ABSTRACT: In large Sub-Saharan cities, with high rates of demographic growth and urban sprawl, 
unplanned settlements and suburban (( villages D generally constitute the areas accommodating the most 
underprivileged urban dwellers, whose daily mobility conditions are particularly difficult. Data from a 
household survey carried out in Niamey on a sample of 2732 individuals make it possible to analyze their 
housing and social characteristics, and the way they use the urban space. Results show that personal income is 
a more determinant factor of accessibility to the city than home location, but for the urban poor (( lack of 
means )) effects are reinforced by home location in peripheral areas, usually both under provided in urban 
services and with low accessibility. 

RESUMEN: En las principales ciudades del Africa a1 sur del Sahara, con gran crecimiento demografico y 
espacial, las areas perifericas sin urbanizar y 10s pueblos aledafios son 10s lugares en donde generalmente 
viven 10s habitantes mas desfavorecidos, cuyas condiciones de transporte son bastante dificiles. Una encuesta 
en 10s hogares, aplicada a 2732 habitantes de Niamey, permite analizar sus condiciones de vivienda, sus 
caracteristicas sociales y como ((usan)) el espacio urbano. Los resultados muestran que para la c<utilizaci6n)) de 
la ciudad, el ingreso individual es mas determinante que el lugar de residencia per0 para 10s pobres, 10s 
efectos de la falta de recursos economicos son agudizados por la localizacion de la vivienda en zonas 
perifericas, sin dotacion de servicios y con poca accesibilidad. 

1 INTRODUCTION 

Dans les grandes villes d’ Afrique subsaharienne, la 
forte croissance dkmographique et d’importants flux 
migratoires issus des campagnes ou des villes 
secondaires se conjuguent depuis les annees 60 pour 
produire une extension spatiale rapide et 
dksordonnke reposant sur l’habitat individuel. 

Niamey, capitale administrative et economique du 
Niger, est ainsi passee de 30 000 habitants environ 
en 1960 (Bernus 1969) a 600 000 environ 
aujourd’hui. La jeunesse de sa population - pres de 
la moitie a moins de 15 ans (Ritp. du Niger 1994) - 
est un autre signe de son dynamisme demo- 

graphique. Pour heberger les nouveaux citadins, les 
parcelles loties, en nombre tres insuffisant, se sont 
aussi avkrees d’un prix trop elevk pour les couches 
populaires, entrainant l’kviction de la majorite de la 
population urbaine (Poitou 1984). En rCponse, 
l’auto-production de logements peripheriques s’est 
dkveloppee depuis les annkes 70. Mais, faute de 
rnoyens, ces concessions ont kte construites le plus 
souvent base de matkriaux prkcaires conime la 
terre sechke (banco) ou la paille et sont souvent 
situkes a l’ecart des reseaux d’eau, d’assai- 
nissement ... Les constructions non loties se sont 
principalement installees sur des espaces vierges, 
avec de nombreuses ruptures de continuitk au niveau 
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du biiti qui tendent a renforcer l’isolement de 
certains quartiers. Mais elles ont aussi aliment6 la 
croissance d’anciens noyaux villageois aujourd’hui 
absorbks par la ville. Actuellement, Niamey s’ktire 
sur pres de 20 km de long et sur 15 km de large. 

Cette explosion spatiale de la ville ne s’est pas 
accompagnke d’un developpement des infra- 
structures urbaines a sa mesure. De fagon sympto- 
rnatique, les extensions urbaines sur la rive droite du 
fleuve ne sont toujours rattachees au reste de 
l’ensemble urbain que par un unique pont. Plus 
gentralement, les zones peripheriques restent 
marqukes par la rarete des equipements de quartier et 
par une mauvaise qualitk de la voirie. L’acces a la 
ville des populations vivant en pkripherie est encore 
limite par les carences de l’offre de transport 
collectif, assuree par une entreprise publique, la 
SNTN (Socikte Nationale des Transports Nigeriens), 
et un ensemble d’opkrateurs privks. 

Fin 1996, la SNTN dessert Niamey avec une 
trentaine d’autobus sur un reseau d’environ 190 km 
et de 16 lignes. L’offie est d’autant plus limitee que 
certains bus sont, aux heures de pointe, rkserves aux 
fonctionnaires. L’activite se retrouve tres deficitaire, 
1’Etat ne compensant que tres imparfaitement les 
missions de service public qu’il impose. 

Du fait des faiblesses du service public tant en 
tennes de frequence que de couverture spatiale, les 
taxis collectifs opkrant sur des lignes regulihes, en 
viennent a foumir la plus grande partie de l’offre. 11s 
sont completes par des taxis suburbains, les talladjk- 
talladje‘, transportant personnes et marchandises 
entre le centre de Niamey et certaines peripheries. 
Pour les destinations eloignkes, a la desserte routiere 
degradke ou moins rentables, l’offre de transport 
prive se rarkfie et les tarifs augmentent. La course en 
taxi collectif cofite 150 FCFA (1,50 FF) et jusqu’a 
300 FCFA pour les i( villages peripheriques )) (contre 
100 FCFA pour les bus SNTN), tarifs a rapporter a un 
revenu median par actif de l’ordre de 35 000 FCFA. 

Le secteur artisanal apporte donc un complement 
indispensable au secteur public, sans toutefois 
pouvoir assurer sur l’ensemble de la ville une 
desserte satisfaisante, en quantite et en qualite. La 
mauvaise qualitk de service et les tarifs Clevks 
amenent les usagers a privilkgier les dtplacements 
indispensables. Les trajets domicile-travail ou etude 
comptent pour plus de la moitie de la clientele des 
transports collectifs en semaine alors qu’ils ne 
representent au total qu’un deplacement sur trois. 

Une enqucte realiske en 1996 aupres de 757 
mtnages niameens et 2732 individus de plus de 13 
ans, a recueilli (notamment) les caracteristiques de 
leur mobilite de la veille du jour d’enquete (Diaz 
Olvera et al. 1999a). Elle permet d’analyser les 
conskquences de ce contexte degrade sur la mobilitk 
des citadins, et notamment des citadins residant dans 
les peripheries eloigntes et peu accessibles. 

2 HABITER AU CENTRE, HABITER EN 
PERIPHERIE 

Pour mettre en evidence l’influence du contexte 
spatial sur la mobilite, les lieux de residence des 
mknages enquetes ont et6 regroupes en cinq grandes 
zones correspondant a des distances au centre et a 
des formes d’habitat distinctes (Figure 1) : 
1. les quartiers centraux ; 
2. les quartiers lotis de lere pkripherie ; 
3. les quartiers lotis de 2eme periphkrie ; 
4. les quartiers non lotis de 26me peripherie ; 
5 .  les (( villages o, situks en 2eme pkripherie et qui 

ont et6 rattrap& par l’urbanisation. 

Figure 2. Equipement des minages en vChicules 
par type de quartier 

724 



Tableau 1. Caractkristiques socio-konomiques des mCnages et des individus et de l’habitat, par type de quartier 

Centre PCriph. 1 PCriph. 2 PCriph. 2 Villages 
lotie lotie non lotie (PCriph. 2) 

% d’enfants scolarisCs (14-24 ans) 68 62 73 58 52 
% d’actifs dans la fonction publique 27 29 35 24 18 
% d’actifs non-salariks 49 46 48 62 68 
Revenu mensuel des mCnages (FCFA) 93500 158000 141000 76000 58500 
% de logements en banco ou paille 54 28 22 71 83 
% en dur, semi-dur ou de villas 46 72 78 29 17 
% de logements avec l’eau 57 63 77 22 29 
% de logements avec I’ClectricitC 81 65 78 36 44 

Ces zones presentent des profils socio-kconomiques 
differencies. Les quariiers lotis se detachent 
largement du lot, tant par les revenus (Tableau 1)’ 
que par des taux d’acces aux reseaux d’eau et 
d’electricite, de confort du logement et d’equipement 
en moyens de transport (Figure 2) nettement 
superieurs a la moyenne. A l’inverse, les quartiers 
non lotis et les ((villages )) se caractkrisent par la 
pauvrete et la prkcarite des conditions de logement. 
Entre ces deux extremes, les quartiers centraux se 
rapprochent plut6t des zones les plus defavorisees du 
point de vue des caracteristiques socio-economiques 
des residents, et des zones loties du point de vue de 
leur accks aux equipements et aux reseaux urbains. 

3 MOBILITES DE VILLE, MOBILITES DE 
QUARTIER 

L’offre limitee de transports collectifs et les faibles 
taux d’equipement des menages en vehicules 
expliquent que la mobilite des Niameens, 4,4 
deplacements par jour de semaine en moyenne, 
repose essentiellement sur la marche a pied (68% 
des deplacements). Cette mobilite effectuee a pied 
est d’abord une mobilite de proximitt : 46% des 
dkplacements pkdestres ne dkpassent pas 5 
minutes, 65% n’exckdent pas 10 minutes. Limit6 
aux seuls deplacements mecanises, le niveau de 
mobilitk moyen tombe a 1,4 deplacement par 
personne. Compte tenu de la mobilite elevee des 
personnes motorisees, un jour dome de semaine, 
60% des Niameens de plus de 13 ans n’utilisent 
aucun mode mkcanise. Ces chiffres situent Niamey 
B proximite de Bamako (1’2 deplacement) mais 
trks loin de Ouagadougou qui connait un niveau 
exceptionnel de 2’8 deplacements mecanisis du 
fait notamment de taux d’equipement elevks en 
deux-roues, motorises ou non (Diaz Olvera et al. 
1998a). 

L’usage des modes motorises serait d’ailleurs 
stagnant a Niamey depuis une dizaine d’annees, 
comme l’indique le point de repere fourni par 
l’enquete-menages realisee par le BCEOM en 1985 

aupres de 694 menages et 2551 individus de plus 
de 6 ails (BCEOM 1986). Certes, du fait de 
differences dans l’echantillonnage et le recueil de 
la mobilitk, le rapprochement des deux enquetes ne 
permet pas un diagnostic trks precis, mais il semble 
tout de m6me que le niveau individuel de mobilite 
mecanisee a plut6t eu tendance a diminuer (1,3 
deplacements en 1985 et 1,l en 1996 a population 
comparable). Les deplacements motorisks au 
moyen de vehicules individuels (voiture ou deux- 
roues h moteur) tendent a decliner au profit des 
transports collectifs (Figure 3). 

Une telle evolution est coherente avec l’erosion 
de la motorisation. 50% des menages ttaient non 
motorises en 1985, ils sont 58% en 1996, alors 
meme que la taille des menages s’est lkgkrement 
accrue. Ce tassement de la motorisation a aussi et6 
observe 4 Abidjan du fait de la crise kconomique 
des annees 80 (Godard & Teurnier 1992). Une telle 
evolution traduit les difficult& quotidiennes 
grandissantes des citadins. Elle accentue encore les 
effets de la crise, en limitant la capacitk sortir du 

1996 : Hors deplacements a pied de 10 minutes et moins, 
integration des 7-13 ans (23% de la population totale), dont 
on suppose qu’ils realisent 1,8 deplacement a pied de plus de 

Figure 3. Rtpartition modale en 1985 et 1996 
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quartier ou en accroissant la penibilitk de telles 
sorties. 

Ce repli sur le quartier ne touche pas kgalement 
riches et pauvres, citadins du centre et des 
peripheries. Une partition des individus entre 
pauvres et riches a et6 effectuee en fonction de 
l’activite professionnelle et du niveau d’etudes 
individuels ainsi que du type de logement occupC 
par le menage. La methodologie retenue est la 
mEme que celle utilisee pour Bamako et 
Ouagadougou (Diaz Olvera et al. 1998a). Le choix 
de ne pas retenir le revenu dans ce processus 
repose d’abord sur le constat que pres de 30% des 
actifs n’ont pu ou voulu fournir ce renseignement. 
Ce choix permet aussi de prendre en compte une 
relative permanence des conditions de vie, au-del8 
de la fausse precision d’un revenu mesuri: un 
moment donnk, alors qu’avec la crise et les 
politiques d’ajustement structurel, le poids du 
salariat diminue au profit des activites informelles 
aux revenus alkatoires (Antoine 1996). MEme si les 
deux groupes sont hkterogknes, la mtthode utiliske 
conduit a des kar ts  sensibles entre leurs revenus 
moyens: les actifs pauvres gagnent en moyenne 
29 000 FCFA contre 119 000 FCFA pour les 20% de 
(( non-pauvres D. Par abus de langage, nous 
qualifierons ces derniers de ((riches D, bien que 
cette categorie integre, aux c6tes de personnes trks 
aisees, des actifs aux revenus moyens. 

Ces diffkrenciations socio-dkmographique et 
spatiale des citadins se traduisent par des ecarts 
perceptibles dans les niveaux de mobilite 
niecanisee (Figure 4), mais aussi dans la 
frkquentation de la ville ou l’usage des modes. 

La Figure 5 permet ainsi de caracteriser chaque 
groupe par le pourcentage de G sedentaires )) 
(individus ne s’ktant pas deplacks la veille), de 
(( mobiles de proximite )) (qui ne sont pas all& plus 
loin que leur quartier ou les quartiers limitrophes) 
et enfin de (( mobiles au long cours D, pratiquant 
une mobilite de ville (qui ont depassk les quartiers 
limitrophes de leur domicile). 

La Figure 6 distingue parmi les mobiles de 

Figure 4. Mobilitt mCcanisCe selon le revenu et le lieu 
de rtsidence 

chaque groupe les pourcentages de personnes 
s’etant dkplacees exclusivement A pied, de celles 
qui se sont dkplackes en transports collectifs (et 
kventuellement, a pied) et enfin de celles qui ont 
utilise un vehicule individuel (qu’elles se soient ou 
non ddplackes en transports collectifs ou a pied). 

Ces differents indicateurs mettent en evidence 
une nette separation des pratiques des riches et des 
pauvres. Elle porte sur les niveaux, puisque la 
mobiliti: mkcaniske des groupes de pauvres est trks 
infkrieure a celle des riches, mais les kar ts  de 
structure sont kgalement tres marques. Le taux de 
skdentaires est plus 4ev6 pour les pauvres, tout 
particulikrement pour ceux rksidant au centre et en 
deuxieme peripherie non lotie, que pour les riches. 

Les kar ts  entre groupes portent aussi sur la 
repartition entre mobiles de proximite et (( mobiles 
au long cours D, les riches, avec trois quarts de 
mobiles au long cours constituant cependant une 
population plus homogkne que les pauvres. D’un 
point de vue modal, les riches peuvent kchapper 
plus facilement que les pauvres a la (( fatalitk )) de 
la marche, au benefice de l’usage des vihicules 
individuels. Consequence des insuffisances de 
l’offre que nous ivoquions prkckdemment, le taux 
d’utilisateurs des transports collectifs reste faible 
quel que soit le groupe, et varie peu entre pauvres 
et riches. Ces kar ts  majeurs entre groupes relevant 
de differences socio-economiques entre riches et 
pauvres ne doivent toutefois pas occulter les effets 
associks a la localisation de l’individu dans le 
espace urbain. 

Dans les zones loties, les individus aisks, 
(( mobiles au long cours )) par excellence, ont 
genkralement accks a la voiture pour leurs 
multiples deplacements quotidiens en ville. C’est 
parmi eux qu’on trouve le plus faible usage de la 
marche, notamment pour les petits deplacements, 
et en moyenne les trois quarts de leur budget 
temps-transport (environ 1 heure) sont imputables 
A l’usage des modes mCcanisCs. Contrairement aux 
riches, la quasi totalit6 des pauvres sont des 
marcheurs exclusifs, avec cependant un usage des 
modes mCcanisCs croissant avec l’kloignement du 
centre qui les amkne a en Etre les plus forts 
utilisateurs parmi les pauvres. Ce phenomkne 
concerne toutefois principalement des actifs, voire 
quelques scolaires, et pkse plus lourdement sur les 
residents de la deuxieme pCriphCrie. 

Les habitants pauvres des villages font en 
moyenne plus d’un dkplacement supplkmentaire que 
leurs voisins des peripheries non loties. Les citadins 
pauvres des villages comme des peripheries non 
loties se caractirisent par le recours peu frequent aux 
modes motorises, trait plus net encore dans le cas 
des villages. La mobiliti: plus Clevee des villageois 
repose alors uniquement sur un usage plus 
developpk de la marche a pied aux alentours du 
domicile. Ce repli des villageois sur le quartier 
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PCENT Pauvres du Centre RCENT Riches du Centre 
PP 1 L RPlL Riches en PCriphCrie 1”‘ couronne lotie 
PP2L Pauvres en PCriphCrie 2e”’e couronne lotie RP2L Riches en PCriphCrie 2e”’e couronne lotie 
PP2NL RP2NL Riches en PCriph. 2e’”e couronne non lotie 
PP2V Pauvres en PCriph. 2‘”‘ couronne villages RP2V Riches en PCriph. 2e”’e couronne village 

Pauvres en PCriphCrie lere couronne lotie 

Pauvres en PCriph. 2e”1e couronne non lotie 

% de 
au long 

des TC 

0 % a  pied loo 
seulement 

Figure 5 .  MobilitC spatiale des (( riches )) 
et des pauvres, selon le lieu de rCsidence 

concerne notamment les deplacements lies a la vie 
quotidienne (achats, religion, demarches, accompa- 
gnements), marquee chez les hommes par des taux 
extremement elevks de deplacements lies la 
pratique religieuse (1,6 deplacement en moyenne 
contre 0,7 deplacement dans les peripheries non 
loties) et chez les femmes par l’approvisionnement 
en eau (respectivement 0,6 et 0’3 deplacemeiit, 
l’achat aux vendeurs ambulants etant plus frequent 
dans les peripheries non loties que dans les villages). 

Par leur mobilite, les residents du centre 
apparaissent comme les citadins les plus ouverts sur 
la ville, alors mSme que le taux d’utilisateurs des 
modes motorises n’y est pas superieur a la moyenne. 
Cependant, des differences apparaissent dans les 
niveaux moyens de mobilite quotidienne, les riches 
faisant plus d’un deplacement supplementaire et 
utilisant plus les modes niecanises que les pauvres, 
pour un budget temps de transport a peine superieur. 

Le statut d’actif ne rime pas forcement avec une 
mobilite de ville lorsque l’on dispose de peu de 
moyens. La majorite des actifs pauvres travaille dans 
une zone assez proche de son lieu de residence, un 
sur quatre travaillant meme a domicile (artisans, 
petits commergants, ou encore, dans les peripheries 
loties, personnel de maison vivant chez son 
employeur). Un actif pauvre sur deux a une mobilitk 
de ville, generalement reduite a l’activite 
professionnelle, contre 80% chez les actifs plus 
aises. A nouveau, l’eloignement du quartier de 
residence au centre de Niamey a bien un effet sur 
l’usage de l’espace pour les differentes activites. Les 
actifs pauvres residant dans le centre et en premiere 
peripherie lotie sont un peu plus nombreux a 

Figure 6. Formes d’usage des modes 
de transport des diffkrents groupes 

frequenter la ville, ces deplacements etant aussi 
moins polarises par Ie travail. En revanche, dans les 
peripheries de deuxieme couronne, les actifs, dans 
l’ensemble plus pauvres, ont une pratique de la ville 
limitte a l’activite professionnelle. 

Pour les citadins aux revenus individuels faibles 
ou inexistants, la centralite du lieu de residence 
permet donc de s’affranchir, en partie, des 
contraintes financieres dans les pratiques de mobilite 
quotidienne. Densite importante en emplois, en 
commerces et residences et position centrale rendent 
realisables des activites de diverses natures, les 
distances encore raisonnables a pied tvitant de faire 
trop souvent appel aux cofiteux modes motorises. Ce 
n’est pas le cas des peripheries et notamment des 
peripheries non loties pour lesquelles la pauvrete des 
residents est renforcee par le sous-equipement de ces 
quartiers et par l’eloignement qui limite concrk- 
tement les activitks realisables en ville. 

4 CONCLUSION 

I1 apparait a travers cette analyse que les inegalites 
de revenus ont une traduction spatiale tres nette. 
Certes, le statut socio-economique (scolaire, actif, 
inactive mariee ou non ...) definit trks largement les 
rythmes et les contraintes quotidiennes qui 
structurent les modes de vie urbains et l’effet du 
revenu prime alors nettement sur la localisation de la 
residence. Acceder a un revenu consequent permet 
d’utiliser un deux roues-moteur, voire une voiture, 
de s’affranchir au moins partiellement des 
contraintes spatiales et temporelles et de developper 
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des activites professionnelles et des relations 
sociales a l’echelle de la ville. Cette situation est le 
privilege d’une minoritk. Le lot courant des pauvres 
se resume au contraire a une alternative entre marche 
a pied, parfois sur de longs trajets, et usage des 
transports collectifs contraint et limit6 du fait des 
effets conjugues de la faible solvabilite et des 
lacunes de l’offre de transport. 

Pourtant des differences non negligeables ont pu 
etre notees au sein de la population des pauvres, 
confirmant et precisant en cela les resultats mis en 
evidence par des travaux anterieurs sur Bamako et 
Ouagadougou (Diaz Olvera & Plat 1997 ; Diaz 
Olvera et al. 1999b). Les rCsidents du centre sont les 
plus favorisks, tant du fait d’un plus grand 
enracinement en ville que de meilleures conditions 
d’accessibilite au reste de l’espace urbain. 
L’eloignernent du centre joue dkfavorablement sur 
les conditions d’accks a la ville, en renforqant encore 
les contraintes dkcoulant du statut socio- 
economique, alors que le developpement urbain base 
sur la specialisation fonctionnelle des espaces tend a 
accroitre les besoins de se dkplacer. C’est ainsi dans 
les zones non loties que le caractere multi- 
dimensionnel de la pauvrete urbaine apparait le plus 
nettement. Dans ces quartiers, a la fois les plus 
pauvres par leur population, les moins facilement 
accessibles et les plus demunis en kquipements de 
base, la pauvrete semble promise a se renforcer et a 
se reproduire. De meme que le fait de ne pas 2tre 
relie au rkseau tend a rencherir le coQt de l’eau, 
l’eloignement des principaux marches implique 
d’acheter dans le quartier, vraisemblablement a des 
prix plus eleves, comme par exemple a Dar es 
Salaam (Diaz Olvera et al.1998b). Mauvais etat des 
voies d’accks et coQt prohibitif des transports 
motorises (individuels ou collectifs) ne facilitent pas 
les echanges urbains, alors meme que le sous- 
equipement des logements et des quartiers tend a en 
renforcer la necessite. 

Ce contexte defavorable a la mobilite renforce les 
tendance au repli sur le quartier et contribue a 
l’adoption par les menages de strategies de survie 
face a la crise presentant un caractere rationnel dans 
le court terme mais pouvant constituer a long terme 
un obstacle a la sortie de la pauvretk. Ainsi, par 
exemple, la sortie prkmaturee du systkme scolaire 
comme consequence des coQts de transport elevts 
limite les chances d’accks a des emplois plus 
rkmunerateurs. Nkanmoins, ce repli sur le quartier 
peut Ztre diversement vecu, selon le type de quartier 
et l’anciennetk dans la ville. La mobilite de quartier 
est sensiblement plus riche et plus diversifike dans 
les villages que dans les peripheries non loties de 
structuration plus recente, et a la vie sociale moins 
developpke. A la ruralit6 preservee des premiers, 
rkpondrait la citadinite inaboutie des seconds. Mais 
si elle peut &re trks diversement vecue selon les 
quartiers, la localisation tres fiequente des pauvres 

dans les peripheries non loties tend dans tous les cas 
a peremiser et a renforcer les in6galiti.s de niveau de 
vie. 
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A causal analysis of public sector worlung women's mobility in Navi Mumbai: 
Lessons for policy formulation 
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ABSTRACT: The process of economic & social empowerment in developing countries is not only resulting 
in the redistribution of household activities and its associated labour on account of increased participation of 
women in gainful employment but also is setting into motion new arrangements for travel at the household 
level. The present paper attempts to determine the impact of economic empowerment of urban women on 
their mobility levels in Navi Mumbai, India. A three-fold change observed between the mobility levels of 
working and non-working women may have transport planning implications in the developing world. 

1 INTRODUCTION 

The policy of evolving an equitous society in devel- 
oping countries has been a major policy thrust of 
most democratically elected governments in devel- 
oping countries and International agencies. The na- 
tional and global efforts in equitous development of 
gender have largely focussed on the individual em- 
powering of women in conformity with her life cycle 
needs of literacy, family welfare programme, child 
development programmes which has enabled them 
to regulate their fertility levels and participate klly 
in community development programmes etc. Whilst 
empowering of women has led to improved quality 
of life and creation of a social mix characterized by a 
large middle income group, reduced household size 
and increasing economic surpluses etc. their issues 
of mobility, intrinsically linked with income, 
empowerment and improved literacy, particularly in 
the context of women, have received little attention 
in the research efforts in the developing environ- 
ments.The Indian Government has also prepared a 
Draft National Policy for the Empowerment of 
Women whose objective is to change societal atti- 
tudes, eliminate all forms of gender biased discrimi- 
nation, incorporate gender perspectives into policies 
and ensure active participation of women in all 
spheres of life. A bold step has recently been taken 
to increase women's participation in decision mak- 
ing at the local level through the 73rd and 74" Con- 
stitutional Amendments. The impacts of these poli- 
cies on the mobility needs and level have not 
received the due consideration in mobility research. 

The review of the trends in women's development 
in India does suggest a positive impact of the above- 

cited policies. The literacy levels amongst the 
women have risen from 18.7% in 1971 to 39.42% in 
199 1. Similarly the participation levels of women in 
the work force doubled from 11.06% in 1971 to 
22.30% in 1991. The increasing participation of 
women in work force has necessitated the need for 
assessing the mobility needs and levels of working 
women. 

Working women in India are reflective of the 
changing labor distributions of the household labor. 
The implications of the women's desire to explore 
are many and can be addressed separately and do not 
form a part of this effort. The reported research aims 
towards identifying the causal factors associated 
with women's mobility. The paper is based on an 
empirical study of 200 working women employed in 
public sector offkes in CBD Belapur of Navi Mum- 
bai in Maharashtra State. The selected case study 
area is component of one of the fastest growing me- 
tropolises in India with high female work participa- 
tion rates and reflects the typical middle income nu- 
cleated household structure working women sets. 

2 WOMEN'S MOBILITY RESEARCH IN INDIA 
AND ABROAD 

Mobility research in India have been largely de- 
pendent upon household travel surveys undertaken 
for the preparation of long range transportation plans 
clearly establishing the inequities that existed be- 
tween genders (SPA; 1990, 1997). The classical 
analysis undertaken could not enable the identifica- 
tion of causal factors for the observed inequities. 
Activity diary studies undertaken in India (Sharma 
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& Gupta, 1996; Gupta, 1990; Gupta, 1995) did con- 
firm that mobility across genders is more closely re- 
lated to the household labor distributions and thus 
the women’s mobility is confined to her immediate 
neighbourhood. International comparisons on 
women’s mobility did reflect the inadequacies, 
limitations and methodological issues observed 
during the comparative analysis and stressed for a 
concerted effort at the international level for appre- 
ciating the mobility levels in developing environ- 
ments. Sharma and Gupta (1998) contributions on 
women’s mobility in Indian cities revealed that there 
were apparent inequities in urban travel in relation to 
gender which could be alleviated through the devel- 
opment of several non transport solutions rather than 
improving the transport systems in urban areas. In 
continuation of the earlier research, the present effort 
is directed towards the study of mobility patterns of 
working women in relation to their differential levels 
of empowerment. The appreciation of these will en- 
able a more in-depth appreciation of the causal fac- 
tors and their implications on women’s mobility and 
identify issues thereof in order to frame appropriate 
policy framework. 

Several studies in the past decade in developed 
countries have found that the work trip is shorter for 
women than men (Gordon et.al, 1989). This result 
holds across countries, inspite of differences in pub- 
lic transport versus automobile use and in female la- 
bour participation rates. Although explanations of 
this result vary among researchers, the unifying gen- 
eral argument is that women suffer from several 
constraints that limit the distance between home and 
work: income and occupational constraints; home & 
family commitments and labour market constraint 
travel patterns of working women. In an another 
study conducted by Gordon et.al (1989) it was ob- 
served that women consistently have shorter work 
trips than men, regardless of income, occupation, 
marital and family status, mode of travel or location, 
and that women undertake more non-work trips than 
men. Further the results did not support the argu- 
ments that women cannot afford to take longer work 
trips because they suffer from lower wages, re- 
stricted accessibility, heavy representation in poorly 
paid but spatially dispersed occupations and the need 
to allocate more time to family members. A more 
plausible explanation put forward for the shorter 
work trip length was in terms of choice, reflecting an 
optimal allocation of the household’s (or individ- 
ual’s) time and resources, compensating for more 
time spent on non work travel, and taking account of 
the probability that the income gain from extending 
the work trip is not large enough to justify the addi- 
tional commuting costs. Fox (1983) in his study 
concluded that working women with children have 
shorter time duration for work, household and lei- 
sure trips. Further time and activity patterns study, 
revealed that given time savings, women might 

make different travel choices. Gupta (1990) and 
Sharma & Gupta (1996) and in their studies on time 
allocation by women in metropolitan city on Nagpur 
in India observed that employed women prefers to 
spend less time on personal care, household activi- 
ties and leisure and prefers to increase time alloca- 
tions to meet her work obligations. Further exami- 
nations and comparative time allocations by working 
women and men for travel reflects a variation of 
more than 50 percent. Female workers also generally 
tend to avoid peak hours by commuting in hours 
succeeding or preceding the peak hours thus signi- 
fying the need for safe support infrastructure for her 
full participation in economically gainfit1 opportuni- 
ties. 

3 PROFILE OF WOMEN IN INDIA 

Women in India accounted for nearly 48% of the 
total country’s population of 846 million in 1991. 
Nearly 39% of the females in 1991 were literate 
which in context to males is much lower. As per 
1991 census the work force participation rate of 
women is low i.e. around 23% compared to nearly 
52% that of males. Further the majority of female 
work force (80%) is engaged in primary sector re- 
lated employment activities compared to 64% in 
case of the males. There are also spatial inequities in 
the status of women across the country. According 
to the office of the Census Commissioner in India, 
out of a total 452 districts in India in 1991, only 37 
districts managed to attain a high level of status for 
women in terms of female literacy rate, female work 
force in secondary and tertiary sectors, sex ratio, 
proportion of females in urban areas to total female 
population and female mean age at marriage. In an- 
other 57 districts women status has been measured 
as intermediate. Over 350 districts did not score well 
on the gender equity scale, with the status of women 
being very low. Table 1 shows the trends in demo- 
graphic and socio-economic characteristics of 
women in India. 

According to UNFPA while the income levels are 
low in general, the women’s access to income and 

Table 1, Trends in demographic and socio-economic charac- 
teristics of women in In&a 

Year Female Female Female work force 
Population literacy participation rate 
(million) (%) 

1971 264.1 18.70 11.06 
1981 321.3 24.82 €3.99 
1991 106.3 39.42 22.30 

Source: Census of India. 199 1 

730 



control over economic resources is even worse. Al- 
though most women work, their work tends to be in- 
visible and under-rewarded. As a result fewer 
women are counted in the labour force and fewer 
still in the non-agricultural activities. 

4 STUDY AREA PROFILE AND DATA BASE 

4.1 Study Area 

Navi Mumbai with a population size of 0.30 million 
(1991), covering an area of 344 sq. km. and 0.3 mil- 
lion size (1991), is being developed on the mainland 
across Mumbai harbour as a counter-magnet to 
Greater Mumbai. The development of Navi Mumbai 
envisaged a nodal settlement pattern strung out on 
principal transport corridors. There are about 30 ur- 
ban nodes, which have been planned in Navi Mum- 
bai, of which only eight have been developed so far. 

CBD Belapur, one of the eight nodes developed 
so far, is located in the centre of Navi Mumbai. The 
node with a population size of 29298 (1995) has an 
estimated 46% women population. Nearly 56% of 
the population are employed in this urban node. 
CBD Belapur is connected to various parts of Mum- 
bai by the public transport system operated by BEST 
and MSRTC, besides Central Railways line. There is 
also an Inland Water Transport service between 
CBD Belapur and Gateway of India. 

4.2 Data Base 

A primary survey of 200 working women employed 
in 15 public sector offices in CBD Belapur was con- 
ducted out of an estimated 649 women employee. 
Details of the personal information trip information 
and activity patterns were collected from the respon- 
dents in addition to certain attitudinal information 
relating to transport system’s quality. In addition trip 
information of 214 non-working women from 150 
households in CBD Belapur was also collected for 
comparison purposes. 

5 CHARACTERISTICS OF WORKING WOMEN 

5.1 Socio-economic characteristics 

The salient socio-economic characteristics of work- 
ing women (Table 2) indicate that 85% of the 
women are married. One fourth of the women did 
not have children, Majority of them (78%) are at 
least graduates. Most of the working women (60%) 
are employed as ‘clerks’ in various offices. The av- 
erage age of the respondent was observed to be 33 
years while her average income was Rs. 6259 per 
month. 
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Table 2, Socio-economic characteristics of the working women 
in CBD Belamr, Navi Mumbai 

Characteristics % of women 

Age(years) 
<2 5 
26-30 
31-35 
36-40 
41-45 
>4 5 

Marital Status 
- unmarried 
- married 

- below graduate 
- graduate 
- post graduate 

Occupational Status 
- clerk 
- officer 
- professional 
- others 

Number of children 

Education 

0 
1 
2 
2+ 

0 
1 
1+ 

<5000 

Vehicle ownership 

Personal incoine(Rs./inonth) 

5001-7500 
750 1-10000 
> 10000 

18.5 
17.0 
23.0 
28.5 

9.5 
3.5 

15.5 
84.5 

22.5 
65.0 
12.5 

60.0 
24.5 
13.5 
2.0 

25.0 
37.5 
35.0 
2.5 

68.0 
31.0 

1.0 

21.5 
52.0 
20.5 
6.0 

5.2 Activity time allocation 

Many interesting patterns of social life are associ- 
ated with the temporal distribution of human activi- 
ties. The activity participation behaviour is respon- 
sive to the complex needs and desires of individuals 
and households. Time budget studies of activity 
patterns provides an insight into relative importance 
of different activities in terms of time spent and the 
constraints to which people are subjected. Table 3 
shows the time allocations of working women in the 
case study area to various activities. It is evident that 
nearly 57% of the daily time available to working 
women is utilised in meeting obligatory duties. The 
activity time allocation of working women in the 
study area compares favourably well with that ob- 
served for Nagpur, a metropolitan city in India 



Table 3. Time allocations of working women to various ac- 
tivities in CBD Belapur, Navi Mumbai 

Activities % of daily 
time allocated 

Work 34.0 
Household activities 19.0 
Child care 4.0 
Personal care (incl. Sleep) 32.0 
Leisure and Recreation 7.0 
Travel 4.0 

Table 4. 
women in CBD Belapur, Navi Mumbai 

Salient Mobility Characteristics of the working 

Characteristics Work Non-work Overall 
TriD T r i ~  

Per capita rate 2.0 2.5 
Average trip length(kni) 12.1 7.6 
Average trip tiine(min.) 26.9 20.4 
Daily travel distance(km)24.2 19.0 
Daily travel time(min.) 53.8 51.0 
Trips by mode(%) 

- cadtwo wheeler 2.0 22.3 
- auto/taxi 1.0 13.2 
- bus 20.5 23.3 
- train 65.5 12.7 
- walk 6.5 27.4 
- others 4.5 1.1 

2.1 
10.8 
25.1 
22.6 
52.8 

8.5 
4.9 

21.4 
48.6 
13.2 
3.4 

(Gupta, 1990) wherein about 50% of the daily time 
was spent by the working women on obligatory du- 
ties. The time spent on travel in CBD Belapur ac- 
counts for only 4% of the daily time available as 
compared to 2.4% in Nagpur, the difference primar- 
ily on account of long home to work travel distances 
in CBD Belapur compared to Nagpur. 

5.3 Mobility Characteristics 

The salient mobility characteristics of the working 
women in the study area are shown in Table 4. 
It can be seen that a working woman on average 
travels for 23 km spending 53 minutes on travel 
every day. Majority of the women (82%) commutes 
for distance exceeding 10 km for their work trip. The 
maximum trips to work (76%) are made using mass 
transport systems like train and public bus followed 
by 10% using chartered and institutional buses 
which clearly indicate the preferences for mass 
transport systems by working women for long work 
journeys. The average trip lengths for train, public 
bus, chartered bus and company bus for work trips 
were observed to be 15km, 7km, 1 Ikm and 9km re- 

spectively However for non- work trips, the priority 
modes are personalised modes like cars and two 
wheelers (50%), mostly accompanied trips, followed 
by buses (23%) and train and IPT modes with a 
share of 13% each. The study also revealed that un- 
married working women prefer more of safe and re- 
liable transport systems like train and buses. 

5.4 Impact of socio-econonzic factors on mobility 
levels 

The variations in mobility levels of working women 
on account of various socio-economic factors are 
shown in Table 5 .  It is observed that with increase in 
age, the mobility rates of working women decline 
and so do her daily travel distance and time. Further 
increased educational status does effect the spatial 
search areas of these women in terms of increased 
travel distance and time, though inconsistently. In 
particular 'Post Graduate' working women trip rate is 
26% more in comparison to an average working 
women trip rate. However it also observed that more 
literate working women also travel less distance 
daily possibly on account of their close proximity to 
work and other activity areas from their place of 
residence. 

Table 5. Variations in mobility levels o i  working women by 
demographic and socio-economic factors 

Factors Per capita Daily travel 
Trip rate distance time 

( k m  (min.) 

Age(years1 
<30 2 1  
3 1-40 2 2  
>40 1 9  

- Less than graduate 2 2 
- Graduate 2 0  
- Post graduate 2 7 

- unmamed 2 1  
- married 2 1  

0 2 2  
1 2 2  
2 2 0  
2+ 2 2  

<5000 1 8  
5000-10000 2 2 
>10000 2 6  

Educahon 

Marital status 

Number of children 

Monthly income (Rs ) 

24.6 
22.2 
22.0 

21.2 
24.4 
17.5 

20.0 
23.1 

21.1 
21.2 
23.8 
29.5 

26.1 
22.4 
16.9 

53.1 
54.2 
50.4 

52.0 
56.0 
40.0 

46.0 
54.0 

48.8 
52.6 
56.0 
61.8 

57.1 
53.3 
39.8 

Average 2.14 22.6 52.8 
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Married women in comparison to unmarried women 
are more mobile in terms of their spatial search ar- 
eas. The study also observed that working women's 
mobility does not seem to decline with increasing 
number of children she possesses, on the contrary it 
shows an upward trend particularly in terms of total 
travel distance which in '2+ children' category is 
3 1% more than the average working women's daily 
travel distance. This is strikingly in contrast to the 
popular belief (Gordon et.al.) that with increasing 
number of children, the time for obligatory duties for 
working women increases thus releasing little time 
for her to undertake travel. It is also observed that 
per capita income does significantly affect-working 
women's mobility. In particular the highest per cap- 
ita income category (Rs. 10,000 +) working women's 
trip rates are 22% more than the average working 
women's trip rate. However working women be- 
longing to higher income category also travels lesser 
distance (25%) and spends lesser time (25%) in trav- 
eling compared to an average working women pos- 
sibly on account of factors such as her proximity to 
work and activity areas from place of residence and 
her ability to purchase higher speeds for commuting. 
The average trip lengths for work trips are highest in 
case of lowest per capita income group (14 km) 
compared to highest group (8.5 km) indicating spa- 
tial mismatches between distribution of low paid 
female jobs and locations where low income women 
live. 

6 COMFARATIVE ANALYSIS OF WORKING 
& NON-WORKING WOMEN'S MOBILITY 

A comparison has been made in the mobility levels 
of working and non-working women in order to as- 
sess the likely effects of economic empowerment of 
women (Table 6). It can be observed that there is a 
threefold increase in the mobility levels on account 
of economic empowerment. 

While the per capita trip rate of working women 
in case of work trip is 3.5 times that of non working 
women, the daily travel distance and travel time are 
12.5 and 8.5 times that of non-working women. The 
differentials in mobility levels are marginally less in 
case of non-work trips but still significant enough 
indicating that with economic empowerment, the 
mobility of women could improve substantially. 

7 ISSUES IN POLICY FORMULATION 

The implications of literacy and economic changes 
due to economic empowerment are significant on the 
mobility levels of working women. Further a more 
detailed enquiry is still warranted in the case of 
working women 'with and without children' as the 
observed finding appears to be in contrast to the 

Table 6. Mobility comparison of working and non-working 
women in CBD Belapur, Navi Murnbai 

Mobility working non-working % 
Indicators women women variations 

a. All trips 
Per capita rate 
Average trip 
Length (km) 
Average trip 
Time (nun.) 
Daily travel 
Distance (kni) 
Daily travel 
Time (min.) 

b. Non-work trips 
Per capita rate 
Average trip 
Length (kni) 
Average trip 
Time (nun.) 
Daily travel 
Distance (km) 
Daily travel 
Time (nun.) 

2.14 

10.70 

24.80 

22.60 

52.80 

2.50 

7.60 

20.40 

19.00 

5 1 .OO 

0.61 

3.00 

10.00 

1 3 0  

6.10 

0.6 1 

3.00 

10.00 

1.80 

6.10 

+ 250.8 

+ 256.7 

+ 148.0 

+1155.0 

+ 766.0 

+ 309.8 

+ 153.3 

+ 104.0 

+ 938.0 

+ 678.7 

generally agreed understanding that motherhood re- 
stricts the mobility levels in the case of working 
women. This may be attributable to her enhanced 
economic capability of developing non-transport ar- 
rangements for the welfare of her children in family 
and in society. 

The comparative analysis of working & non- 
working women's mobility in this study reveal that 
economic empowerment coupled with improvement 
in literacy levels could result in three to four fold in- 
crease in an average women's mobility. Women's 
empowerment should therefore be both an objective 
in itself and a mechanism to achieve government's 
welfare goals. In order to assist in empowerment of 
women and free them from some of their gender re- 
lated shackles, it will be necessary to provide sup- 
port services like creches, working women's hostels 
and other benefits. 

The time and activity patterns study of the work- 
ing women reflects greater obligatory time require- 
ment which in this paper reflects lesser time for 
travel in comparison to those observed in more de- 
veloped societies. Given time saving it is quite pos- 
sible that working women might make different 
travel choices. Further it is observed that there are 
spatial mismatches between distribution of low paid 
female jobs and locations where low income women 
live resulting in longer commuting for more trips in- 
curred by low income women compared to high in- 
come women. However this aspect of spatial mis- 
match and its implication on working women's 
mobility needs to be fkrther examined. The study 
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also reveals that working women are greatly de- 
pendent on the safe, reliable & affordable mass 
transport systems for their long work trips journeys 
indicating the need for policy planners to incorporate 
their mobility needs while planning for improvement 
in the mass transport systems. 

Finally in order to fulfil1 her travel demands, 
women not only need proximity of employment and 
community service and available transportation, they 
need new timing policies for work and household in 
order to release time for travel. Also in light of the 
improvement in mobility levels observed on account 
of the empowerment of women, it is necessary to 
evolve appropriate analytical methods and policies, 
which incorporates transport requirements of work- 
ing women in urban areas. 
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Les pauvres dans leur quartier d'habitation: localisation, frkquentation 
et reprksentations 
Living areas of the poor: Location, frequenting and mental reprksentations 
Los pobres en su barrio: Localizacion, frecuentacion y representaciones 

C. Clement 
Laboratoire d'Economie des Transports, Lyon, France 

RESUME: L'ktude de la inobilitk urbaine quotidienne associke B celle des reprksentations spatiales permet de 
mettre en kvidence certaines relations des citadins avec I'espace urbain, en termes d'activitks pratiqukes ou de 
critiques de l'environnement. Les deux approches permettent notamment de comprendre des logiques compor- 
tenientales par rapport des contraintes socio-kconoiniques fortes. Ainsi, nous montrons ici que la population 
pauvre d'une capitale d'Afrique de l'ouest voit la plupart de ses dkplacements restreints au quartier d'habitation. 
Or ce dernier se situe gknkraleinent B la pkriphkrie des quartiers lotis et centraux, c'est-&dire de ceux qui pos- 
skdent les services urbains. En conskquence, alors que leur quartier d'habitation regroupe l'essentiel de leurs 
lieux de frkquentation, il ne peut satisfaire des besoins liks B la vie en ville et les exigences exprinikes B son 
kgard reflktent les reprksentations de ces populations sur cet espace spkcifique. 

ABSTRACT: The study of the daily urban mobility, linked to the analyses of spatial representations enlighten 
some of the relationships between citizens and urban space, in terms of the activities or value judgments con- 
cerning the environment. Both of these approaches permit us to understand notably the behavioural logic in 
relation to strong socioeconomic constraints. Thus, we show here that the movements of a poor population of 
an West-African capital are restricted to the district in which they live. Moreover, generally, the latter is lo- 
cated in the outskirts, far from the developped areas and the town centre, that is to say far from urban services. 
Consequently, while their living districts bring together the essential of their meeting places, they can't satisfy 
the needs linked to town life and the demands made upon their district reflect the representations of these 
population to these specific locations. 

RESUMEN: El estudio de la movllidad cotidiana urbana, asociado a1 de las representaciones espaciales, pone 
en relieve las relaciones de 10s habitantes con el espacio urbano, en t6rminos de actividades practicadas o de 
criticas a1 entorno. Estos dos temas permiten coniprender las ldgicas de cornportanliento con respecto a las 
obligaciones socio-konomicas. Asi, mostramos que la poblacidn pobre de una capital del Africa Occidental ve 
sus desplazamientos restringidos a su barrio de habitaci6n. Pero kste se encuentra generalmente en la periferia 
de 10s barrios urbanizados y centrales, es decir, aquellos con servicios urbanos. En consecuencia, el barrio de 
habitaci6n constituye el principal lugar de frccuentaci6n pero no puede satisfacer las necesidades de la vida 
urbana y 10s requerinlientos que le son demandados reflejan las representaciones de 10s habitantes a su 
respecto. 

1 INTRODUCTION inais ne s'y rkpartissent pas alkatoirement. En fonc- 

1.1 Le qunrtier d'habitation : iin espnce pnrticulier 
dam la ville 

Au quotidien, les relations hommes-espace urbain 
peuvent Ztre abordkes sous deux aspects, le premier 
relatif ii la pratique de la ville, le deuxikme aux reprk- 
sentations spatiales qui lui sont associkes. Tout 
d'abord, l'ktude de la mobilitk quotidienne urbaine 
permet de mettre en kvidence les activitks journalik- 
res des citadins hors de leur logement. Celles-ci se 
dkroulent gknkralement dans le perimh-e de la ville 

tion, non seuleinent du contexte urbain, mais kgale- 
ment des caractkristiques socio-kconomiques des in- 
dividus, les citadins privilkgient certains lieux dans 
leurs dkplacements. Ensuite, le second aspect se rap- 
porte aux reprksentations spatiales dont le r81e est de 
juger, de critiquer et d'interprkter constamment l'en- 
vironnement (Richard & Richard 1993). En ce sens, 
elks sont directement associkes B la mobilitk urbaine, 
par des liens de cause A effet : les reprksentations ai- 
dent au choix des lieux frkquentks et la mobilitk mo- 
difie elle-mZme les jugements portks sur les lieux. En 
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somme, les reprksentations spatiales, la mobiliti 
quotidienne et leur articulation constituent le noeud 
des rapports journaliers de l'homme avec son espace. 

Or, ces derniers dependent du lieu sur lequel ils 
portent. Le centre-ville, le quartier des affaires, celui 
des lieux de sorties par exemple, seront interprktks 
diffkremment. C'est pour cela que, dans les pratiques 
quotidiennes comme dans les reprksentations, le 
quartier d'habitation tient une place particulikre. 

Car une grande partie des usages de I'espace ur- 
bain se deroule dans le quartier d'habitation. Celui-ci, 
entre domicile et espace urbain, constitue << un espace 
de contact >> entre l'individu et la ville, entre le cita- 
din et la sociktk (Frkmont 1982). Dans ce cadre, loin 
d'etre une realit6 concrkte sans valeur, il est charge 
affectivement et socialement de connotations parti- 
culikres, dkpassant sa simple fonctionnalitk. A priori, 
il est un endroit farnilier oh l'individu a des repkres 
facilement identifies et qui sert de miroir B sa propre 
identitk (Noschis 1984). Mais les situations sociales 
et kconomiques, les contraintes financikres modifient 
les relations des citadins i leur quartier. 

En particulier, des etudes sur la mobilitC quoti- 
dienne en Afrique de l'Ouest ont montrk l'importance 
du niveau de revenus, que ce soit Godard (1997) en 
general sur le sous-continent ou Diaz Olvera et Plat 
(1997) sur Bamako et Ouagadougou par exemple. 
C'est kgalement le cas pour les representations spa- 
tiales, notamment parce qu'elles dependent des mo- 
des de transports utilises et donc de la richesse de 
I'usager (Bailly 1977). En consequence les pauvres 
vont klaborer des relations particulikres avec leur 
quartier par rapport aux populations plus favoriskes : 
c'est cette specificit6 que nous tentons ici de mettre 
en lumikre. 

1.2 Lieu de I 'E'tude et recueil de donne'es 

Notre ktude porte sur la ville de Niamey, capitale du 
Niger en Afrique de 1'Ouest. 

Une enqugte menages a kte rkalisee auprks de 750 
menages de la ville (Diaz Olvera et al. 1999). Elle a 
permis le recueil d'informations sur la composition 
demographique des mknages et sur les caractkristi- 
ques des logements. Pour chaque individu de plus de 
13 ans, elle indiquait kgalement, entre autres : 

- des caractkristiques socio-kconomiques classi- 
ques, les possibilitks d'accks au(x) vkhicules du mk- 
nage ; 

- les deplacements (motif, horaire, mode de trans- 
port, origine-destination) rCalisks la veille du jour de 
l'enquete, qu'il s'agisse d'un jour de semaine ou de 
week-end ; 

- les trois qualitCs principales d'un quartier 
d'habitation parmi huit proposkes ("on a des parents 
et des amis c o m e  voisins", Ye quartier est B proxi- 
mite du lieu de travail", "le quartier est sQr", "on dC- 
pense peu d'argent pour se loger", "il y a de la place 

dans les concessions", "on est raccordk aux reseaux 
d'eau et d'klectricitC", "le quartier est calme"). 

Dans le document prtsentk ici, les donnkes sur la 
mobilitk quotidienne font reference aux dtplacements 
de la veille et ne concernent que les jours ouvrables. 

2 LES PAUVRES DANS LA POPULATION 
ETUDIEE 

Nous n'ktudions ici que les chefs de mknage 
(hoInmes ou femmes) et leurs kpouses kventuelles, 
puisque ce sont eux qui ont en charge l'entretien du 
mknage et qui prennent les dkcisions le concernant. 
Leurs relations i l'espace de proximite en termes de 
representations et de pratiques sont particulikrement 
interessantes. 

Globalement, nous ktudions une population de 
726 femmes (dont 92 chefs de mknage) et de 634 
h o m e s .  Nous avons distinguk trois niveaux de re- 
Venus en fonction du revenu moyen dkclark et de la 
repartition des individus autour de cette moyenne. I1 
est B noter ici que, 278 individus n'ayant pas dkclarC 
leurs revenus, ces derniers ont ktk reconstituks aprks 
enqu6te en fonction de leur catkgorie socioprofes- 
sionnelle. En dkfinitive, les individus "pauvres" ga- 
gnent moins de 50 000 FCFA par mois, les individus 
"modestes" entre 50 et 100 000 FCFA et les indivi- 
dus "aisks" plus de 150 000 FCFA. Ainsi, plus de la 
moitik des individus sont pauvres, alors que 10 % 
seulement sont aises. 

La repartition des femmes selon le niveau de reve- 
nus montre que seules 13 ont des revenus kleves et 
peuvent etre classkes parmi les individus aisks 
(tableau 1). L'effectif est ici trop petit pour que nous 
puissions effectuer des traitements statistiques et 
nous comparons uniquement les femmes i revenus 
modestes et les pauvres. L'importance de ces dernik- 
res s'explique par le fait que le taux d'activitk des 
Cpouses est faible puisque moins d'un tiers d'entre 
elles occupent un emploi. Leur revenu mensuel est 
dans ce cas de 52 000 FCFA en moyenne. Ce chiffre 
cache en rkalitk de profondes disparitks entre les ac- 
tives puisque seules quelques kpouses sont aisCes 
alors que la majoritk de cette population tient de pe- 
tits commerces lui rapportant uniquement des reve- 
nus d'appoint. Ces epouses pauvres reprksentent ainsi 
plus de 60 % des kpouses actives et ne gagnent en 
moyenne que 26 000 FCFA par mois. En ce qui con- 
cerne les femmes chefs de mknage, leur situation fi- 
nancikre est encore plus defavorable puisqu'elles sont 
gknkralement pauvres. Or leurs mknages reposent 
uniquement sur leurs revenus alors que, pour les 
kpouses, les dkpenses du mknage et du logement sont 
assurees en partie par le salaire de leur mari. 

Pour les h o m e s ,  les situations sont plus variCes, 
puisqu'ils sont plus largement actifs (86 % de 
Kchantillon masculin l'est effectivement) et ils occu- 
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pent dans ce cas tout type d'emploi dans tous les 
secteurs, que ce soit dans le forme1 ou dans l'infor- 
mel, dans le public ou dans le privk. Ainsi, la rkparti- 
tion des revenus dans ce groupe est telle que nous 
pouvons comparer les trois catkgories de revenus 
(tableau 1). En moyenne leurs revenus s'klkvent B 
106 000 FCFA, il est donc deux fois supkrieur B celui 
des f e m e s .  De plus, les h o m e s  actifs sont plus ri- 
ches que les femrnes actives puisque seuls 46 % des 
premiers sont pauvres. De meme, quel que soit le ni- 
veau de revenus, l'kcart entre ceux des h o m e s  et 
des femmes reste B l'avantage des premiers. 

Les pauvres sont ainsi majoritaires dans la popu- 
lation ktudike. 11s occupent donc une vaste part de 
l'espace urbain. Mais les contraintes fmancikres aux- 
quelles ils sont soumis ne leur permettent pas un ac- 
cks B tous les quartiers de la ville, ainsi que le montre 
Etude de la localisation de leur habitat et celle de 
leur mobilitk quotidienne. 

3 LOCALISATION DE L'HABITATION DES 
PAUVRES 

3.1 Typologie des quartiers de la ville 

Afin d'effectuer l'enquete menages B Niamey, il a ktk 
rCalisk un dkcoupage gkographique de la ville. Ce 
dernier s'appuie sur les travaux de Jambes (Jambes 
1996) ainsi que sur les donnkes du recensement de la 
population de 1988. I1 permet de distinguer 5 types 
de quartiers identifies par leur position gkographique, 
l'anciennetk de l'urbanisation, la composition sociale 
de leur population et les caractkristiques de I'habitat 
(Diaz Olvera et al. 1999). Ces groupes sont les sui- 
vants (fig. 1) : 

- le centre, bien desservi et bien kquipk regroupant 
Ies anciens quartiers denses. I1 comprend les deux 
grands marchks de la ville et la mairie centrale ; 

- le pkricentre, kgalement dense et populaire, pro- 
che des voies bitumkes ; 

- la pkriphkrie lotie rassemblant des populations de 
classes moyennes et pauvres kloignkes du centre ; 

- les quartiers riches constituks de zones oh la po- 
pulation est globalement plus riche que la moyenne ; 

- la pkriphkrie lointaine B habitat spontan6 peu ac- 
cessible par la route, trks kloignke du centre-ville et 
hkbergeant les habitants les plus pauvres de la ville. 

3.2 Des pauvres repoussis loin du centre-ville 

Cette typologie, confirmke par les donnkes de l'en- 
quete menages, montre la skgrkgation kconomique et 
gkographique entre les plus riches et les pauvres, ces 
derniers se retrouvant dans les nouvelles pkriphkries 
et notamment sur la rive droite du fleuve. 

En particulier, en ce qui concerne les homnes, les 
individus aisks habitent plus largement dans la pkri- 
phkrie lotie ou les quartiers riches. Les h o m e s  mo- 
destes logent kgalement plut6t dans le pkricentre 

Tableau I .  RCpartition de la population en fonction du niveau 
de revenus (en %) et revenu moyen individuel par cattgorie. 

Nombre % / total par Revenu moyen 
d'individus sexe dtclarC de l'indi- 

vidu en FCFA 
Femrnes 
Pauvres 626 86 4 000 

Modestes 87 12 91 000 

AisCes 13 2 226 000 

Hornrnes 
Pauvres 329 52 24 000 

Modestes 236 37 97 000 

AisCs 69 11 320 000 

Total 1360 100 47 000 

Figure I .  Typologie des quartiers de la ville de Niamey. 

mais peu dans les quartiers riches ou la pkriphkrie lo- 
tie. Enfin, les plus pauvres habitent quant 5 eux les 
pkriphkries lointaines et le pkricentre, et ils sont pra- 
tiquement exclus des quartiers riches. Si 6 % d'entre 
eux y rksident, c'est qu'ils occupent des mktiers de 
gardiennage dans les villas. En conclusion, plus les 
individus sont pauvres, plus ils sont kloignks du cen- 
tre-ville. 

Pour les femmes pauvres, ce ph6nomkne est attk- 
nu6 puisque leur quartier d'habitation ne dkpend pas 
totalement de Ieur propre revenu mais principalement 
de celui de leur kpoux 6ventuel. Elles habitent donc 
plut8t le centre-ville, les pkriphkries loties ou lointai- 
nes et le pkricentre. Elles sont donc quasiment ex- 
clues des quartiers riches mais elles habitent dans 
tous les autres quartiers. 

Cette exclusion des quartiers centraux entraine 
des difficultks dans l'accks aux services administratifs 
tels que la Mairie ou aux grands marches de la ville 
par exemple puisque le transport coBte cher. Ce der- 
nier exemple montre comment la pauvretk est i l'ori- 
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gine non seulement d'une localisation du quartier 
d'habitation spkcifique mais kgalement d'une fiC- 
quentation relativement plus exclusive de cet espace, 
ainsi que le confrme 1'Ctude de la mobilitC des pau- 
vres. 

4 FREQUENTATION DU QUARTIER 
D' HABITATION 

Lanalyse de la pratique quotidienne du quartier d'ha- 
bitation passe B la fois par une approche en termes de 
rtpartition spatiale des dkplacements et de modes 
utilisis, que nous l'analysons dans un premier temps, 
mais Cgalement de motifs de dkplacements, Ctudiks 
dans une seconde partie. 

4.1 Re'tre'cissernent de la zone pratique'e dans le 
quartier 

A priori, le quartier d'habitation est d'abord un lieu 
ou l'on se dkplace B pied, cependant la richesse per- 
mettant l'accks il des modes motorisks, il existe des 
disparitks, miime sur des petites distances, entre les 
modes de dtplacements utilisks par les pauvres, les 
modestes et les aisCs. 

L'offre de transport public B Niamey est faible, les 
bus sont peu rCguliers et principalement destinCs aux 
fonctionnaires, les taxis restent chers pour les plus 
pauvres et ne desservent que rarement les quartiers 
de la pCriphCrie lointaine. Sans accks aux modes 
motorisis, les plus pauvres se trouvent en cons& 
quence contraints B se dCplacer globalement moins 
mais proportionnellement plus dans leur quartier 
d'habitation que les autres. Cette observation se vCri- 
fie pour les homnies (tableau 2) c o m e  pour les 
femmes. Cette importance relative est Cgalement vC- 
rifiee quant au nombre de dtplacements dans le 
quartier : les individus, h o m e s  ou femmes, se dC- 
placent plus dans leur quartier d'habitation que les 
autres (voir le tableau 2 pour les hommes). 

Enfin, en termes de modes utilisCs dans les dkpla- 
cements internes au quartier d'habitation, il existe 
Cgalement des differences entre les pauvres, les mo- 
destes et les aisCs, notamment chez les hommes puis- 
que ce sont eux qui ont accks, dans un niknage, aux 
modes motoris&. Ainsi. les individus aisCs vont utili- 

Tableau 2. MobilitC urbaine totale des hornrnes et part de la 
mobilitC interne au Quartier d'habitation en fonction du niveau 
de revenus (en %). 

MobilitC urbaine MobilitC interne Part de la 
quotidienne (depl./jour/ind.) rnobilitC - -  
(depl ./jour/i nd .) interne (%) 

Pauvres 4,9 2,6 52 

Modestes 6,7 2,O 29 

AisCs 6,6 1,3 20 

ser leur vdhicule particulier dans prks de la moitiC de 
leurs dkplacements internes ce qui ne sera jainais le 
cas pour les individus modestes ou pauvres qui n'en 
ont pas (fig. 2). 

Cette observation montre que non seulement les 
individus, pauvres sont contraints de concentrer une 
part de leurs activitCs sur le quartier mais sans doute 
Cgalement sur une partie plus restreinte autour de 
leur logement, celle accessible i pied. 

4.2 Concentration ge'ographique des activite's 

Les motifs de dkplacements ont 6tt repartis en trois 
categories : la premikre se rapporte B l'exercice de la 
profession, et est not& "motifs professionnels" ; la 
deuxikme est relative B l'entretien des relations so- 
ciales par les visites rendues, la participation h des 
CvCnements collectifs et les loisirs (bar, cinCma ...), 
elle est not& "motifs de SociabilitC'' ; la troisikme 
concerne l'entretien quotidien du mCnage g r k e  aux 
achats ou il l'approvisionnement en eau ainsi que la 
pratique religieuse, elle est notee "motifs domesti- 
ques". 

A l'intkrieur du quartier d'habitation, les differen- 
ces les plus frappantes s'observent chez les femnes 
(tableau 3). Cependant, quel que soit le motif, les 
pauvres se dCplacent plus dans leur quartier que les 
non pauvres. 

En ce qui concerne les motifs professionnels, les 
h o m e s  pauvres se dkplacent plus que les autres 
dans leur quartier d'habitation. En fait, ce dernier a 
sans doute CtC choisi en fonction de contraintes fi- 
nancikres qui impliquent des impkratifs de proximitk. 
Cornme les deux ne sont pas toujours conciliables, le 
taux de deplacements internes pour ce motif reste 
peu important. En revanche, pour ce motif, les dCpla- 
cements des femmes pauvres se dCroulent autant 
dans le quartier que ceux des femmes modestes. En 
effet, ces dernikres travaillent essentiellement dans la 
fonction publique, ce qui les oblige B aller dans les 

Figure 2. RCpartition modale des dCplacements internes au 
quartier d'habitation des hornmes. 
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Tableau 3. Proportion de dkplacements internes au quartier 
d'habitation dans la mobilite urbaine totale par motifs de dk- 
placements (en %). 

Motifs profes- Motifs de Motifs domes- 
sionnels sociabilitk tiques 

Femmes 
Pauvres 32 51 73 

Modestes 32 40 27 

Hotntnes 
Pauvres 21 44 77 

Modestes 12 32 60 

AisCs 8 23 39 

quartiers centraux regroupant les services adminis- 
tratifs. Cependant, du fait de leur relative richesse 
elks ont plus accks B ces zones. Les actives pauvres 
sont, quant i elles, de petites comerGantes pouvant 
exercer leur mttier B proximitt de leur quartier mais 
cherchant tgalenient des lieux de passage c o m e  les 
marches centraux. 

En outre, plus les individus sont riches, plus les 
dkplacements pour motifs de sociabilitt ont une ex- 
trkmitk hors de leur quartier. Mais le nombre moyen 
de dtplacements pour ce motif par jour et par indivi- 
du est le meme quel que soit le niveau de revenus. En 
conskquence, la possibilitk de se dkplacer en ville im- 
plique bien un "tclatement" gtographique de rtseau 
social qui ne se restreint plus 5 la proximitk du loge- 
ment. Les pauvres au contraire, soit qu'ils aient cher- 
cht B se rapprocher des amis ou des parents, soit que 
les relations se soient crtkes aprks leur emmtnage- 
ment, priviltgient leur quartier pour rendre des visi- 
tes ou voir des amis. 

Enfin, les dkplacements des femmes pauvres et 
des hommes pauvres ou modestes pour motif de vie 
quotidienne, se dkroulent majoritairement dans le 
quartier d'habitation. En fait, les individus aists ont, B 
proximitt de leur logenient, peu de commerces puis- 
qu'ils prkferent les quartiers rksidentiels tandis que les 
individus plus pauvres habitent des lieux plus popu- 
laires O ~ I ,  B cause des contraintes financikres, ils favo- 
risent la prospCritk de petits commerces. 

En conclusion, on observe une rtelle concentra- 
tion des activitks et des lieux pratiquts de la part des 
populations pauvres sur leur quartier d'habitation. 
Une des corrklations en est le dkveloppement de re- 
prksentations spatiales particulikres, dans lesquelles 
cet espace occupe une place priviltgike. 

5 L'IMPERATIF DE PROXIMITE 

Les exigences exprimkes vis-5-vis du quartier d'ha- 
bitation varient Cgalement avec le revenu. Ainsi, le 
dksir de dtmknager est plus important chez les aisCs 
que chez les pauvres, notamment chez les hornmes 
(tableau 4), ce qui s'explique en partie par le dive- 

loppement d'un sentiment fataliste pour ces derniers 
qui se sentiraient dkmunis et impuissants B modifier 
leur situation. Cependant, ce peut etre aussi la con- 
sequence de l'existence d'un rtseau de relations dense 
sur le quartier, qui augmente l'ancrage affectif. 

De plus, c o m e  le dksir de dtmknager est lit B la 
volont6 de monter dans l'kchelle sociale, les destina- 
tions envisagtes dkpendent du niveau de revenus : les 
plus pauvres dCsirent se rapprocher du centre ou du 
pkricentre, les individus modestes prtferent la pkri- 
phkrie lotie tandis que les aists dksireraient habiter 
ou rester dans les quartiers riches. 

Les reprksentations spatiales sont Cgalement le re- 
flet de l'importance du revenu dans les relations des 
citadins pauvres avec leur quartier d'habitation. Quel 
que soit le sexe, habiter un endroit peu cher reste une 
des prioritks des pauvres : 31 % des h o m e s  ou des 
femmes pauvres dksignt ce critkre c o m e  ttant im- 
portant pour un quartier d'habitation alors que ce 
n'est le cas que d'environ 20 % des hommes et des 
femmes modestes et de 13 % des h o m e s  aisks. 
Cette forte contrainte implique donc des exigences 
diffkrentes entre les pauvres et l'autre partie de la po- 
pulation. 

Ami,  les h o m e s  pauvres s'intkressent plus B leur 
quartier que les individus aists en termes de services 
de proximitC, ou de sociabilitk par exemple, sans 
doute parce qu'ils souffrent plus des lacunes de leur 
environnement 2 ce niveau. De fait, si 64 % des 
h o m e s  pauvres dkclarent qu'il est important d'avoir 
des parents ou des amis c o m e  voisins, ce n'est le 
cas que de 48 % des h o m e s  modestes et de 29 % 
des hommes aisks. En conskquence, les individus ai- 
sks ou modestes ayant plus les moyens de se dkplacer 
en ville ont des exigences relatives B la qualitt de leur 
habitat et 5 son confort inttrieur : un tiers des hom- 
mes pauvres pensent qu'etre raccordk aux rtseaux 
d'eau et d'klectricitk est important contre 46 % des 
h o m e s  modestes et prks de 60 % des hommes aists 
par exemple. 

C'est tgalement le cas des f e m e s  pauvres mais 
sur un autre aspect. En effet, elks cherchent surtout 
B kprouver un sentiment de stcuritk et de calme l B  oh 
elks habitent : 37 % d'entre elks choisissent le calme 
du quartier c o m e  ktant l'une des trois qualitks les 
plus importante contre 31 % des femmes modestes. 
Ce dksir vient du fait que les femmes pauvres se 
sentent sans aucun doute isoltes dans leur quartier, 
elks dksireraient avoir des relations de proximitC plus 
denses qui les rassureraient et qui auraient l'avantage 
de reprksenter une assurance en cas de problkme : les 
deux tiers des femmes pauvres dkclarent qu'avoir des 
parents et des amis est important contre 56 % des 
femmes modestes. Or, plus que tous les autres, les 
pauvres sont ceux qui ont le plus de difficultCs B en- 
tretenir des relations sociales bastes sur les rkseaux 
traditionnels car, d'une part, leurs capacitts d'accu- 
mulation et de redistribution sont compromises et, 
d'autre part, ils ne peuvent pas aller chercher l'aide 
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dont ils auraient besoin. Sur ce dernier point, nous 
avons en effet vu que pour les pauvres les dkplace- 
ments pour motifs de sociabilitk se dkroulent plus 
dans le quartier d'habitation. De fait ils sont plus iso- 
16s socialement que les aisks puisqu'ils sont kgalement 
isolks gkographiquement. 

6 CONCLUSION 

Les mknages pauvres sont ainsi confinks B l'intkrieur 
de leur quartier. Cette situation est like au manque de 
moyens de transport et a la localisation de leur habi- 
tat dans les ptriphkries. Elle les empEche de frk- 
quenter une ville qu'ils connaissent peu et vers 
laquelle ils ne voudront en conskquence pas obliga- 
toireinent aller. Ce cercle vicieux induit une reprk- 
sentation spatiale replike sur le quartier d'habitation, 
de type villageoise oh la proximitk des services, des 
amis et des parents est primordiale. C'est elle qui, 
notamment pour les femmes, est la garante d'une 
certaine skuritk. 

Au contact mEme de cet environnement, plus frt- 
quemment que les mknages aisks, ils en ont une re- 
prksentation concrkte, avec des exigences pratiques 
(notamment chez les femmes). L'attachement au 
quartier est inhkrente a cette situation car, du fait 
d'une frkquentation importante et quotidienne de son 
quartier << l'identitk des habitants aura plus 
d'occasions pour se nourrir et les liens tmotionnels 
avec le quartier pourront Etre forts >> (Nosclus, 1984, 
p.143). Mais il faut noter que cette attitude est aussi 
la conskquence d'un espace urbain plus subi que 
choisi, compte tenu des contraintes financikres aux- 
quelles ils doivent faire face et qui rkduisent les choix 
du quartier d'habitation : on ne reconstruit 
<< qu'aprks coup >> un environnement skcurisant. Si, 
pour les aisks, il est plus facile de le faire, les pau- 
vres, par exemple, ont besoin de faire rCftrence a des 
repkres plus traditionnels basks sur la solidaritk. 

La mobilitk quotidienne qui en est B la fois une 
conskquence et une cause porte le reflet de ces reprk- 
sentations : le quartier d'habitation est un lieu de vie 
activement pratiquk. Ainsi, si ce quartier n'est pas 
pourvu en services, que ce soit en rkseaux d'eau ou 
d'klectricitt, en dispensaires ou en kcoles par exem- 
ple, les pauvres seront exclus d'une partie des avan- 
tages urbains. On peut ici supposer alors que les be- 
soins de dtplacements hors du quartier existent parce 
que les individus doivent aller travailler ou s'approvi- 
sionner par exemple. Mais ils ne peuvent que diffici- 
lement Etre satisfaits. Or les pauvres reprksentent la 
rnajoritk de la population urbaine. Les solutions A 
proposer sont multiples pour limiter le dtveloppe- 
ment de cette exclusion. Si l'on veut dkvelopper une 
politique en transports publics efficace en rkpondant 
aux besoins des populations et si les amknageurs 
veulent favoriser le dkveloppement d'une rkelle cohk- 
rence urbaine en kvitant la skgrkgation sociale entre 

quartiers, il faudrait, par exemple, augmenter l'acces- 
sibilitk des diffkrentes parties de la ville pour ces po- 
pulations isolkes ou enclavtes. Lamklioration du rk- 
seaux de transport public en termes de desserte et de 
coljt en constitue sans aucun doute l'un des meilleurs 
moyens. Une autre solution peut Etre de favoriser le 
dkveloppement de petits centres B l'inttrieur des 
quartiers, comprenant en partie des annexes des ser- 
vices urbains, tout en amkliorant la qualitk de des- 
serte des rtseaux d'eau et d'klectricitk. Elle permet- 
trait l'accks B une certaine qualitk de vie like A la ville 
du plus grand nombre, et notamment des femmes 
pauvres, gknkralement inactives, pour qui ces servi- 
ces de proximitt sont primordiaux. 
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ABSTRACT: This paper examines the transport constraints of the urban poor, and reviews interventions that 
have been targeted specifically at these problems. Hence it identifies how transport contributes to the sustain- 
able livelihoods of the urban poor, and what transport policy actions and initiatives can be implemented in 
support of urban poverty relief programmes 

RESUP&: Cet article analyse les pi-oblemes de deplacements des pauvres urbains, et evalue les interventions 
qui  visaient B atteindr-e ces problemes. II demontre le contribution de transport en la vie durable des pauvres 
urbains, et des politiques et des stategies de deplacements urbains pour reduire la pauvrete. 

RESUMEN: En este articulo se presentan las limitaciones del transporte de la gente pobre en regiones ur- 
banas y se examinan las medidas que se han tomado. Tambien se enfatiza la importancia del transporte para la 
vida del este sector de la poblacion y las acciones necessarias para aligerar 10s problemas. 

1 INTRODUCTION 

The British Government's policy on international 
development underlines a commitment to the elimi- 
nation of poverty, in line with internationally agreed 
development targets (DFID, 1997). The strategy 
adopted by the Department for International Devel- 
opment (DFID) to achieve this aim has three main 
coin p o nen t s : 
- Policies and actions which promote sustainable 
livcli hoods 
- Better education, health and opportunities for poor 
people 
- Protection and better management of the natural 
and physical environment 

A sustainable livelihoods analysis is particularly 
useful for targeting poor people's needs. This ap- 
proach is centred on people and their assets, and 
seeks to identify strategies by which they can im- 
prove their livelihoods through better access to basic 
needs and opportunities. A multi-sectoral approach 
is required to understand a community's livelihood 
strategies (based on their assets and opportunities) 

and the livelihood outcomes they are struggling to 
achieve. Transport is but one component in this 
framework, and its application may vary greatly 
with developments in other sectors. 

In order to ascertain the best means of improving 
the transport network to the benefit of the urban poor 
the following issues need to be considered: 
- The problems which the urban poor face regarding 
their access and mobility (including factors such as 
availability of transport, cost, safety, frequency of 
service, etc.), and how these impact on their liveli- 
hoods. 
- The role for transport development as a means of 
benefiting the poorer members of society, and the 
experience in adopting these means. 

Thus this paper examines the particular transport 
constraints of the urban poor, and assesses interven- 
tions that have been targeted specifically at these 
problems. Hence, it identifies how transport contrib- 
utes to the sustainable livelihoods of the urban poor, 
and what transport policy actions and initiatives can 
be implemented in support of urban poverty relief 
programmes, and to what effect. 
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2 THE CHALLENGES 

‘Urban development can be a very positive element 
in a country’s overall economic and social develop- 
ment.’ Furthermore ‘opportunities [in development] 
inay be easier to take up i i i  urban rather than in rural 
areas, whether because of economies of scale or be- 
cause urban society is inore fluid, less fixed in its 
ways, or more modern.’ ‘The success of many of 
the key objectives of development strategy are tied 
up i n  our approach and follow-through on urban is- 
sues.’(Various speakers from ‘Cities i n  the 1990s’, 
Harris, 1992.) 

Urban areas are growing rapidly in the developing 
world. However, much of this growth is among the 
poorer sections of the community, inany of whom 
have moved to the city in order to obtain employ- 
ment and improve their living standards. In reality 
both migrants and indigenous urban poor are faced 
with the prospect of bleak livelihoods, and they inay 
be forced to live in peripheral areas with few basic 
amenities and poor services. With continuing ur- 
banisation it is likely that the sector of society 
known as the urban poor will increase substantially. 

Within this context of increasing urbanization, the 
ag en d a fo I- u r b a i i  d ev el o p men t con t ai i i  s t h ree key 
challenges (Cohen, 1992), namely: 
- Ameliorating poverty 
- Enhancing productivity 
- 

Ainelioi-ating poverty requires an increase in the 
demand for labour (perhaps through encouraging la- 
bour intensive measures), investing in  health and 
education, and providing ‘safety nets’ and coinpen- 
satoiy payments to redress transitional problems, 
Enhancing productivity is constrained in the extent 
and provision of urban infrastructure, the enabling 
(regulatoiy) environment for the provision of iiifi-a- 
structure and services, the administrative capacity of 
local government, and the sourcing of finance. Safe- 
guarding the environment, including aspects such as 
road safety, is of concern because it impacts directly 
on individual perforinaiice and productivity, and is 
clearly connected to urban poverty. Longer-term is- 
sues such as global climate change are also a inajoi- 
concern. 

Iinproveinents i n  access to einployinent oppoitu- 
nities, health-care, schools and other basic amenities 
are one means of addressing this urban agenda. As 
Gannon and Liu (1 997) note, most direct policy- 
targeted interventions (schools, health clinics, social 
services, etc.) are dependent upon transport for their 
effectiveness. They argue that there is a need to 
strengthen the direct role of transport policy inter- 
vention in order to help reduce poverty. 

Protecting and improving the eiivii-oninent. 

The World Bank (1996) have suggested that the 
transport problems of the poor, particularly the ur- 
ban poor, need to be addressed through. 
- Directly targeting these problems 
- Iinproving physical access to jobs and amenities 
and reducing “excessive” walking times 
- Reducing barriers to inforinal supply of transport 
(subject to reasoiiable safety levels) 
- Enabling greater use of non-motorised transport 
by eliminating fiscal and financing impediments to 
vehicle ownership and improving infrastructure 
- Eliminating gender biases by integrating the trans- 
port needs of women into the mainstream of trans- 
port policy and planning 

More recent work to understand poverty, eg for 
the World Bank (1999), has underlined the need for 
employment. It has also stressed the importance of 
cost reduction and of greater security i n  eliminating 
poverty 

3 THECONTEXT 

Third World cities present a range of development 
characteristics, dynamic growth patterns, transport 
infrastructure and operations, and social customs 
that defy all but the broadest generalisations. Even 
so, it is iiiipoitant to under-stand the processes aiid 
interactions that drive transport demand if transport 
planners are to contribute positively to the geiiei-a1 
debate about urban develop in e t i  t . 

As cities expand travel demand grows at a dispi-o- 
portionately higher rate, mostly from the urban poor. 
It is also evident that trip movements become fo- 
cused on corridor travel feeding into the city centre; 
once a city reaches a population of about 2-3 mil- 
lion, corridor flows inay reach up to 20,000 passen- 
gers per hour per peak direction. Corridors and city 
centres which have to handle this level of demand 
are prone to endemic aiid prolonged road traffic 
congestion, because of the inadequate capacity of 
the infi-astnicture to carry both private and public 
vehicle flows. Public transport is potentially the 
most efficient carrier and that which serves the ma- 
jority of travellers, but it cannot deliver an effective 
seivice in these conditions; journey times and wait- 
ing times become long and unreliable. In addition to 
the reduced productivity of vehicles, resulting in  
lower revenue earning potential, the financial posi- 
tion of operators is often weak. Iii these circurn- 
stances the prospect for improved public transport 
services is grim; operators cannot afford new iii- 
vestment when they can scarcely cover the depre- 
ciation on existing stock. 
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Froin the traveller’s viewpoint the main concerns 
are adequate access to facilities in reasonable time at 
an acceptable service standard and at an affordable 
cost. Even i n  the short-term, transport planners and 
operators are struggling to satisfy these needs. In 
doing so they face mounting costs as central area ac- 
cess and congestion problems worsen with increas- 
ing city size. 

The urban poor are very much at the centre of this 
environment, because they and are so dependent on 
public transport for their access and mobility. They 
have little option but to suffer the deteriorating 
service whilst all the resulting costs are dispropor- 
tionately high for poor people in relation to their 
very limited assets. The very poorest of the urban 
poor, together with other transport disadvantaged 
like women and children, inay not even have access 
to public transport to meet their access and mobility 
needs. 

This situation will only deteriorate further as cities 
grow and options for further infrastructure develop- 
ment are limited by available finance and environ- 
mental concerns. Ultimately, if the transport system 
cannot respond to these pressures, then other land- 
use developments inay take control, leading to un- 
structured and diffuse city growth, and even the at- 
rophy of the city centre. 

Various transport policy options have been 
adopted by different cities to address these issues, 
though there is little empirical evidence as to what 
effects these measures have had, particularly with 
regard to the travel needs of the urban poor. In any 
case, it is not always evident what the objectives are 
in  introducing these measures, and hence it is diffi- 
cult to judge their effectiveness. 

4 IMPROVING THE ACCESSIBILITY OF T€-E 
URBAN POOR 

There is a range of measures that could be adopted, 
either individually 01- as a package, to meet these 
objectives. They broadly fall within the categories of 
sup p 1 y - si d e techniques (i n fl u en ci ng t 11 e capacity and 
efficiency of services and infrastructure) and de- 
mand-side management (influencing travellers’ de- 
inand and use of the available services). 

Many authorities have suggested that tight regula- 
tory control of the public transport sector restricts 
competition and choice. These measures, which inay 
specify market entry qualifications, route allocation, 
and prescribed fare levels, are often imposed to pro- 

tect a publicly owned incumbent. The resulting 1110- 
nopoly service is likely to be inefficient and finan- 
cially unsound. However, some forin of regulation 
inay still be helpful in order to rationalise the use of 
infrastructure capacity in relation to the deinaiid 
level of different routes (White 1990). 

By-and-large, it is now generally agreed that pub- 
licly owned transport operators are likely to be par- 
ticularly inefficient, and there has been a world-wide 
movement towards privatising such capacity How- 
ever, privately run concerns are equally prone to cor- 
ruption, monopolistic practice (and resulting ineffi- 
ciency) and to generally bad operating practice 
which is not in the users’ interest Examples abound 
of the monopolistic powers of union-organised pub- 
lic transport (e g Fouracre et al, 1994), and the 
power of such groups to curtail inarket entiy and 
force up tariffs (e g Darbera, 1993) Maunder and 
Mbara (1996) argue strongly for some forin of 
regulation and control, even within a liberalised op- 
erating environment, to safeguard the interests of us- 
ers 

Community participation in bus operations has 
long been tried and tested in  rural communities of 
the developed world A few interesting develop- 
ments along these lines are beginning to emerge in 
developing cities like Faisalabad and Lahore in 
Pakistan (Russell and Anjuin, 1998), and Cape 
Town (Cronje, 1998) 

A common policy where the urban public transport 
system is publicly owned is to encourage artificially 
low fares, as a means of supporting the urban poor 
This inay be achieved i n  some cases by cross- 
subsidy froin more profitable routes, or more likely, 
and inore directly, froin government (local or cen- 
tral) sources as a blanket subsidy However, artifi- 
cially low fares result in problems such as over- 
crowding, loss of revenue from better-off 
passengers, reduced incentive to operate competi- 
tively and lack of vehicle replacement, because of 
insufficient investment provision (Parker, 1983) 

Many observers (e g Gannon and Liu, 1997), 
have noted that public transport subsidy can be open 
to abuse, and is a source for encouraging ineffi- 
ciency within the bus industry If subsidy is justified 
on policy grounds, then carefitl design and monitor- 
ing are required to ensure that the policy objective is 
achieved (Brazilian cities have a novel system, vale- 
transpoite, whereby employers must, by law, buy 
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and distribute public transport tickets to their em- 
ployees. Employers can, as an alternative, provide 
staff transport. They can also withhold up to 6 per 
cent of salary to help defray the cost of purchasing 
the tickets.) 

4.4 Investnierit i n  public transport 

Investment in ur-ban public transport has a recent 
histoiy of high financial risk, and a strong likelihood 
of loss making Operating conditions within the ur- 
ban environment restrict the possibility of high vehi- 
cle output, and the level of fares is equally restricted 
(usually for political reasons), discouraging invest- 
ment Where private capital is invested, risk is 
minimized by focusing on high demand routes, or on 
contracted routes and services (for which local 
authorities guarantee a subsidy) and also by avoiding 
or neglecting weak markets (which might well in- 
clude the communities) Private entrepreneurs will 
also be attracted where capital investment is minimal 
(the price of an old saloon car, say) and operating 
costs can be contained by using very cheap and often 
untrained labour, as for example in setting up the 
inany paratransit services on offer 

The capital costs of many of the mass transit sys- 
tems which require substantial dedicated infrastruc- 
ture are usually high and therefore may not present a 
viable option in improving accessibility for the ur- 
ban poor. This is particularly true of Light Rapid 
Transit (LRT) and Metro schemes, which have been 
used in developing cities, but need to be targeted at 
higher income areas, where the necessary high fares 
are affordable 

Rationalising the use of the capacity of existing road 
and bus networks requires relatively modest capital 
investment and will usually constitute a much more 
economical investment than new high cost schemes 
such as LRT. Possibilities include bus priority 
measures and segregation. Busway transit has also 
been used in a number of developing cities. Its per- 
formance can equal that of most LRT systems and 
inany metros. 

These measures deliberately resolve the conflicts 
for the inadequate capacity of the main urban routes 
i n  favour of public transport. This can improve 
transport in several ways: 
- efficiency and capacity of public transport opera- 
tions are substantially improved. 
- disadvantages to private traffic are significantly or 
wholly offset by the more organised regime. 

- reduction of congestion brings major environ- 
mental benefits as well as operating economies, 

4 6 Investment i i i  itfrastritctitre 

A large proportion of the population of developing 
cities depend upon walking, cycling or using public 
transport, and hence it seems appropriate to target 
investment towards these forms of transport. The 
World Bank (1975) stated that in order to improve 
accessibility, making "better use" of the existing 
network is more appropriate than building more 
roads. 

Many have noted that traditional non-motorised 
transport (NMT) modes such as bicycles, carts and 
rickshaws have been ignored by transport planners 
in favour of more costly modes, when non- 
motorised transport may provide a more appropriate 
solution to some transport problems (Repiogle, 
1991). Experience has not always matched expecta- 
tion. For example in Pune, India, there is a segre- 
gated cycle-only lane, but it is used more by motor- 
cyclists than cyclists. Cycleways are also provided 
in Harare, Zimbabwe and again they are not very 
well utilised. This is because culturally, cycling in 
Zimbabwe as elsewhere i n  Africa, appears not to be 
a socially acceptable mode of transport. 

4.7 Intepatiori of transport nnd Inid-rise plmnipig 

There is a continuing debate as to the preferred na- 
ture of urban development and also the contribution 
that transport development can make in this context 
There have been very few successful examples of 
transport planning being integrated with urban de- 
velopment One such is that of Curitiba in Brazil 
(Fouracre, 1975), with its high density development 
spines built around public transport corridors 

That the city should be managed to influence 
travel has long been advocated Dadoma, the new 
capital city of Tanzania is an example However, its 
development has been exceedingly delayed, and so it 
is difficult to comment on the impact of the design 
on travel demand Chandigarh in India is another, 
earlier example of planned development whose 
transport effectiveness has not been seriously ana- 
lysed 

Aside from building new towns, there is the ques- 
tion of whether, how and to what purpose estab- 
lished cities can be restructured Restructuring seems 
to be a particular concern of inany South African 
cities, trying to redress the inequities caused by 
apartheid planning Cape Town, for example, is de- 
veloping an integrated Metropolitan Spatial Devel- 
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opinent Framework (MSDF), which sees as one key 
plank the intensification of development at selected 
commercial and residential activity nodes and along 
connecting activity corridors (Naude and Crous, 
1998). 

5 THEWAYFORWARD 

'Much remains to be learned about the dynamic links 
between transport and poverty, particularly in the ar- 
eas of regulation, subsidy and cost-effectiveness of 
transport interventions compared with other sectoral 
interventions (for example, in education and health 
care). A systeinatic effort is needed to undertake 
case studies to improve our understanding [of the di- 
rect impact and final incidence of net benefits of 
transport projects].' (Gannon and Liu, 1997) 

The literature demonstrates very clearly that there 
is a problem in respect of the access and mobility of 
the urban poor. The empirical evidence indicates the 
nature of the problem i n  terms of unacceptable travel 
conditions, high expenditure, and long and unreli- 
able journey times. There is some evidence of inter- 
ventions that have been adopted by authorities to try 
to redress these travel problems of the urban poor. 
These 1-ange from subsidies (in various forms) to 
sector restructuring, and from transport infrastruc- 
ture investment to new town development. What is 
largely missing from the literature, however, is an 
explicit examination of how these and other urban 
p I an n i ng and transport develop in e n t s have i in p act ed 
on the urban poor. Neither does the literature exam- 
ine how the poor continually adjust over time to a 
changins living and working environment, and how 
transport adjusts in  response. As a result, the litera- 
ture is not particularly instructive in what measures 
could be adopted to support the accessibility of the 
urban poor, and what are the likely implications of 
these measures, based on case-study evidence. 

Main areas of research which would contribute to 
policy development, fall into two categories, 
nain el y : 
- A basic understanding of activity patterns of indi- 
viduals, households and coinmunities; 
- Impact studies of transport interventions. 

- There is a need to better understand the activity 
patterns of the urban poor, relating these to house- 
hold attributes, as well as to different patterns of so- 
cial organisation and urban structure. The aim would 
be to identify how access and mobility needs are re- 
lated to differences in these attributes, and hence the 

extent to which policy initiatives (e.g. different ap- 
proaches to health care provision) influence travel 
generation. 
- Urban-rural linkages are important aspects of urban 
livelihood. There is a need to understand these link- 
ages in the urban context, and to examine the role of 
transport in supporting them. 
- Sustainable livelihoods analysis is being assessed 
for urban development; within this approach the role 
of transport must be clear. 

5.2 In7pnct Stinu'ies 

- Impact of urban restructuring (eg development of 
new towns and satellite cities, or internal restiuctur- 
ing directly aimed at the urban poor. There are 
inany examples of such developments, but little 
awareness of the role of transport and with what the 
impact. Even less clear are the dynamics of urban 
poor settlement, and how transport reacts to these 
changes over time. 
- Impact of major infrastructure development (e.g. a 
metro, a major urban road or perhaps a bicycle net- 
work). DFID has fknded a impact study of the Cairo 
metro impact on the travel of the poor, but this is an 
isolated example of such an enquiry concerning a 
major urban transport development. Despite finan- 
cial concerns over metro development, there is con- 
tinual pressure from city authorities (particularly the 
larger cities) to invest in such schemes. The benefits 
to the urban poor of these capital intensive projects 
need verification. Likewise, the benefits of less 
costly schemes that may be better targeted at the ur- 
ban poor, like bicycle paths and pedestrian facilities, 
need to be objectively assessed. 
- Impact of public transport restructuring (such as 
the privatisation of an urban bus sector). TRL has 
earlier looked at the initial impacts of structural 
changes in the bus industry that have taken place in 
Harare (Zimbabwe). These changes initially in- 
volved public intervention in a privately run bus 
company. More recently other changes have been 
taking place including deregulation (to allow private 
sector competition from paratransit), and now there 
are proposals for returning the bus company to the 
private sector. The latter developments are now 
more typical of world-wide trends in transport op- 
erations, and could have significant impacts on the 
travel conditions of the urban poor. 
- Impact of policy and operational interventions 
(such as subsidies or new services) directly targeted 
at the urban poor. DFID is supporting research i n  
this field in Karachi, Pakistan, where a community- 
based transport programme is being developed by an 
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NGO. Other measures, like the Vale tariff subsidy 
systein in Brazil, also deserve examination. 

6 CONCLUSIONS 

Transport can make important contributions, both di- 
rect and indirect, to reducing urban poverty. To do 
this effectively iinproveinents in  transport services 
need to be associated with other investments and key 
policies which will: 
- Increase security of land tenure for the urban poor 
to underpin their benefits from targeted measures; 
- Optiinise labour employment in the delivery of key 
services and provisiodinaintenance of infrastructure, 
for example through public-private partnerships. 
- Facilitate local markets, which can supply basic 
household needs. 
- Strengthen basic health-care and education services 
for the coinmunity. 

DFID is using a sustainable livelihoods approach 
to better understand how policies related to the de- 
livery of transport and other services affect the lives 
of poor urban people. This work is informing 
DFID’s policy for human settlements and is contrib- 
uting to the World Bank’s current review of urban 
transport strategy. 

The paper has drawn attention to opportunities for 
increasing the availability of transport for poor peo- 
ple by giving priority to public transport in the use 
of available road space. When matched by appro- 
priate measures to restrain private vehicle use such 
an approach can deliver significant overall benefits 
through reductions in congestion. Field assessment 
is required to validate good practice for implement- 
ing such measures and to confirm their impact. 
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How changes in the economy of large metropolitan regions will affect mobility: 
The case of New York City 

J. Llanos 
INRETS (The French Institute for Transportation and Safety Research), France & Urban Infrastructure Institute, 
Polytechnic University, New York, N. Z, USA 

ABSTRACT: This paper presents the first results of a project that aims at analyzing how changes in the econ- 
omy of large metropolitan regions will affect mobility, particularly journey-to-work trips. For each zone of 
the New York City metropolitan region under the jurisdiction of the New York State, the changes in popula- 
tion, economy and employment are examined. The paper shows that the long trend towards a de- 
concentration of jobs, population and production from Manhattan, the core of the region, has been reversed. 
Productivity indicators that can be viewed as indicators of the attractiveness of each zone are constructed. It is 
demonstrated that journey-to-work trips are determined first by the proximity of the job location from the 
zone of residence, secondly by the attractiveness of Manhattan. Finally, the method used in this paper is ap- 
plicable to other metropolitan regions including developing ones that are facing economic and technology 
changes. 

RESUME: Cet article prksente les premiers resultats d’un projet qui a pour but d’analyser comment les 
changements dans l’economie des grandes regions metropolitaines vont affecter la mobilite, en particulier la 
mobilite vers le travail. La partie de la region metropolitaine de New York situee dans 1’Etat de New York a 
ete divisee en zones de densites contrastees. Pour chaque zone, les changements en population, production et 
emploi survenus de 1969 a 1996 ont ete etudies. I1 est montre que la tendance au desserrement de Manhattan, 
le centre de la region, en population, production et emploi, a ete inversee. Un indicateur de productivite a ete 
construit pour chaque zone; il peut etre consider6 comme un indicateur de l’attrait exerce par chaque zone. On 
montre que les deplacements domicile-travail sont determines d’abord par la proximite entre lieu de travail et 
lieu de residence, ensuite par l’attraction exercee par Manhattan. Enfin, la methode utilisee peut etre appli- 
quee a d’autre regions metropolitaines, de pays developpes ou en voie de developpement, qui sont con- 
frontees a des changements economiques et technologiques. 

1 NTRODUCTION 

Since the beginning of the 90s, there has been a re- 
newed concentration of population, employment and 
activities in Manhattan, the center of the New York 
metropolitan region while the Paris metropolitan re- 
gion has been, until recently, exhibiting the opposite 
trend. To understand the mechanisms that are at 
work under these phenomena of renewed concentra- 
tion (re-concentration) or de-concentration, it is nec- 
essary to analyze the changes in the economy of the 
regions. This paper presents the first results of a pro- 
ject that aims at analyzing how changes in the econ- 
omy of large metropolitan regions will affect mobil- 
ity, particularly journey-to-work trips. 

The New York metropolitan region extends over 
three States, New York, New Jersey and Connecti- 
cut. The region studied herein is the part of the New 
York metropolitan region under the jurisdiction of 

the New York State; it will be referred to as the Re- 
gion. 20 million inhabitants live in the New York 
metropolitan region. 12 million inhabitants live in 
the Region; that accounts for 5% of the total U.S. 
population (Census 1990) on 0.1% of the national 
territory. While the New York metropolitan region 
was offering 10.7 million jobs, New York City alone 
was offering 4 million public and private jobs (al- 
most 40% of the metropolitan jobs) and the County 
of Manhattan with 1.5 million inhabitants (7.5% of 
the metropolitan population) was offering 2.5 mil- 
lion jobs or 23% of the metropolitan jobs. 

From 1969 to the mid-90s, several restructurings 
changed the economy of the Region (Moss 1997, 
Llanos & Leiber 2000). The Region operates almost 
as an “autonomous” region for the Journey-To-Work 
Trips (JTWT) as shown by the following indicators: 
1 96% of the Region residents who are engaged in 

JTWT commute within the Region; 
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Figure 1 .  New York counties 

2 93% of commuters who commute to the Region 
to work are residents of the Region (the rest come 
from mainly New Jersey and secondly Connecti- 

From 1969 to 1996, the changes in population, 
economy, employment and, productivity in the Re- 
gion are analyzed respectively in sections 2, 3, 4, 
and 5.  The consequences of these changes on JTWT 
are shown in section 6. Conclusions will be drawn in 
section 7. 

cut). 

2 THE EVOLUTION AND DISTRIBUTION OF 
POPULATION 

Within the Region, 4 zones of different densities 
have been delineated: 

Zone 1, the center of the Region, consists of the 
island of Manhattan; density: 21 ,O 10 inhabi- 
tantdkm’; 

Zone 2 consists of the outer boroughs of New 
York City (except Staten Island): The Bronx, Brook- 
lyn, Queens; density: 9,520 inhabitants/km*; 

Zone 3, the suburbs, consists of the counties of 
Nassau and Suffolk on Long Island, the counties of 
Rockland and Westchester on the continent, and the 
county of Richmond which corresponds to Staten Is- 
land; density: 890 inhabitantslkm’; 

Zone 4, the exurbia, consists of the counties of 
Dutchess, Orange and Putnam; density: 140 inhabi- 
tants/km’. 

The average density of the Region is 1,170 in- 
habitants/km?: 8.5 times less than New York City’s 
density (9,940 inhabitantdkm’) and almost 20 times 
less than Manhattan’s. The population of each zone, 
and the distribution of regional population between 
the four zones are given for 1969 and 1996 in Table 
1. The percentage points of regional population lost 
by Zone 2 ( 5  points) have been gained by Zone 3 (3 
points) and by Zone 4 (2 points). However, these re- 
sults obscure the different trends occurred during the 
period: 
1 It is mainly during the 70s that Zones 1 and 2 lost 

population while population increased in Zone 3 
and 4 at a higher rate. 

2 Since 1993 the population of Zone 1 has grown 
the most and at the highest rate in the Region (Cen- 
sus and annual estimates do not capture a part of the 
illegal immigration; that leads to underestimating 
population in Zones 1 and 2. Zones 1 and 2 are al- 
ready developed and new housing is very limited. 
The difference in the cost of housing can also ex- 
plain the distribution of population: the cost in Zone 
1, except in some restricted areas, in much higher 
than in the other zones). 

3 THE EVOLUTION OF THEREGION’S 
ECONOMY 

From 1969 to 1996, the regional economy has 
grown at an average annual rate of 1.4%. The pro- 
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Table 1 .  Evolution and distribution of population in the Region 
from 1969 to 1996 

riod and, its production reached loyo of the regional 
economy in 1996. The other sectors of the regional 

Zones Population AV* Share** PPV*** economy maintained their level of production 

Zone 1 1,527,270 -1% 13% 13% 0% 
1996 1969 1996 (Transportation, Wholesale Trade, Retail Trade). 

Zone 2 5,408,996 -10% 50% 46% -5% 

Zone 4 678,270 38% 4% 6% 2% 
Region 1 1,84 1,298 -1 % 

Zone 3 4,226.762 8% 33% 36% 3 yo 

* AV - Variation from 1969 to 1996 **  
*** PPV - Population Variation in Percentage Points. 

Share - Share of regional population 

Table 2. Evolution and distribution of public and private Pro- 
duction in the Region for 1969 to 1996 

Zones Earnings’ AV** Share*”* PPV**** 
1996 1969 1996 

Zone 1 136,051,353 52% 54% 57% 2% 
Zone2 35,144,575 1% 21% 15% -7% 
Zone3 62,086,109 73% 22% 26% 4% 
Zone4 7,247,774 54% 3% 3% 0% 
Region 240.529,8 1 1 46% 

Earnings* - Earnings in  thousands of dollars of 1992 
AV ** - Variation from 1969 to 1996 
Share *** - Share of regional production 
PPV **** - Production Variation in Percentage Points. 

duction of each zone (The earnings from the public 
and private sectors have been used as a proxy for the 
production in each zone), and the distribution of re- 
gional production between the four zones are given 
for 1969 and 1996 in Table 2. The percentage points 
of regional production lost by Zone 2 (6.6 points) 
have been gained by Zone 3 (4.1 points) and by 
Zone 1 (2.3 points). 

As for population, these results obscure the dif- 
ferent trends that developed during the period: 
1 During the 70s, production declined in Zones 1 

and 2 while it increased in Zones 3 and 4. 
2 During the 80s, production increased in Zones 1, 

2 and 4 at an average annual rate higher than 3% 
while in Zone 2, the average annual rate was 
1.7%. 

3 From 1990 to 1996, production has been stagnat- 
ing in Zones 2 and 3, has decreased in Zone 4 
and, has increased in Zone 1 at an average annual 
rate of 1.8%. 

3.1 The changes in the regional economy 
The regional economy is now driven by the sector of 
Services and by the sector FIRE (Financial and In- 
surance industries and Real Estate) which repre- 
sented respectively 38% and 27% of the regional 
private sector production in 1996. This was not the 
case in 1969: Services represented 24% of the re- 
gional production equal to the Manufacturing sector, 
and FIRE represented only 14%. The Manufacturing 
sector began declining in the 50s (Moss 1997, Orr 
1997), continued declining through the studied pe- 

3.1,l The Manufactwing and Services Sectors 
During the 80s, restructuring in Manufacturing re- 
sulted in transfers of activities to Services. These 
two sectors together represented 49% of the regional 
production in 1969 and still 49% of the regional 
production in 1996. 

The transfers of production from Manufacturing 
to Services is more advanced in Zone 1 than else- 
where in the Region, and more advanced in the Re- 
gion than in the rest of the Metropolitan region. Both 
Manufacturing and Services accounted for 20% of 
the Metropolitan production in 1970 while they ac- 
counted respectively for 12% and 30% in 1995 (data 
from the U.S. Department of Labor, Orr 1997). 

3.1.2 The FIRE Sector 
Three trends can be observed from 1969 to 1996: 

1 The regional economy relies increasingly on the 
FIRE sector. 

2 The production of FIRE is increasingly concen- 
trated in Zone 1, Manhattan. 

3 In Zone 1, from 1990 to 1996, the average annual 
rate of growth in FIRE has been 10 times higher 
(6.69%) than the average annual rate of growth in 
Services (0.67%). 

4 THE EVOLUTION AND DISTRIBUTION OF 
EMPLOYMENT 

From 1969 to 1996, the Region gained 421,000 pri- 
vate jobs at an average annual rate of 0.3%: that is 
lower than the national average (2.2%), and lower 
than the average for the whole Metropolitan Regions 
of the USA (2.2%) during the same period. During 
the period, as shown in Table 3, the percentage 
points of the Region’s private employment lost by 
Zone 1 (9 points) and by Zone 2 (3 points) were 
gained by Zone 3 (10 points) and by Zone 4 (2 
points). As for population and production, these re- 
sults obscure the different trends that developed dur- 
ing the period (Llanos & Leiber 2000); these trends 
are: 
1 It is mainly during the 70s that Zones 1 and 2 lost 

jobs while employment increased in Zones 3 and 
4. 

2 During the 80s, employment in Zones 3 and 4 
grew at an average annual rate higher than in 
Zones 1 and 2. 

3 The national recession at the beginning of the 90s 
affected every zone and particularly Zone 1. 

4 Since 1993 employment in Zone 1 has grown at 
the highest rate in the Region. 
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Table 3. Evolution and distribution of private employment in 
the Region from 1969 to 1996 

Zones Number ofjobs AV* Share** PPV*** 
1996 1969 1996 

Zone 1 2,076,047 -12% 47% 38% -9% 
Zone 2 1,297,926 -5% 27% 24% -3% 
Zone 3 1,835,054 56% 23% 34% 10% 
Zone 4 254,729 77% 3% 5% 2% 
Region 5,463,756 8% 

AV* 
Share ** - Share of regional employment 
PPV *** - Private Employment Variation in Percentage Points. 

- Variation from 1969 to 1996 

4.1 The structural changes in employment 

From 1969 to 1996, Manufacturing exhibited the 
highest decrease in jobs while Services exhibited the 
highest increase in jobs. As for production, part of 
the jobs lost in Manufacturing were transferred to 
Services (Or 1997, Moss 1997). Except for Zone 2, 
job creation in Services has outweighed job losses in 
Manufacturing (Llanos & Leiber 2000). 

In the FIRE sector, while production has in- 
creased at an average annual rate of 4% from 1990 
to 1996, employment has only increased at an aver- 
age annual rate of 0.7%. In Manhattan (84% of the 
FIRE production), production increased at an aver- 
age annual rate of 7% from 1990 to 1996 while jobs 
decreased at an average annual rate of 2%. This re- 

Table 4. Indicators of private sector productivities per zone 
from 1969 to 1996 

Zones Productivity* AV** r*** 
1969 1996 

Zone 1 
Manufacturing 
FIRE 
Services 
Total Private Sector 

Zone 2 
Manufacturing 
FIRE 
Services 
Total Private Sector 

Zone 3 
Manufacturing 
FIRE 
Services 
Total Private Sector 

Zone 4 
Manufacturing 
FIRE 
Services 
Total Private Sector 

Region 
Manufacturing 
FIRE 
Services 

35 
38 
30 
34 

26 
16 
22 
25 

34 
18 
24 
27 

32 
14 
20 
26 

32 
30 
27 

65 
108 
48 
62 

28 
28 
25 
26 

48 
28 
29 
30 

45 
14 
22 
23 

48 
72 
35 
41 

84% 2.3% 
185% 4.0% 
56% l.7?’0 
81% 2.2% 

7% 0.2% 
78% 2.2% 
13% 0.5% 
7% 0.2% 

39% 1.2% 
58% 1.7% 
19% 0.7% 
14% 0.5% 

38% 1.2% 
-3% -0.1% 
7% 0.2% 

-9% -0.3% 

51% 1.5% 
140% 3.3% 
31% 1.0% 
39% 1.2% Total Private Sector 30 

dollars of 1992 
Productivity* - Earnings per year per sector in thousands of 

AV** - Variation from 1969 to 1996 
p**  - Average annual growth rate 

flects the increase in productivity due to the use of 
the new technologies of communication and data 
processing. In FIFE, restructuring continues spurred 
by the development of “on-line” services. 

On the whole, the restructurings that took place 
from 1969 to 1996 led to permanent job losses in the 
Region. 

5 THE EVOLUTION OF THE REGION’S 
PRODUCTIVITY 

The restructurings also led to a 39% increase in the 
Region’s productivity (as output per year per em- 
ployee) over the period. As a proxy for output or 
production, the earnings by sector have been used. 

IHowever, the productivity increase in the Region 
is mainly due to the productivity increase in Zone 1 
(81%) (Table 4). Productivity increased only by 
14% in Zone 3 and by 7% in Zone 2 while it de- 
creased by 9% in Zone 4. 

The productivity indicators can be viewed as in- 
dicators of the attractiveness of each zone of the Re- 
gion. 

6 THE EVOLUTION OF THE REGION’S 
MOBILITY 

From the Journey-To- Work-Trips survey data, the 
origin-destination matrices from zone to zone have 
been constructed (Llanos & Leiber 2000). 

6.1 The increase in the Region’s mobility 

In 1990, 5,370,000 residents of the region were en- 
gaged in Journey-To-Work trips. From 1970 to 
1990, mobility, defined as the number of persons 
who commute to work per day, has increased in each 
zone. While the Region’s population decreased by 
1%, the number of residents engaged in journey-to- 
work trips increased by 26% over the period; that 
can be attributed, to a large extent, to the much lar- 
ger involvement of women in the work force. In 
each zone, the ratio of commuters to population has 
increased as shown in Table 5 .  

Table 5 .  Evolution of the number of residents by zone who 
make Journey-To-Work Trips 

Zones Commuters Variation per Period 
1990 A70-80 A80-90 A70-90 

Zone 1 754.148 16% 1 1 %  28% 
Zone 2 2.254.850 -1% 12% 1 1 %  
Zone 3 2.049.43 1 32% 14% 50% 

Total fie- 5,370,035 1 1 %  14% 26% 
Zone 4 31 1.606 45% 30% 89% 
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Table 5 .  Evolution of the number of residents by zone who 
make Journey-To- Work Trips (Continued) 

Zones Commuters Ratio of Commuters / Population 
1990 1970 1980 1990 

Zone 1 754,148 38% 48% 51% 
Zone 2 2,254,850 34% 38% 41% 
Zone 3 2,049,43 1 34% 44% 50% 
Zone 4 31 1,606 33% 41% 48% 
Total Re- 5,370,035 35% 42% 46% 
gion 

6.2 Where do commuters go? 

The number of commuters who make Journey-To- 
Work Trips within their zone of residence has in- 
creased in each zone from 1970 to 1990 (Table 6). 

Table 6. Proportion of the commuters who make J-T-W-Trips 
within their zone of residence 

Zone Year 
1970 1980 1990 

Zone 1 85% 84% 84% 
Zone 2 49% 48% 53% 
Zone 3 68% 70% 71% 
Zone 4 85% 76% 70% 
Total Region 60% 63% 65% 

The distribution of residents-commuters between 
the 4 zones of the Region corresponds to the distri- 
bution of jobs between the 4 zones (Table 8); it also 
corresponds to the attractiveness of each zone as 
measured by the indicator of productivity estab- 
lished in  section 5 .  

The number of residents of the Region whose J- 
T-W Trip destination is the rest of the Metropolitan 
region has increased slightly from 2,4% to 2,8% 
from 1980 to 1990 as shown in Tables 7 and 8 (the 
destination of the Census J-T-W Trip data for 1970 
are not reliable). 

Table 7. Work destination of the resident coininuters of the Re- 
gion in 1980 

Place of Commuters Zone 
Residence 1 2 3 4  
Zone 1 679,599 84% 10% 2% 0% 
Zone 2 2,008,018 44% 48% 5% 0% 
Zone 3 1,802,352 16% 1 1 %  70% 0% 
Zone 4 239,523 4% 2% 12% 76% 
Region 4,729,492 37% 26% 30% 4% 

Table 7. Work destination of the resident commuters of the Re- 
g1017 in 1980 (Continued) 

Place of Commuters lotal N Y  Rest of Rest of 
rcsidencc Region Metro Re- the World 

glon 
Zone 1 679,599 96% 3 ?‘o 1 %  
Zone 2 2,008,O 18 98% 2 Yo 0% 
Zone 3 1,802,352 97% 2 Yo 0% 
Zone 4 239,523 93% 4 yo 3 ?40 
Region 4,729,492 97% 2.4% 1% 

Table 8. Work destination of the residence-commuters of the 
Region in 1990 

Place of Resi- Commuters Zone 
dencc 1 2 3 4  
Zone 1 754,148 84% 9% 3% 0% 
Zone 2 2,254,850 38% 53% 6% 0% 
Zone 3 2,049.431 14% 1 1 %  71% 0% 
Zone 4 31 1.606 4% 2% 15% 70% 
Region 5.370.035 33% 28% 31% 4% 

Table 8. Work destination of the residence-commuters of the 
Region in 1990 (Continued) 

Place of rcsi- Commuters Total Rest of Rest of 
dcncc NY Re- Metro Re- the 

Pion eion World 
Zone 1 754.148 96% 3% 1% 
Zone 2 2,254.850 97% 2% 0% 
Zone 3 2.049.431 96% 3% 0% 

Region 5,370,035 96% 2 8% I YO 

The residents-commuters of the Region commute: 
1 First, within their zone of residence. 
2 Second, to an adjacent zone. 
3 Third, to Zone 1 if Zone 1 is not the zone of resi- 

dence nor an adjacent zone. 
Among the persons whose J-T-W Trip destination 

is the Region, 5.5% were residents of the rest of the 
Metropolitan region (New Jersey mainly and Con- 
necticut) in 1980 and 6% in 1990. In 1980, 9% of 
the commuters to Zone 1 were residents of New Jer- 
sey, they were 1 1 % in 1990. 

The J-T-W Trips within the Region and to the 
Region follow a proximity pattern disturbed by the 
attractiveness of Zone 1. 

Lone 4 31 1.606 91% 6% 3 yo 

7 CONCLUSION 

From 1965 to 1996, the Region’s economy moved 
from a Manufacturing to a Service economy domi- 
nated mainly by the Services and secondly by the 
FIRE sector. The restructurings that took place dur- 
ing the period led to permanent losses in jobs in the 
Region, and to an increase in productivity mainly in 
Zone 1 @I%), in Zone 3 (14%) in Zone 2 (7%) and 
to a decrease in productivity in Zone 4 (9”/0). 

The trend towards a de-concentration of popula- 
tion, jobs and production from Zone 1 has been re- 
versed. Since 1993 Zone 1, Manhattan, has been at- 
tracting more population and jobs, creating more 
production and at a faster pace than the other zones 
in the Region. 

The ratio of commuters to population has in- 
creased in every zone from 1969 to 1996. The J-T- 
W trips to the Region are determined by two factors: 
1 

2 

The proximity of the job location from the zone 
of residence; 
The attractiveness of Zone 1 : concentrating 38% 
of employment and 57% of production on 0.7% 
of the Region’s territory, it functions as a magnet. 
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It should be noticed that from 1969 to 1996, there 
was no important change in the transportation sys- 
tem or infrastructure transportation in the Region. 
So, for a constant portion of time allocated to trans- 
portation, this incites the commuters to minimize the 
distance between the place of residence and the 
place of work. 

Finally, the economic restructurings and the 
emergence of the new technologies resulted in 
strengthening the position of Zone 1, Manhattan, as 
the core of the Region. 
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Urban Transportation and Environment, Diaz Gonzalez, Palomas & Jamet (eds) 0 2000 Balkema, Rotterdam, ISBN 90 5809 128 7 

Autobus ou trolleybus en transport public urbain? 
Bus or trolleybus in the urban public transport? 
jAutobus o trolebus en el transporte urbano? 

D.C. Popescu 
L’ Union Roumaine de Transport Public, Bucharest, Romania 

&SUME: Pour les millieus urbains la pollution de l’air a depasse les limites admissibles a cause de 
l’augmentation du niveau de motorisation ainsi que du renforcement de l’activite de transport. Le transport 
public urbain est une importante source de pollution et de meme un grand consommateur d’energie. 
L’utilisation des trolleybuses au lieu des autobuses peut contribuer a ameliorer la qualite de la vie urbaine en 
diminuant la pollution du millieu et, en meme temps, rkduire le consommation specifique d’knergie ainsi que 
les frais d’exploitation. 

ABSTRACT: In urban areas environmental pollution has begun to exceed the admissible limits because of the 
motorizing rate and intensifying the transport activity. The urban public transport is an important pollution 
source as well as a great energy consumer. Trolleybuses operating instead of buses may contribute in growing 
the urban life quality by reducing the environmental pollution and also decreasing the specific energy 
consumption and operating costs. 

RESUMEN: La contaminacion del aire de 10s medios urbanos ha empezado exceder las limites admisibles y 
unas de las causas son la aumentacion del grado de la motorizacion y la intensificacion de la actividad del 
transporte. El transporte public0 urbano es una fuente importante de contaminacion y un gran consumidor de 
energia. La utilizacion de 10s trolebusos en lugar de 10s autobusos puede contribuir a la augmentacion de la 
calidad de la vida en la ciudad, por la diminuacion de la contaminacion del ambiente y, en el mismo tiempo, 
reduce 10 consumo especifico de la energia y 10s gastos de exploatacion. 

1 .  INTRODUCTION 

“La paix, le dkveloppement et la protection de 
I ’environement sont interdkpendants et 
indivisibles ” 

La De‘claration de RIO ’1 992 

L’activite de l’homme a toujours affecte les 
facteurs de l’environement. Actuellement, a 
cause du developpement considerable de toutes 
les activites humaines, malheureusement on est 
arrive a depasser les seuils limite de regeneration 
de la nature. 

La pollution produit a present un dereglage 
parfois irreversible des facteurs de 
l’environement. Si l’on ne prend pas des 
mesures pour limiter, voire eliminer le processus 
de pollution, la vie des hommes sera elle meme 
en danger. 

Voila pourquoi la protection de 1 ’environe- 
ment est l’un des problemes majeurs de 
1 ’humanite. 

Voila pourquoi, parmi les objectifs les plus 
importants stipules a la reunion de Rio, on a 
mentionne aussi celui de “minimiser les risques 
et de maintenir l’environement dans un etat qui 
ne menacera pas ou ne prejudicera pas la sante et la 
sQrete des hommes”. 

2. LE TRANSPORT - SOURCE DE POLLUTION 

La qualite de l’environement, et surtout celle du 
millieu urbain, est fortement affectee par 
l’activite de transport. 

Dans la mesure du developpement des 
activites kconomiques ainsi que 1 ’augmentation 
du niveau de confort du voyage, la pollution de 
l’environement et son effet nocif sur la sante de 
la population ainsi que sur les biitiments, 
s ’intensifient. 

L’impact considerable des moyens de 
transport sur l’environement est produit par les 
emissions nuisibles: NOx, CO, des con?poses 
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organiques volatils, Pb et d’autres particules en 
suspens. Ces emissions affectent la qualite de 
l‘air et produisent le phenomene de “smog”. 

Depuis les annees 70, le transport est devenu 
un consommateur majeur d’energie obtenue par 
des combustibles fosils et continue a se 
developper. 

Dans ces conditions, le probleme permanent 
est de distribuer les sollicitations aux differentes 
rnodalites de transport, ainsi que de prendre les 
rnesures adequates en vue de diminuer la 
pollution de 1 ’environement. 

Les pays de 1’Union Europeenne ont deja pris 
des rnesures pour reduire les emissions 
polluantes en baissant le poids propre des 
vehicules, en ameliorant le rendement des 
moteurs et en assurant periodiquement des 
verifications techniques. Les standards 
concernant les nouveaux types de moteurs 
tiennent compte des niveaux suivants pour les 
emissions polluantes: 

Evolution Emissions 
Type Annee HC CO NOx P 

PreEURO I 1982 3.50 14.00 18.00 - 
Pre EURO I 1988 2.40 11.20 14.40 - 
EURO I 1992 1.10 4.50 8.00 0.36 
EURO 11 1995 1.10 4.00 7.00 0.15 
EURO I l l  2000 0.70 2.50 5.00 0.10 
EURO IV 2005 0.50 1.00 3.00 0.08 
EURO V 2010 0.50 1.00 1.50 0.08 

(g/kwh) (gk wh) (g/kwh) (g/kwh) 

Des companies de prestige dans le domaine des 
constructions des voitures ont alloue des fonds 
importants pour realiser des moteurs non 
polluants ainsi que pour utiliser d’autres sources 
d‘energie que le petrole. 

Des solutions ont ete trouvees et des 
prototypes ont ete realisees. Mais, jusqu’a 
present, le coQt d’une voiture non polluante est 
loin d’ctre competitif. 

Au long de la derniere decennie, dans les pays 
de 1’Europe Centrale et de l’Est, le degre de 
pollution de I’air est considerablement eleve a 
cause du developpement de l’activite de 
transport routier ainsi que de l’augmentation 
rapide du degre de motorisation. 

En Roumanie, l’atmosphere est soumise a une 
pollution locale intense par les installations 
industrielles aux technologies anciennes, sans 
epuration, mais aussi par le trafic considerable, 
suqout dans les grandes villes. 

A Bucarest, dans le centre ville, les annees 60 
ont marque l’eloignement des tramways qui ont 
ete remplaces par des vehicules a pneux. 

En consequence, les mesures effectuees 
aujourd’hui par les organismes habilites 
niontrent des depassements quant aux valeurs 

standard admissibles concernant les concen: 
trations des particules lourdes (0.2 ... 0.3 mg / rn’ 
pendant 24 heures) et des concentrations 
importantes de NO2, NOx et SO2 dans la zone 
centraie de la ville, sur les principales arteres de 
communication. 

La contribution des autobus dans le cadre du 
transport public urbain est assez importante et 
pas du tout negligeable. Pour un roulage 
journalier de 230 000 km de 1 000 vehicules. 
dont seulement 45% equippes par des moteurs 
EURO I, on consume 90 tonnes de gas - oil. En 
consequence, l’atmosphere est empoisonnee 
chaque jour avec plus de 3 200 kg CO, 1 000 kg 
NOx, 3 000 kg HC et 300 kg particules en 
suspens. 

3. LE TROLLEYBUS - MOYEN DE TRANSPORT 

En vue d’ctre agree, un moyen de transport 
public urbain doit cumuler plusieurs qualites. la 
priorite de celles ci etant accordee par rapport au 
point de vue duquel on le considere, comme 
suite: 
- le passager: le confort 
- la communaute urbaine: la manque de 

pollution 
- le conducteur: la sfirete 
- l’operateur de transport: le coiit d‘exploitation 
- l’economie nationale: la consommation 

d’energie 
Choisir entre deux moyens de transport public 

urbain si semblables, comme le trolleybus et 
l’autobus, est une affaire asez delicate. 

I1 faut eviter une generalisation hasardeuse, 
sans tenir compte des corrections de nuance 
necessaires pour chaque cas particulier. 
constitue, au fond, par chaque reseau de 
transport urbain. 

Les avantages et les inconvenients du 
trolleybus sont bien definis. Parmi les avantages 
essentiels, on peut remarquer au premier abord 
le niveau reduit du bruit et l’absence de la 
pollution de l’air. Le moteur est robuste, avec 
une bonne reserve de puissance et developpe un 
important effort de traction. L’entretien est 
minime et simple. Les equipements 
electroniques modernes permettent le reglage 
progressif des demarrages et des freinages. 
Pendant le freinage, il recupere une quantite 
importante d’energie. L’inconvenient majeur du 
trolleybus est sa dependance d’un reseau 
bifilaire de contact, cocteux et parfois peu 
esthetique. Les prises de courant, bien que 
simples et sQres, sont toutefois assez delicates et 
limitent la liberte de mouvement en circulation. 

Mais on doit souligner qu’aujourd’hui les 
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criteres de choix du trolleybus sont essentielle - 
ment fondes sur les deux preoccupations 
dominantes que sont la sauvegarde de la qualite 
de la vie en ville ainsi que l’utilisation d’une 
energie independante du petrole. 

I1 faut aussi souligner, quand meme, que, 
depuis le choc petrolier, les avantages du 
trolleybus sont plus incitatifs et parfois meme 
preponderents. 

Ces avantages se font apprecies de plus en 
plus, au fur et a mesure que l’interzt concernant 
le cofit et l’epuisement des resources d’energie 
augmente et les preoccupations de preserver 
1 ’environement et maintenir une certaine qualite 
de la vie en millieu urbain deviennent 
importantes. 

4. LE TROLLEYBUS A BUCAREST 

A Bucarest, le trolleybus n’est pas une 
nouveaute. La premiere ligne de tro1,leybus avait 
ete mise en operation il y a 50 ans. A present on 
fonctionne avec plus de 300 vehicules. 

La nouveaute c’est la derniere generation de 
trolleybuses mise en exploitation pendant les 
annees 1997-1998. Examine par rapport aux 
criteres ci-dessus mentionnes le nouveau type de 
trolleybus presente les qualites suivantes: 
a) le confort offert aux passagers ne presente 
aucune difference par rapport a l’autobus, etant 
donne le fait que le trolleybus et l’autobus ont la 
mime carrosserie; 
b) la faqon de conduire est simple: les pedales de 
marche et de fieinage ne transmettent qu’une 
simple valeur de consigne du courant a un 
contr6leur electronique qui limite 
automatiquement les variations de l’acceleration 
et bien sfir aussi les maxima autorises; il en 
resulte par des moyens automatiques et sans 
aucune diffculte pour le conducteur, un confort 
de marche remarquable pour les voyageurs, ceci 
d‘autant plus que, du fait des surchargees 
admissibles, les qualites de demarrage restant 
pratiquement constantes, quel que soit les efforts 
de traction; 

c) quant a la communaute urbaine, le trolleybus 
est le vehicule ideal: pas de bruit ou de 
\fibrations et aucune pollution chimique; 
d) les conditions de sfirete pendant la circulation 
sont aussi de mzmes que celles de l’autobus; en 
plus. le trolleybus freine normalement avec le 
frein electrique, tandis que les fieins mecaniques 
interviennent seulement pour des basses vitesses, 
(nioins de 7kmlh), commandes par la meme 
pedale: l‘amenagement du poste de conduire du 
trolleybus resemble a celui de l’autobus: deux 
pedales, disposition standard des boutons de 

commande, etc.; les differences qui subsistent 
sont minimales et resident en quelque lampes de 
signalisation et boutons poussoirs; 
e) le cofit d’exploitation est plus reduit pour le 
trolleybus que pour l’autobus: d’une part, suite a 
la difference de prix entre le gas - oil et l’energie 
electrique et d’autre part grace au fait que le 
moteur electrique ainsi que les circuits 
electroniques, n’ont pas besoin d’entretien; en 
meme temps, le freinage electrique determine 
une usure des mecanismes de freinage plus 
faible; on obtient aussi une diminution des cofits 
pas du tout negligeable, en recuperant d‘energie 
pendant le fieinage; 
f) au niveau d’une economie nationale, le 
trolleybus comporte aussi des avantages 
importants, etant donne que: 
- l’energie electrique est produite par de grandes 
centrales electriques qui utilisent de differentes 
sources (charbon, eau, vent, nucleaire, etc.) pas 
seulement du petrole; 
- le regime de combustion dans les grandes 
centrales thermoelectriques peut etre contrde et 
optimise de maniere que la pollution soit 
minimale, fait irrkalisable pour l’autobus en 
trafic urbain; 
- les systemes techniques modernes permettent 
d’obtenir un haut rendement concernant la 
livraison de l’energie electrique et en mime 
temps le moteur electrique et l’electronique de 
puissance du vehicule donnent des pertes 
d’energie reduites; le rendement energetique 
total pour le meme effort de traction est donc 
superieur pour le trolleybus par rapport a 
l’autobus; 
- la consommation specifique d’energie est plus 
reduite pour le trolleybus que pour l’autobus. 
vue que pendant le stationnement du vehicule 
(arrets, intersections) le moteur electrique ne 
consomme pas d’energie et, pendant le freinage, 
une partie d’energie cinetique est recuperee dans 
le reseau. 

Tous ces avantages offerts par le trolleybus 
balancent abondamment ses inconvenients qui 
restent: 
- le coQt d’acquisition plus eleve que celui de 
l’autobus; 
- un investissement initial assez important pour 
le systeme energetique d’alimentation (sous - 
stations de redressement et reseau de contact). 

Concernant l’exploitation economique du 
trolleybus, on peut dire qu’il est tres convenable 
en general pour les lignes caracterisees par une 
charge elevee de transport et relativement 
reguliere toute la journee, donc pour les 
situations ou les frequences entre les heures de 
pointe et les heures creuses changent peu. C’est 
souvent le cas des lignes urbaines desservant les 
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zones d’activites commerciales et culturelles 
ainsi que celles assurant la liaison entre les 
grandes quartiers d’habitation et le centre ville. 
Dans ce cas, on prefere le trolleybus comme 
moyen de transport, le choix etant justifie par 
plusieurs facteurs: 

- d’une part, du point de vue commercial, les 
investissements supplementaires pour les 
installations fixes sont utilises et rentabilises au 
mieux; 

- d’autre part, concernant la sauvegarde de 
1 ’environement (bruit et pollution chimique) il 
est legitime que les moyens financiers 
disponibles favorisent les zones fortement 
urbanisees; 

- enfin, plus le coeficient de remplissage des 
vehicules est constant et eleve, plus les qualites 
de traction electrique (demarrage rapide, 
economie d’energie) sont significatives. 

A Bucarest, la situation est particulierement 
favorable, car le reseau de traction electrique 
avait ete jadis plus etendue et, par consequant, la 
puissance installee dans les sous - stations de 
redressenient est utilisee seulement dans une 
petite mesure et les poteaux sur les grandes 
arteres de communication sont d’usage commun. 

5 .  L’EQUIPEMENT DE TRACTION DU 
TROLLEYBUS 

5.1 Gine‘ralitis 

Le moteur de I’autobus avec ses annexes, ainsi 
que la boite de vitesses automatique sont 
remplaces par les equipements electriques 
suivants: 
- un nioteur electrique, robuste et fiable, de 
courant continu jusqu’a present et asynchrone 
pour les generations qui suivent; 
- un hiicheur de courant pour alimenter le 
nioteur a tension variable; 
- un contriileur electronique qui assure la 
commande automatique, la diagnose des defauts 
et la surveillance quant a la relation homme - 
voiture; 
- un jeu des contacteurs pour commuer le 
schema de fonctionnement (marche avant- 
arriere. frein, etc.); 
- les systemes de protection pour les circuits 
klectriques; 
- les prises de courant; 
- l‘appareillage du conducteur pour les circuits 
de traction. 

5.2 Les services auxiliaires 

Le compresseur et la pompe hydraulique sont 
actionnes par des moteurs asynchrones. Pour 

charger I’accumulateur (24 V . C . ~ )  et alimenter 
les moteurs auxiliaires (380 V.c.a.) le trolleybus 
est equippe d’un convertisseur statique en 
technologie IGBT. 

5.3 Le contr6leur automatique 

Grace au contrdeur automatique fourni par la 
Companie GANZ Ansaldo de Budapest. 
Hongrie, qui monitorise les parametres et 
commande les appareils du systeme de traction. 
le demarrage ainsi que le freinage se realisent 
sans aucune variation d’acceleration, quelle que 
soit leur valeur. 

Le contr8leur commande le regime de 
fonctionnement du moteur, conformement aux 
informations reques du poste de conduite ainsi 
que du circuit commande. I1 est responsable de 
toutes les commandes donnees aux contacteurs 
et a l’electronique de puissance pour alimenter le 
moteur ainsi que pour limiter les valeurs 
maximales admises de courant, acceleration et 
vitesse. 

En meme temps, il interdit le demarrage du 
trolleybus pour le cas ou toutes les portes ne sont 
pas fermees et veille les systemes de protection 
au cas ou des defections sont produites, y 
compris I’isolation de la carrosserie. 

En vue de faciliter les operations de 
dCpanage, le contriileur automatique est prevu 
d’un systeme de diagnose a trois niveaux de 
signalisation: conducteur, personnel d‘entretien 
courant et personnel specialise capable d’utiliser 
un programme sur I’ordinateur. La memoire du 
contrdeur enregistre les defauts produits et les 
erreurs eventuelles de conduire. Le contriileur 
peut etre accouple a un ordinateur mobil pour 
lecturer et regler les parametres. 

5.4 L ’Plectronique de puissance 

L’electronique de puissance en technologie 
IGBT, ainsi que les filtres et le convertisseur 
statique, sont fabriques par la Companie ICPE - 
SAERP de Bucarest, Roumanie, dans une 
conception propre et avec un haut niveau de 
fiabilite. Tous les elements contenus dans le 
schema de traction sont ensembles en des blocs A 
protection IP 54 qui peuvent etre attaches 
facilement a la carrosserie sur le toit et sous le 
plancher. 

Le hiicheur offre la possibilite que le moteur 
soit alimente a tension et courant variables pour 
obtenir le demarrage en douceur, et le reglage de 
la vitesse a la valeur qu’on desire. I1 permet 
aussi de maitriser le regime de freinage 
electrique a recuperation ou rheostatique. 
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L‘emploi d’un tel systeme de traction protege 
1 ’equipenient des sous - stations de redressement 
car, au demarrage, le courant absorbe par le 
trolleybus s’eleve progressivement jusqu’a la 
valeur du regime choisi. 

L ’electronique de puissance embarque sur le 
trolleybus a cause du fait qu’elle est sans 
nientenance, apporte une contribution sensible a 
la diminution des frais d’entretien et, en meme 
temps, a elever le degre de disponibilite du 
vehicule. 

5.5 Les contacteurs 

Pour obtenir les connexions necessaires au 
circuit de puissance en but de realiser les 
regimes de marche avant au arriere ainsi que 
pour le freinage electrique, les contacteurs 
LTHS - 320 (350 A, 1500 V.C.C.) produits par la 
Companie MICROELETTRICA SCIENTIFICA 
SpA de Milano, Italie, ont ete preferes. 

Realise d’une conception particuliere et avec 
des niateriaux de tres bonne qualite, ce type de 
contacteur a les plus petites dimensions et le 
poids minimal par rapport a d’autres contacteurs 
de cette categorie, un avantage tres important 
specialenient pour un vehicule comme le 
trolleybus. 

Le choix, base sur l’examen des 
caracteristiques techniques, sur le niveau de 
qualite IS0  9001 et aussi sur des importantes 
references, c’est avere le meilleur, car apres plus 
de deux ans de fonctionnement (cca 
75 .000km/vehicule, an) aucune defection ne 
s‘etait produite, en demontrant donc un haut 
nilreau de fiabilite. 

En plus, les coQts necessaires pour l’entretien 
de ces contacteurs sont tres reduits. 

5.6 Les valideurs des billets 

En but de valider les billets de voyage, des 
appareils automatiques fournis par la Companie 
Tecnotour-Eltec SPA d’Italie, ont ete installes a 
1 ’iiiterieur du trolleybus. Ces appareils marquent 
ie billet avec la date, l’heure et le numero du 
vehicule. 11s sont tres apprecies par les passagers 
ainsi que par I’operateur de transport. Les 
iiitiiies appareils peuvent etre utilises avec 
beaucoup de succes en vue d’obtenir des 
diagrarnnies de charge au long d’une journee. 
A la fin, on peut affirmer que le trolleybus 
realise avec les equipements ci - dessus decrits 
est un vehicule moderne qui, pour ses qualites, 
est tres agree par les wagers, par son conducteur 
et par l’operateur de transport et qui, en 
protegeant l’environement, protege la vie dans la 
ville. 

6. CONCLUSIONS 

Etant donne le fait que, a cause du 
developpement considerable de toutes les 
activites humaines, on est arrive a depasser les 
seuils - limites de regeneration de la nature. des 
mesures energiques dans tous les secteurs 
d’activite sont necessaires. 

Les plus affectes sont les zones fort - 
urbanisees dans lesquelles le transport est 
devenu une source importante de pollution et 
aussi un grand conssomateur d’energie. 

En depit des grands efforts deposes dans tout 
le monde, des vehicules non - polluants ne 
seront pas disponibles a des prix resonables dans 
le futur tres proche. 

Le trolleybus est un vehicule absolument non 
polluant mais, il necessite des frais 
d’investissement assez grands pour le systenie 
energetique d’alimentation. 

I1 est legitime que les moyens disponibles 
favorisent les zones fortement urbanisees. 

L’industrie est capable qu‘elle fournisse les 
equipements necessaires pour realiser des 
trolleybuses a des prix accessibles. 

Les avantages offerts par le trolleybus 
balancent abondement ses inconvenients et les 
investissements supplementaires pour les 
installations fixes s’amortissent par la 
diminution des coiits d’exploitation. 

Faire le choix du trolleybus conime moyen de 
transport urbain est une affaire delicate et en 
m2me temps le probleme specifique pour chaque 
reseau de transport public urbain. 
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Compressed natural gas as an environment hendly fuel for urban transport: 
Policy lessons from a developing country 
L’usage du gaz natural comprimk pour un meilleur environnement en milieu urbain: 
les leCons 3 tirer d’un pays en voie de dkveloppement 
El us0 del gas natural para un mejor medio arnbiente en area urbana: Experiencias a seguir 
de un pais en vias de desenvolvimiento 

Ali S. Huzayyin & Omar Osman 
Faculty of Engineering, Cairo University, Egypt 

ABSTRACT: Egypt is now undertaking a programme aiming at converting mainly urban taxicabs into CNG. 
More than 15,000 vehicles converted into CNG, mostly in the last three years. However, this is still below the 
set targets. This paper tries to find ways to augment the current programme through revealing the needs of the 
various actors involved. Interviews and questionnaires were conducted with decision-makers and taxi drivers. 
Several polices are suggested and lessons transferable to other developing countries are extracted. 

RESUM6: L’Egypte mene actuellement un programme de mise en place de Taxis roulant au GNC, plus de 
15,000 vehicles ont ainsi ete convertis au GNC, pour la pluspart dans les trois dernieres annees. Cependant ce 
nombre n’atteind pas les objectifs fixes. Ce document tente de trouver les moyens d’accelerer la mise en place 
de ce programme a travers l’identification des besoins de chaque acteur concerne. Des enquetes ont ete 
menees auprks des decideurs et des chauffeurs de taxi. Plusieurs politiques sont proposees, et les 
enseignements applicables a d’autres pays en voie de developpement sont extraits. 

KESUMEN Egypto esta implementando un programo de conversion de 10s taxi por el us0 del GNC Nas de 
15,000 coches fueron convertidos a el GNC durante las tres ultimos anos por entanto, este numero no alcanza 
10s objectivos iniciales Este documents trata de investigur 10s inedios de crecer este programo tras la 
identificacion de las necesidudes de cada actor. Encuestas fueror procesados con 10s dedidoned y 10s 
conductors du taxi - politicas y experiencas a seguir en otos pais en via de desenvolinmients for propostas 

1 iNTRODUCTiON 

Compressed Natural Gas (CNG) is an environment 
fi-iendly fuel used to replace conventional liquid 
fuels for road vehicles This has been successfully 
achieved i n  many countries over the last two 
decades Egypt staited to follow suit since the early 
I 990’s after developing the required infrastructure 
for natural gas production and use in domestic 
purposes The country is now seeking opportunities 
to export natural gas it is, therefore, important to 
promote current policies to hrther encourage the 
utilization of natural gas in all possible local uses, 
particularly in road transport 

Few years ago the government introduced a 
policy for encouraging taxicabs and business sector 
vehicles to switch to CNG To achieve this, a 
programme that comprises a financing scheme to 
help the drivers to payback the conversion cost 
coupled with a relatively attractive he1 pricing 
option is promoted Also some private firms are 
established to participate in the provision of CNG 
fueling stations and engine conversion. As a result, 

the percentage of converted taxis in Greater Cairo 
(GC) reached about 7% after five years of launching 
this programme. This means, however, that many 
taxi drivers are still reluctant to join the conversion 
programme for various reasons that should be 
revealed. 

The paper concentrates on the policy for 
switching of taxicabs to CNG operation in  GC. It 
includes a description of the adapted financing and 
pricing schemes and tries to answer the following 
questions: who are the various actors involved? what 
are the needs of each of these actors? what factors 
encourage/discourage conversion? and how to make 
financing schemes more attractive? 

In doing so, the research is based on conducting a 
questionnaire with a sample of taxi drivers who have 
already converted to CNG and those who are yet 
reluctant. Also interviews with CNG policy-related 
persons is undertaken. Hence, recommendations are 
given on how to enhance the existing policy and to 
make it more successful. Lessons from the current 
experience and the findings of the paper will be 
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discussed bearing in mined transferability to other 
developing countries. 

2 COMPRESSED NATURAL GAS, A 
PREFERRED ALTERNATIVE VEHICLE 
FUEL 

By far, natural gas in  its different forms is the most 
successful among all other fuel alternatives available 
today The vast majority of natural gas vehicles 
(NGVs) i n  use today operate on CNG It is reported 
that NGVs achieve many reductions in pollutants 
compared with those operating on gasoline These 
reductions can be as listed below (Pacific Northwest 
Pollution Prevention Resource Center, 1999) 
-65 - 90% of CO 
-87% of NO, 
- 87% of non-methane organic gas 
-20% of CO2 
-50% of the evaporating emissions during heling 

and use 

In addition, it is evident that the use of CNG as an 
alternative to gasoline brings about reductions in 
vehicle maintenance needs and required spare parts 
and lubricants, merely due to its cleaner burning As 
for the price of CNG compared to gasoline, it has 
been reported that the cost of one gallon of the latter 
is nearly seven folds of that of an equivalent gallon 
of the folmer It is clear, therefore, that CNG is 
incomparably a superior file1 for motorized vehicles 

CNG as an alternative he1 for transport, however, 
is Imown to have some disadvantages (Pacific 
Norttnvest Pollution Prevention Resource Center, 
1999) Lack of engine power during acceleration and 
on hilly terrain is one of the most pronounced 
disadvantages The relatively long time required for 
refueling is another disadvantage that usually entails 
longer waiting time at gas stations and need for inore 
heling infrastructure Also the big investment and 
land space required to develop CNG filling 
infrastructure make it uneasy to install sufficient 
stations to cope with the increasing demand 

Nevertheless. there are more than one million 
NGVs in use today around the world, including 
buses, trucks, vans, taxis and passenger cars (NGV 
Communities 1999) More than 600,000 NGVs are 
currently on roads in Europe, 300,000 more are in 
use i n  Latin America The US alone has more than 
85,000 NGVs with expectation that this number will 
increase rapidly as the infrastructure expands 

3 NATURAL GAS IN EGYPT 

3 1 il'llf l l l ' l i f  gU.5 fOl' gCilCl"Cl/ p 1 4 1 p S C . Y  

Natural sas is an abundant natural resource found in 
Egyptian deserts with increasing reserves Recently, 

the government gave great attention to natural gas 
production and use Accordingly, production of 
natural gas has increased from 12 trillion ft3 in 1992 
to more than 37 trillion ft3 in 1999 Moreover, 
investment in natural gas production reaches US$ 
3 9 billion, which is going to increase production by 
50% starting 2000 It is anticipated that within the 
next 5-10 years, about 15-25% of gas production 
will be in excess of the domestic needs and can then 
be exported Furthermore, the national gas network 
for domestic use reaches now 3,000 kin compared 
with 650 km 17 years ago and is expected to double 
to 6,000 km by 2017 Currently, one million flats are 
fitted with natural gas in addition to 6,000 
commercial establishments, 24 electrical power 
stations, 545 bakeries, and 100 industrial factories 

3 2 Natiwal ga.s. foi. tmnspor.1 

Egypt has started in 1992 to use CNG vehicles for 
the first time in Africa and the Middle East A policy 
of encouraging petrol driven vehicles to convert to 
CNG has effectively started at that time The effort 
has been directed mainly to urban taxicabs in  major 
cities As a result, in 1996, Egypt ranked the 37"' 
among 43 countries worldwide i n  the extent of use 
of CNG as transport fuel At that time the numbei of 
vehicles operating on CNG reached 200 Currently 
Egypt is the stil country in that list which contains 
now a total of 49 countries using NGVs The 
number of NGVs on Egypt roads is presently 
approaching the 15,000 

Similar efforts are undenvay to encourage the 
conversion of public bus fleet operated by Cairo 
Transit Authority into CNG (a pilot project 
sponsored by US AID) Also some experimental 
effort are carried out to device suitable techniques 
for converting diesel-operated shared taxi 
microbuses i n  a more economic way Cairo and Giza 
Governorates are trying to impose a time limit on 
shared taxi drivers to convert However, it seems 
that this is not an easy task to implement on time 

4 EVOLUTION OF CNG CONVERSION 

4 1 Obpctrves 

The policy undertaken by the Egyptian government 
to encourage the conversion of vehicles into CNG 
has two main objectives. The first is to reduce local 
use of its petrol oil products so as to direct it to 
exports and other essential uses. This should also 
reduce the dependency on imported diesel fuels, 
most of which is used in the transport sector. The 
other objective is to improve the urban environment 
in large cities suffering from overcrowded roads and 
highly polluting vehicles. Interviews with policy 
makers, however, reveal some relative importance of 
the above objectives in favor of economic targets 

POLICY FOR TAXICABS 
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The government set some targets in 1996 to 
convert all the passenger transport fleet (public 
buses, taxicabs, and shared taxis) by 2001. Only the 
conversion rate of taxicabs was pronounced. 
Conversion of other vehicle types did not proceed 
either due to shortage of h n d  (buses) or technical 
problems (shared taxis running on diesel). 

4.2 De.rcr.iption of dffei.enf policies and 

The conversion of vehicles into CNG in Egypt is 
performed by retrofitting engines so that they run on 
both CNG and gasoline (bi-fueled). Converted 
vehicles can switch from CNG to gasoline, usually 
until the CNG tank is refilled. The price of this 
conversion is fixed by the Ministry of Petroleum at 
L.E. 5000 (US $1460). This price includes the cost 
of parts (mostly imported), customs and sales tax 
imposed on imported parts (more than do%), labor 
cost, and some marginal profit. 

To encourage the conversion of passenger cars, a 
system was devised that encompasses: 1) financial 
assistance and incentives to owners wishing to 
convert, 2) conversion and maintenance facilities, 
and 3) filling infrastructure. 

As for the financial assistance and incentives, the 
conversion programme had two different time 
periods from this viewpoint. These are as follows: 

A) Formerly, no financial assistance was 
provided. The whole cost of conversion was paid in 
cash. Moreover, taxes and fees related to vehicle 
license were subject to rules similar to those for 
diesel vehicle, at twice the rate for gasoline vehicles. 
The only incentive was the price of CNG that was 
fixed at L.E. 0.45 per in3 (US $0.13), i.e. 50% of the 
price of a liter of regular gasoline. Knowing that a 
vehicle can run a little longer on one cubic meter of 
CNG as compared to one liter of gasoline, these 
prices clearly gave good incentive from the 
viewpoint of file1 cost. CNG price however, was 
more than 10% higher than the price of diesel fuels. 

B) In the current time period, license renewal fees 
and taxes are reduced to a level similar to those for 
gasoline vehicles. Fuel prices are kept as in  the 
previous period. A special scheme designed to help 
drivers to pay back the cost of engine conversion is 
available. Drivers have one of the following three 
options: 

pr ic i~g .  fi’nnncing schemes 

-Option 1 : L.E. 5000 i n  cash - receives 500m3 
of free gas coupons. 

-Option 2 L E. 1000 in cash as down payment 
+ 16 monthly installments of L.E. 250 each. 

-Option 3 :  no down payment + 24 monthly 
installments at 7% interest rate. 

A maintenance scheme is also available under the 

-First year: free checks and maintenance. 
current scheme as summarized below. 

-After first year: L.E. 5.5 per check plus cost of 
repair and spare parts. 

Regarding conversion and maintenance facilities, 
two private enterprise companies were given the 
right to operate in vehicle conversion. Engine 
retrofits are performed at workshops operated by 
these two companies. Periodical maintenance of the 
fitted parts is also carried out at the same workshops. 
Conversion of taxicabs usually takes few hours with 
almost no technical problems. The financial schemes 
are h l ly  covered by the enterprise. 

As for the filling infrastructure, the policy also 
all.owed the above two companies to open and 
operate special fueling stations which are mainly 
annexed to the ordinary gasoline stations and are 
usually very crowded with long queues of waiting 
CNG taxis. This demonstrates the increasing 
numbers of converted taxis and the need for 
additional fueling stations. The total number of these 
stations reached 37 in 1999 and is increasing rapidly. 

The system seems to create reasonable incentives 
to gasoline-operated taxis as they run for long 
distances so that fie1 cost savings can cover the 
conversion cost in a short period. However, it is 
clear that there is not enough incentive for other 
passenger cars and diesel-operated taxis to convert 
into CNG 

the two companies are facing some 
cash flow problems and seem not to be able to 
continue the financing schemes. A proposed 
alternative is to finance conversion through the 
Social Fund for Development and the Syndicate of 
Taxi Drivers as will be explained later 

Recently, 

5 QUESTIONNAIRE AND INTERVIEWS 

5 1 Taxi drivers girestroniiair-e 

Two questionnaires were conducted, one with a 
sample of 50 taxi drivers who have already 
converted to CNG (denoted “C”’) and the second 
with 40 drivers who have not converted (denoted 
“NC”’) Well-trained engineers carried out the 
survey, and the form was finalized after the 
evaluation of a pilot questionnaire The form 
consisted of general questions, e g car age, model, 
engine capacity, fuel consumption, ownership and 
working hours per day Otheiwise, the forms of the 
“C” and the “NC” drivers included different sets of 
questions The “C” form included inquiries about 
source of information about conversion, time period 
passed until conversion was done, conversion date, 
payment option used, fuel/maintenance cost before 
and after conversion, problems faced after 
conversion, suggestions for improving the CNG 
programme and suggested measures to encourage 
more conversion 
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The “NC” form included questions about whether 
the drivers knew about the CNG programme or not, 
the source of information, knowledge of the 
payment scheme, intention to convert, suitable 
payment option, planned date of conversion, 
problems believed to be faced after conversion, 
conversion advantages and suggestions to encourage 
conversion. 

5 . 1  . 1  Geneid characteristics of the respondents 
The average car age of the “C” sample was 15.1 
years compared with 16.7 years for the “NC” 
sample. Engine capacity ranges between 1300 cc 
and 1800 cc, with an average of 1500 cc. About 83% 
of the “NC” respondents were driver owners, 
whereas the counter percentage for the “C” sample 
was 64%. Maybe taxi owners who hire others to 
drive it do not place much confidence on their 
driving behavior and go for CNG in order to 
minimize operating costs and maximize the net 
revenues. Averages working hours per day were 
very close for the two samples reaching 9.8 hrs and 
1 1 . 1  hrs per day, respectively. The average of the 
two samples combined is 10.3 hrs per day, with a 
daily minimum of 4 to 5 hrs and maximum of 1 8 hrs 
on two shifts. 

5 .1  .2 Iiesiilts ofthe “C” sample 
Cited sources of information about the conversion 
prog,rainine are colleagues, fuelling stations and the 
media, respectively. About 75% of the respondents 
indicated that they converted to natural gas within 6 
months, or less, after knowing about the CNG 
programme. The highest number of interviewed 
drivers (about 36%) had converted to CNG since 12 
to 18 months ago. Those who had converted since 6 
to 12 months were less (about 30%). Only 22% 
converted in the last 6 months, indicating a slow 
down i n  conversion rate. 

Among the three options available for paying the 
cost of conversion mentioned earlier, the most 
popular one seems to be Option 3 where no premium 
payment is necessary. About 57% of the respondents 
indicated that they selected this option. Option 2 was 
the second with 26% and only 17% indicated that 
they followed Option I .  Examining these results 
indicate that still no payment option is 
over\vhelmingly favored. Hence, it is important to 
note that maybe a new and more attractive payment 
method is to be adopted in this respect. 

As expected, considerable savings due to using 
CNG compared to gasoline operation were reported. 
On the average, the reduction was from LE2.6 to 
LE I .2/hr after conversion, which is nearly a 52% 
saving on fuel cost. Surprisingly, about 42% of the 
respondents indicated that maintenance cost 
increased under CNG and only 9% indicated a 
decrease, and 47% reported no difference. The main 

problems faced after conversions are: lack of engine 
power, long queues at fbelling stations, loss of space 
in the trunk due to the CNG tank, and engine wear. 
Very few drivers indicated no problems. About 85% 
of drivers asked for more fuelling stations, 15% are 
for improving maintenance, and 8% go for solving 
the problem of the large-size gas tank. Surprisingly, 
however, reducing the cost of conversion appeared 
only in 1% of the replies. Finally, reduction of 
conversion cost is the first recommendation to 
encourage more conversion (64%), more fuelling 
stations (17%), better maintenance (6%) and 
increasing environmental awareness (6%). 

Crossed analysis of answers indicates that drivers 
of newly converted vehicles complained more often 
about lack of engine power and trunk space. As time 
passes they complain less about these problems but 
more often about engine wear. Analysis also reveals 
that drivers of older vehicles complained more about 
power loss, engine wear, and increased maintenance 
cost and they also achieved less fuel cost savings 
than drivers of newer vehicles. 

5 1 3 Resiilts of the “NC” saniple 
The majority of the respondents indicated that they 
knew about conversion programme from colleagues 
Far behind is from fuelling stations and the media 
Nearly, 83% indicated their awareness of the 
available payment schemes, and 60% intend to 
convert But when asked about when they will 
actually do so, 67% stated they would convert in 
more than one-year time It may, therefore, be 
concluded that the former result (i e the 60%) is 
somewhat exaggerated, and that perhaps the 33% 
who would convert in less than one-year are closer 
to reality 

As for the preferable payment scheme cited by 
the 60% of respondents who indicated they intend to 
convert, payment Option 2 was selected as the best 
option by 42%, with the same percentage for Option 
3 Whereas, Option 1 ranked third with merely 16% 

Nearly 66% indicated they expect problems after 
conversion similar to those reported in the “C” 
sample Main advantages of conversion to CNG are 
fuel savings with 77% of the vote Only 20% of the 
respondents indicated that one of the advantages of 
conversion is better environment The first 
suggestion to encourage conversion is to increase the 
number of fuelling stations (49)% The second and 
third are solving engine problems (20%) and 
reducing conversion cost (1 7%) Dedicated CNG 
vehicles ranked fourth (14%) Then came 
advertising and imposing environmental tax on those 
who do not convert to CNG operation, scoring 9% 
each It is extremely interesting to obtain a 
recommendation on taxation from those drivers who 
did not themselves yet converted their vehicles 
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5.2  Ititerviews with policy-r.elatedper.sotis 

Interviews with policy-related persons were carried 
out. I n  addition to the information on the current 
programme and its objectives and incentive schemes 
presented in Section 2, some other relevant views 
were obtained. 

Regarding incentives to encourage conversion, it 
is proposed to increase the attractiveness of CNG by 
fixin2 its price while imposing carbon tax on other 
fuels. A small price increase for diesel is also a 
possible policy to consider, with some of the 
resulting savings directed to subsidizing conversion. 
Decision-makers at the enterprise companies and the 
Ministry of the Environment also urge the 
exemption of parts used in conversion from all taxes 
and custom duties. Denial of license renewal for 
unconverted vehicles as an effective tool to augment 
conversion to meet targets was also sugg.ested. 

As for the reaction to the problems cited often by 
CNG taxi drivers during the questionnaire, some 
counter views were raised during the interviews. For 
instance, the engine wear problem is claimed to be 
unreal. The reason for drivers complains is a 
misinformation resulting from published news on 
excessive engine wear for dedicated NGVs used by 
some oil companies in Egypt in the early 1990’s. 
However, plans for a media awareness campaign 
that was proposed by the enterprise companies were 
unfortunately turned down. As for the maintenance 
problems cited by some drivers, the claim is that the 
free maintenance programme results in too frequent 
visits by drivers to the workshops. The outcomes are 
unnecessary overcrowding and complains. 

Current financing schemes (the three payment 
options) were reported during the interview to be no 
longer affordable by the private enterprise 
companies. This issue greatly affected the 
conversion rate in the last few months. A new 
financing scheme with the support of the Social 
Fund for Development and the Syndicate ofTaxi 
Drivers is being studied. In this scheme, the 
conversion cost will be divided between the two 
organizations and paid directly in cash. Drivers will 
then pay back this cost plus some reasonable interest 
with certain grace period. Concerned parties are 
currently working out details of the scheme. 

5.3 C’oncliisionsfr.orii pestionnaire and intewiews 

-Taxi drivers awareness of the positive effects of 
CNG operation on air quality is less than their 
awareness about fuel cost savings. 

-Results obtained in the “NC” sample generally 
give the same trends obtained for the “C” sample 
(i.e. generally the same rank of the importance of 
the replies is obtained). This confirms the results 
and places a lot of confidence on the relevant 
recommendations given later in Section 6. 

-The most important way of communicating the 
information about the CNG programme among 
taxi drivers is by far the word of mouth through 
colleagues. This is true for both the “C” and 
“NC” samples. The importance of receiving 
information from helling stations, however, 
seems more important for the “NC” sample. 
Surprisingly, sources such as Syndicate of Taxi 
Drivers and Natural Gas Companies were not 
mentioned at all. 

-The majority of drives seem to be ready to 
convert soon after receiving the right information 
about the merits of conversion. 

-It is not clear whether vehicle maintenance costs 
increase or remain unchanged after conversion. 

-The insufficient number of CNG helling stations 
in GC is a very serious problem. Lack of engine 
power is the second most important of the 
reported problems. Loss of space in the trunk due 
to tank size and engine wear are other 
engineering problems that were reported by some 
of the drivers of the converted vehicles. 

-Cited problems due to conversion in the “C” and 
“NC” samples are generally similar. The only 
exception is that in the “NC” sample, cost was 
reported in the list of expected problems of 
conversion. This contrasts sharply the earlier 
result of scoring only 1% for reducing the cost of 
conversion as a suggestion to encourage CNG 
operation given by the “C” sample respondents. I t  
may be argued, however, that after conversion the 
cost has no longer been a problem. Whereas, for 
those who did not yet convert it is still an obstacle 
to be bridged. 

-Current conversion cost is seen as exaggerated. 
Conversion companies put the blame on custom 
duties and taxes imposed on parts used in 
retrofitting engines. 

-Clearly there is a conflict in interest between 
private enterprise companies and the government. 
While the first party is more concerned with 
profit, the second is interested in theeconomy 
and the environment. Therefore, it is not rational 
to hope that private companies can sustain 
attractive financing schemes aiming at protecting 
the environment. 

6 RECOMMENDATIONS AND 
TRANSFERABLE LESSONS 

Based on the results of the questionnaire and 
interviews, the following recommendations may be 
drawn out. 
-To improve environmental awareness among taxi 

drivers so as to help the current efforts for 
increasing conversion. 
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-To introduce environment earmarked tax (i.e., 
carbon tax) on gasoline sales to be dedicated to 
boosting conversion of taxies to CNG operation. 

-To adopt a strong and continuous campaign for 
advertising the benefits of conversion to CNG. 
Disseminated information has to accurately 
express the benefits as well as the possibilities for 
so in e demerits. 

-To urge the Syndicate of Taxi Drivers and CNG 
producers to encourage conversion and to 
participate positively in the conversion effort. 
This should be materialized in, for example, 
giving financial support to taxi drivers wishing to 
convert with favorable repayment conditions, to 
conduct their own awareness campaigns on the 
merits of CNG operation, etc. 

-To raise diesel price without exerting 
corresponding increase on the prices of other 
products that depend on diesel, e.g. popular 
breads. This will increase the relative 
attractiveness of CNG as an alternative he l .  

-A proportion of the revenue from exporting the 
gasoline saved due to the use of CNG in 
converted taxis is to be dedicated to the cause of 
encouraging more conversion to CNG. 

-The government should play a more positive role 
i n  providing attractive financing schemes to 
encourage conversion. This role should not be left 
to the private enterprise alone. The following 
three r eco in in end at io n s pro vi d e so me p o s si b 1 e 
options. 

-To reduce fees and taxes on license renewal for 
converted taxies. 

-To reduce taxes and custom duties on parts used 
i n  engine retrofitting. 

-To attract interested international organizations, 
fi.inding agencies and interested NGOs to 
participate in offering attractive financing 
schemes for conversion. 

-To work seriously on seeking solutions for 
increasing the number of fuelling stations in GC 
and other big cities. 

-To encourage production and imports of 
dedicated NGVs. 

-To help the owners of old taxicabs to buy new 
vehicles with dedicated CNG engines rather than 
to convert into CNG. Old taxicabs should not be 
alloLved, even if converted to CNG. 

-To improve and increase conversion and 
maintenance workshops. Proper training of staff 
is a must. 

- I t  is important to study the problem of increased 
maintenance cost after conversion. The outcome 
can help so much in encouraging conversion to 
CNG if it is proved that the increase in 
maintenance cost is not related to the conversion 
and use of CNG. This is particularly important as 
many other drivers indicated that maintenance 
cost did not increase after conversion. Similar 

studies are required to find solutions for lack of 
engine power especially for old vehicles. 

-To consider the establishment of local 
manufacturing of parts used in retrofitting 
engines so as to eliminate custom and tax burden 
and reduce the conversion cost. 

7 CONCLUSIONS 

Policies for conversion of taxicabs and other 
vehicles into CNG operation have high potential to 
offer good solutions for better urban environment, 
particularly in crowded cities Egypt is one of the 
developing countries that have been adapting 
policies to convert urban taxicabs into CNG 
operation. The policies achieved many successes and 
also showed some practices that need enhancement 
Based on a taxi drivers questionnaire and interviews 
with policy-related persons, this paper revealed 
useful recommendations and learned lessons 

Cost incentives seem to be one of the most 
effective policies to encourage conversion of 
vehicles to CNG Therefore, propre schemes for 
repayment of conversion cost and fuel pricing are 
essential However, without sufficient number of 
CNG filling stations close to demand locations, such 
programmes are likely to be less and less attractive 
This is particularly true for those who place high 
value to time like taxi drivers Governments, 
therefore, must give all possible encouragement to 
facilitate the procedures and reduce the cost required 
for the provision of such facilities. Policies should 
also include proper information dissemination 
Without such effort, it is likely that many owners 
and operators who are more familiar with the use of 
conventional fuels will hesitate to convert to the less 
familiar CNG, or even sometimes will not convert 
because simply they do not know about it1 

Furthermore, the national environmental policies 
should strongly emphasize the need for national 
programmes for increasing CNG use in transport 
This is of particular importance for natural gas 
producing counties and those who can import it from 
neighboring ones It is also recommended that 
countries who already apply CNG conversion 
policies and those who are serious about adapting 
similar ones, should exchange information and share 
experience. Many of the learned lessons in this area 
are transferable. 
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Le programme 'BUS PROPRES' pour un environnement de qualitk 
El programa 'AUTOBUSES LIMPIOS' para un entorno de calidad 
The 'CLEAN BUS' scheme for quality environment 

Alain Curtil & FranGois Barbier 
Rkgie Autonome des Transports Parisiens (RATP), Paris, France 

RESUME: Le programme "BUS PROPRES" est dkployk selon trois axes principaux : 

- meilleur exercice des mktiers de conduite et de maintenance, 

- traitement des vkhicules existants par le choix des carburants et par l'adoption de systkmes de post- 
traitement des gaz d'ichappement, 

- utilisation des knergies alternatives pour les bus neufs : le gaz et I'klectricitk. 

Les choix sont issus de la veille technologique constante, de la coopkration avec les organisations nationales 
ou internationales du domaine, et des propres moyens dont s'est dotke la RATP pour valider les nombreuses 
technologies krnergeantes. 

RESUMEN : El programa "AUTOBUSES LIMPIOS" esta desplegado segun tres ejes principales : 

- Mejor ejercicio de las actividades de conducci6n y de mantenimiento, 

- Tratamiento de 10s vehiculos existentes por la seleccion de 10s carburantes y por la adopci6n de sistemas 
de post-tratamiento de 10s gases de escape. 

- Utilizacion de las energias alternativas para 10s autobuses nuevos : el gas y la electricidad. 

Las selecciones proceden de la vigilancia tecnol6gica constante, de la cooperacibn con las organizaciones 
nacionales o internacionales del campo y de 10s propios medios de que dispone la RATP para validar las 
nurnerosas tecnologias emergentes. 

Summary: the "CLEAN BUS" scheme covers three main lines: 

- better application of driver and maintenance professions 

- processing of existent vehicles by the choice of fuels and by adopting the re-processing of exhaust fumes. 

- use of alternative energy sources for new buses: gas and electricity. 

The choices stem from the continuous technological watch, the cooperation with national and international 
groups working in this field and the means the RATP is geared with to validate the numerous emerging 
technologies. 
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1 INTRODUCTION validation. Un march6 avec garantie de rksultats 
portant sur l'ensemble des coilits d'usage et des 

Avec plus de 200 lignes desservies par 4000 bus, le performances kcologiques en situation rkelle 
rkseau de la RATP assure plus de 2,5 millions de d'exploitation permet de minimiser les risques liks 
voyages chaque jour. Ce trafic est en constante 
progression depuis 10 ans, dkmontrant l'attractivitk 

filikres kmergentes. 

de son rkseau et l'adaptation de ses rkponses B la 
croissance de la demande des habitants de LE TRAITEMENT DES BUS DIESEL 
l'agglomkration parisienne. 
Bien que les bus de la RATP produisent moins de 
4% de la pollution gknkrke par l'ensemble des 
transports de surface, l'entrepnse a adopt6 une 
politique exemplaire de lutte contre la pollution 
pour marquer sa dktermination B amkliorer la 
qualitk de vie en ville. 
Le programme permet de diminuer fortement les 
kmissions polluantes du parc actuel, 
essentiellement diesel, afin d'avoir un impact 
commercial B cours terme et ainsi amkliorer 
l'attractivitk des transports publics. I1 doit aussi 
faciliter les choix technologiques B opkrer au cours 
des prochaines annkes, kpoque de diversification 
ou les filiitres kmergeantes actuellement 
connaitront un potentiel de dkploiement industriel 
important. 

2 LAMETHODE 

La validation de chaque dispositif se fait selon les 
&apes suivantes : 

1- analyse physique de la solution proposke 

2- mesures au banc moteur sur des rkgimes 

3- mesure des kmissions polluantes B l'aide 

conditions rkelles d'exploitation, 
4- essai sur un autobus pendant quelques 

semaines, 
5- mesure des polluants rkglementks et non 

rkglementks, de la consommation B 1'UTAC selon 
le cycle urbain Ademe-RATP 2 1 reprksentatif 
d'une ligne urbaine dense, 

6- essais d'endurance sur un bus puis sur 
une ligne pendant 6 mois au minimum. 

afin d'en kvaluer la crkdibilitk, 

stabilisks pour les moteurs thermiques, 

d'un bus laboratoire en circulation dans les 

Ces ktapes franchies avec succks, la solution est 
jugke opkrationnelle. L'kconomie de la filikre est 
alors approfondie. 

Dans certains cas, les technologies mises sur le 
march6 par les constructeurs de vkhicules peuvent 
itre mises en euvre sans qu'il soit nkcessaire de 
passer par toutes les ktapes du programme de 

La RATP dispose d'un parc de 4000 bus B 
motorisation diesel dont le renouvellement 
s'effectue en moyenne B 15 ans. 11 est composk 
principalement de vkhicules Renault VI de 
plusieurs gknkrations : 
- 700 bus "SClO" conps dans les annkes 60, 
acquis jusqu'en 1988 qui ne disparaitront 
totalement que fin 200 1, 
- 1800 bus "R312, PRlOO et GX317" acquis de 
1988 B 1996, dotks de moteurs modernes avec 
turbocompresseur, les 780 derniers 6tant 
conformes B la directive europkenne "euro 1 ", 
- 1300 bus "Agora" acquis depuis octobre 1996, 
conformes B la directive ''euro 2". 
Le parc est complktk par plusieurs petites skries de 
vkhicules. 

Depuis plus de dix ans, de multiples dispositifs 
devant permettre de diminuer les kmissions 
polluantes des autobus ont ktk testes avec, comme 
priorite, la rkduction des particules considkrkes 
comme la principale nuisance des moteurs diesel. 

3.1 Le choix du carhurant 

La solution la plus simple pour rkduire les 
kmissions polluantes des autobus consiste B choisir 
un carburant peu polluant accept6 par le moteur et 
sa pompe d'injection. 
Aprks de multiples essais, le choix de la RATP 
s'est port6 sur l'Aquazole, une fine kmulsion de 
gazole et d'eau B 1 I%, avec environ 2% d'additifs 
pour stabiliser l'kmulsion pendant plusieurs mois et 
garder le pouvoir lubrifiant du gazole. 
Ce produit, dkveloppk par le pktrolier Elf Antar , 
permet de rkduire de prks de 40 % les oxydes 
d'azote et de 20 B 30 % l'opacitk des fumkes 
kmises. 

Ces rksultats s'expliquent par une diminution de la 
tempkrature dans la chambre de combustion et une 
meilleure rkpartition du nuage de carburant. Si l'on 
souhaite rktablir les memes performances 
dynamiques du moteur, il est nkcessaire 
d'augmenter le dkbit de la pompe d'injection. 
Rkservk en prioritk aux bus les plus anciens, 
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SClO RATP roulant a I'Aquazole 

Schkma de principe dLifi1tt-e a particules 

I'Aquazole est utilisk depuis fin 1998 pour les 126 
vkhicules du dkp6t parisien de Lagny. 

3.2 Les systgmes de post-traitenzent 
Le succks de ces techniques dkpend fortement des 
tempkratures observtes l'kchappement. Les 
conditions d'exploitation la RATP, en milieu 
urbain dense, sont peu favorables compte tenu des 
phases de ralenti importantes. 
Parmi les nombreux systkmes testks, seuls 
aujourd'hui les filtres a particules catalytiques 
ont franchi avec succks les ktapes successives du 
programme de validation. Associant un catalyseur 
d'oxydation et un filtre B particules, ils nkcessitent 
l'emploi d'un gazole hautement dksulfurk pour 
kviter "l'empokonnement'' de la catalyse. La teneur 
maximale en soufre est de 50 ppm alors que celle 
du gazole standard est de 500 ppm. 

21 bus de la ligne 72 en ont Cte dotks B partir de 
juillet 1998 et ont fait l'objet d'un suivi technique 
en partenariat avec les constructeurs pour tenir 
compte des spkcificites du matkriel roulant. 

Re'sultats sur cycle ADEME RATP 

Compte tenu des rksultats obtenus, un appel 
d'offres europken a Ctk lanck dkbut 99 en vue d'un 
dkploiement de filtres a particules catalytiques dks 
octobre 1999 pour un ob-iectif de 2200 bus kquipes 
en 2001B raison de 100 bus par rnois. 
Ce programme bknkficie de subventions de la 
Region Ile de France et de la Ville de Paris. 

Cette technologie s'applique uniquement aux 
vkhicules de moins de 10 ans, l'intkgration sur la 
ligne d'kchappement des SClO n'etant pas possible 
sans modification lourde de leur soubassement. 

Vue d'unfiltre a particules catalytique 
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Autohus RATP R312 kquipe' 

4 LES TECHNOLOGIES PROPRES POUR LES 
BUS NEUFS 

Pour les prochains marchks de renouvellement des 
autobus, B passer au deuxikme semestre 2000, le 
choix devra porter principalement entre : 

- le moteur diesel qui aura bknkficik des 
progrks imposks par la future directive Euro 3 

(au plus t6t en octobre 2000) avec 
kventuellement un dispositif de post-traitement B 

l'kchappement et/ou un carburant kvoluk, 
- le moteur au gaz naturel (GNV) ou au gaz 

de pktrole liqukfik (GPL). 

L'acquisition d'autobus Clectriques en faible 
quantitk pour des services spkcifiques permettra 
d'accompagner le dkveloppement de la filikre qui, 
A long terme, supplantera probablement les 
rnoteurs thermiques pour un usage urbain. 

4.1 Les bus au gaz. 

En vue de la prkparation de ces marchks, la RATP 
a dkcidk de tester B l'kchelle opkrationnelle les bus 
au gaz naturel comprimk et les bus au gaz de 
pktrole liqukfik. 
Deux marchks ont ktk passks pour 106 bus au GNV 
et 112 bus au GPL en deux tranches livrables en 
1999 et 2000. Les premikres lignes ont kte 
exploittes B partir de septembre 1999. 

Caractkristiques des bus au GNV 
Les bus retenus sont des Agora Renault VI au gaz 
naturel comprimk A 200 bars dans 9 rkservoirs en 

fibre de carbone disposks sur le pavillon et d'une 
contenance de 126 litres chacun. 
La technique de charge retenue est la charge rapide 
B la rentrke au dkp6t en fin de service, avec un 
temps de charge de 2 B 4 minutes selon les lignes. 

Les dispositifs de sCcuritk reposent sur trois 
principes : pre'vention, de'tection, traitement. 
La pre'vention consiste a kviter les sources 
d'ignition, B definir des prockdures d'exploitation 
des kquipements adaptkes, et A effectuer les 
formations nkcessaires. 
La de'tection de fuites dans les espaces confines est 
rkaliske par des faisceaux infrarouges situks en 
partie haute, le mkthane ktant plus lkger que l'air. 
Le traitement, en cas de fuite importante, va 
jusqu'a l'ouverture au tomatique des portes couplke 
B l'activation d'une ventilation puissante. 

Caractkristiques des bus au GPL 
Les bus retenus sont des GX3 17 GPL Heuliez avec 
moteur DAF B injection liquide. Le GPL est chargk 
dans deux reservoirs de 300 litres situks sur le 
pavillon. L'organisation et le temps de charge en 
carburant sont identiques au bus diesel. 
Les dispositifs de skcuritk en atelier sont identiques 
a ceux mis en ceuvre pour les bus au GNV, a la 
diffkrence des faisceaux infrarouges disposes au 
sol et dans les fosses, le mklange butane/propane 
ktant plus lourd que l'air. 

4.2 Les bus e'lectriques 

Depuis fkvrier 1996, deux midibus (7 m) 
klectriques expkrimentaux B batteries nickel- 
cadmium sont exploitks sur la ligne 

hiis RATP au GNV 

770 



Autobus OrCos 55E de GCpCbus 

bus RATP au GPL 

CO HC NOx Particules 

CwactCristiques de I'OrCos 55 E 
Batteries : Ni-Cd 
Longueur : 7.70 m 
CapacitC : 50 places 
Autonomie sans recharge en circuit urbain 5 4  km 
Autonomie avec recharges rapides en exploitation : 95 km Eurn 2 4 1.1 7 0.15 

Emissions conipal-E'es Eul-o2tE~it-o3tGNVIGPL sur cycle R49 

GPL catalyse' 
GNVcatalyse' 

largement diffusees et qui bkneficieront de progrks 
importants au cours de la prochaine dkcennie, iI est 
necessaire d'accompagner les developpements qui 
donneront le jour aux technologies de demain 

0.25 0.02 0.4 0.01 
0.7 0.1 4 0.01 

faisant largement appel a 1'Cnergie klectrique sous 
ses diffkentes formes. Montmartrobus. A chaque tour de ce petit circuit 

de 6 km B fortes pentes, une charge- rapide est 
effectuke au terminus en 5 B 6 minutes afin de 
permettre une exploitation sur toute l'amplitude du 
service. 

Trks apprecies, ils constituent une excellente 
solution pour amkliorer la qualitk de vie en ville : 
zero pollution gazeuse et sonore. Leur utilisation 
tlargie se heurte actuellement B une trop faible 
Cnergie massique des batteries et B un coGt 
d'acquisition double de celui d'un autobus diesel de 
meme gabarit. 

Afin d'en accompagner le dkveloppement 
industriel et de repondre aux souhaits de la 
clientkle, dans le cadre d'un projet de convention 
avec la Ville de Paris, le Montmartrobus sera 
entikrement dot6 de midibus klectriques. De plus, 

La RATP participe B un programme de preparation 
B la mise en exploitation progressive des bus B pile 
B combustible (dans 5 B 10 ans) pour lesquels, en 
plus des progrks B realiser au niveau du gknkrateur, 
il faut travailler B la maitrise de 1'Cnergie primaire : 
stockage et transfert du carburant. 

Dans cette perspective, le bus hybride skrie permet 
de tester ce que pourra etre l'environnement de la 
pile B combustible tout en offrant une soIution 
opkrationnelle. C'est pourquoi la RATP exploi tera 
avant la fin de l'annCe un premier bus hybride de 
12 mktres dot6 d'un moteur diesel de petite 
cylindree dimensionnk pour fournir 1'Cnergie 
moyenne consommee par le vehicule et non pas 
l'knergie de pointe comme pour un vehicule 
classique. 

une desserte de quartier avec cinq midibus 
electriques est B 1'6tude. On obtient deux avantages interessants 

Pour repondre B ces besoins et B des demandes de 
communes de I'Ile-de-France, un march6 pour la 
fourniture de 20 minibus Clectriques a et6 signk. 

- faibles emissions polluantes, 
- niveau acoustique rkduit. 

5 LES BUS DE DEMAIN 

Au-deli des technologies preckdentes, deja 
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6 CONCLUSION 

En attendant le dkploiement a grande Cchelle des 
bus klectriques vraisemblablement dot& d'une pile 
g combustible, la motorisation diesel composera 
encore majoritairement le parc griice aux progres 
qui seront rCalis6s dans les trois domaines complk - 
mentaires : carburant, construction, et post-traitement. 
Parallelement, les bus au gaz nature1 et au GPL 
connaitront un certain dkveloppement dont l'ampleur 
sera essentiellement conditionnie par la politique 
CnergCtique des ttats. 
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The impact of the integral automation adoption in the Siio Paulo Metro 
organization 
L’impact de l’adoption de l’automation compl2te dans le Mktro de Siio Paulo 
El impacto de la adopcion de la automatizacion total en la organizacion del Metropolitano 
de Siio Paulo 

Marcos Carnelo Barbosa 
Companhiu do Metropolitano de Sclo Paulo, METRO, Brazil 

ABSTRACT: n s  work is related to the study on the impact of the full automation implantation in Siio Paulo Metre. It 
analyzes the Company’s technological evolution, the impact and tools for the success in the adoption of new technologies 
in Siio Paulo Metre, besides describing some experiences of organizational models that wuold be adapted to the 
organization of a metro with full automation. 

RkSUM&: Ce travail concerne l’etude sur l’impact de l’implantation de l’automation integrale dans le Metro de 
Siio Paulo. I1 analyse l’evoltution technologique de la Compagnie, l’impact, les outils pour que de nouvelles 
technologies soient adoptees dans le metro de Siio Paulo de facon reussie, et il decrit de plus quelques 
experiences de modeles &organisation Qui s’adaptent a l’organisation d’un metro avex automation integrale. 

RESUMEN: Este trabajo se refiere a1 studio sobre el impacto de la implantacion de la automatizacion integral 
en el Metropolitano de San Pablo. Analiza la evolucion tecnologica de la Compairia, el impacto y herramientas 
para el exito en la adopcion de nuevas tecnologias en el Metropolitano de San Pablo, ademas de cescribir 
algunas experiencias de modelos de organizacion que se adaptarian a la organizacion de un metropolitano con 
automatizacion integral. 

1 TECHNOLOGICAL DEFLOPMENT OF 
THE SA0 PAUL0 METRO 

The Technological Development process in the Siio 
Paulo Metro, in its 31 years, is basically 
characterized by the increasing technological 
maturity of the Company and by the political 
picture at the implantation time of each line. 

In the implantation of the first Metro line, 
NortNSouth, around 1970, the new Company, with 
the inexperience of the Brazilian engineering in 
Metro systems, leaded Sao Paulo Metro to the 
contracting of foreign consulting and investing in 
the qualification of its human resources, performing 
visits and training periods abroad. 

In the project of the second line, EastNest, 
around 1976, the policy at that time was of 
“Nationalization”, that is, with the knowledge get 
in the first line, it had been possible the 
nationalization both of projects and of equipment. 
It is enough to say that, with such endeavours, the 
nationalization index of the EastNest line was of 
93%. 

In the third line, the adopted policy was that of 
opening of ports, which means that the commerce 
globalization started to affect Siio Paulo Metro. 

2 THE LEARNING PROCESS 

All those paths already passed by Siio Paulo Metro 
show the learning process to which it was 
subjected. Learning, in the technological 
development process, is related to several processes of 
skills and knowledge that are acheved either 
individually or by organizations. Technological 
Development, in the context, is used in order to make 
reference to processes through whch companies achieve 
technical slulls and knowledge. 

Change in the corporate structure is a prior 
condition for new kinds of technological capacity. 
Thus, authors such as Linsu Kim present, in their 
publications, the development model with 3 stages, 
which are: Implantation, Assimilation and 
Improvement. 
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Automation programs, which include modern 
computerized systems, provide gains in quality, 
flexibility, speed, etc. “The implantation of the 
knowledge on Flexible Systems has been reaching 
significant reduction in the number of workers and 
staff, and decrease of the time for launching of new 
products”.* 

As we could see above, in order to be able to 
place the Organization in a shape so as that it may 
achieve the best results in the use of state-of-the-art 
technologies, the organization learning process is 
fundamental. 

3 IMPACT OF NEW TECJXNOLOGIES IN 
THE ORGANIZATIONS 

A project such as that of conceiving, implanting and 
operating a hlly automatic Metro requires high 
integration among people, the organization and the 
technology, otherwise, the adoption of new 
technologies tends to fail. 

The organizations may increase their top 
(technology, organization and people) integration 
knowledge. The application of state-of-the-art 
technologies in the technological integration 
organizations, has been showing that the companies 
integrate more effectively the organization and the 
technological projects when they use the capacities 
inside their own companies, such as: 

@ Experts with general knowledge; 
@ Multi-purpose teams; 
0 Technical modeling; 
e Technological registration. 

4 FULL AUTOMATION AND ITS BENEFITS 

Metro trains driving technology, with hll 
automatism, without operators, has been firstly 
successhlly performed in 1983, in the Lille Metro 
(France), which was an important development. 
There are already several metros in the world with 
such technology and many projects in progress, 
including in cities provided with metros with 
traditional driving. The cities of Lille, Vancouver, 
Lyon, Docklands (London), Tokyo, Paris (Meteor) 
and Toulouse, among others, already have systems 
in operation, for several years. 

HAYES, Robert H. E JAIKUMAR Rarnchansdram. 
Manufacturing’s Crisis Tecnologies, Obsolete 
Organizations. Harvard Business Review, 
SepternbedOctober 1988. 

There are also smaller klly automatic metro 
lines, of the AGT (Automated Guideway Transit) 
type, systems of the people mover type, in some 
Japanese cities, interlinlung their urban metro with 
small commercial and residential centers, as well as 
interlinking in American, Canadian, Australian and 
European Cities serving the downtown, university 
campi and airports. The airports of Tampa, Seattle- 
Tacoma, Miami, Orlando, Pittsburgh, Denver, 
FrankhrtMain, Kuala Lumpur, Singapore and 
others have AGT-type systems in operation or 
under construction. 

Four arguments use to be placed by the people 
sceptic in relation to the full automation projects 
for metros: 

0 They eliminate employment; 
0 They limit the passengers to a non-human 
universe, where they are lee alone in case of 
incidents; 
0 They develop, in the potential users, a fear that 
appears from the absence of operators on board of 
the train; 
e They are more expensive in relation to the 
investment. 

Such arguments have been evidenced as not hlly 
true, as soon as the first automatic line of the Lille 
Metro has been implanted. 

Automatic metros provide many flexibility and 
adjustment of service offer to the demand, besides a 
very small headway, of approximately 60 seconds. 
This allows, without increasing costs, an 
exceptional service quality, concerning the offer of 
places, a perfect adjustment to the demand, 
regardless of the time, day or non-scheduled 
events. 

Full automatism requires, in some cases, besides 
their own automation equipment, some special 
safety measures for passengers, such as doors in the 
platforms, including in order to minimize 
perturbation by interEerence of the users, besides 
more sophisticated control centers and more 
developed intercommunication systems between 
users and operating agents. 

The elimination of operators does not 
obligatorily mean reduction of the staff, since they, 
withdrawn from their closed position inside the 
cabins, undertake new service attributions with the 
users and some technical responsibilities in 
emergency cases. Thus, it allows, to the contrary of 
the appearances, higher contract among the users 
and the company. 

For their good performance, automatic metros 
are provided with tools that allow them to treat 
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incidents within minimum times, which do not 
affect the service quality. Besides, the full 
automatism is reflected in automation of large part 
of the systems, such as ticketing, and also a fully 
automated maintenance, as well as an 
administrative and operating management in real 
time, and klly integrated. 

Its adoption requires an administrative re- 
engineering of the operator companies, because it 
generates a series of functions not foreseen in the 
conventional metros, besides requiring an evolution 
in the positions of station agent, control center 
operator, line agent (former operator), etc. 

5 THEHUMANISSUE 

5.1 Operators and their new Jirnctions 

Public opinion understands any kind of automatism 
as “reduction of staff’. It is the case of the train 
operation without operators. Such point of view is 
not true. If it is right that the automatic systems 
tend to suppress certain jobs, many of the hnctions 
are replaced by others with higher technical and 
human contents. 

The train operator and the Operational Control 
Center operator get new functions. The creation of 
teams that perform multi-purpose tasks, without 
existing a previous definition of specific functions 
for its members, the so-called semi-independent 
groups, is an idea firstly developed in the coal 
mines in Durhan, England, around 1948, and the 
most recent and famous are those which are being 
developed in the Scandinavian Countries, 
specifically the experience of Volvo and Saab, and 
followed in many other modern companies. They 
have direct application in the automatic metros. 
Under the individual point of view, it requires the 
development of multiple skills and special training. 

Thus, the metro operator’s mission is enriched. 
In the full automatism, the aspects of safety, of 
service re-establishing, of service to the users and 
others, are mixed in a new dimension. The train 
operator becomes an itinerant presence, and the 
metro without operator becomes a more human 
metro. 

It must be reminded that in the modern metros, 
the driver is provided with assistance tools that 
leave hindher, in the majority of time, without a 
direct fimction. Automatic driving limits hidher 
responsibilities to two main tasks: 
e To warrant safety in the exchange of passengers 
in the stations (arrival in the station, sequence of 
closing of the train doors, exit). 

0 To warrant the continuity of service in case of 
incident (intervention in the rolling stock andor 
retaking of manual driving, after a failure of the 
driving automatism or of the rolling stock). 

5.2 Concerne with the users 

The general trend of evolution of the public 
transport companies leads them to have an 
increasing concern and to develop, therefore, new 
functions that warrant a constant presence of the 
operator company with the passengers. 

The traditional functions of station agents and 
controllers are then replaced, enlarged and 
enriched, and may be classified in two categories: 

e Technical activities of supervision and of first 
level of maintenance, such as operational 
intervention on the system and equipment, technical 
quality supervision, help in the diagnosis of 
incidents, etc. 

Activities oriented for the customer assistance, 
in safety questions, provision of several 
information, actions for environment improvement, 
assistance to the users in case of incidents, filing of 
complaints, fight against fraud, etc. 

5.3 
issue 

Reyuiredpersonnel and the Trade Union 

In case we limit ourselves to the techcal 
functions, the economy regarding the number of 
employees would be possible, since the number of 
agents required in line is lower than the number of 
operators who would warrant a traditional service. 

Such economy in the technical operation may, 
therefore, be used in order to create the new 
employment of users’ service, control and follow- 
up agents. This is the newest trend appearing. 

6 A NEW ORGANIZATION FOR TJiE SA0 
PAULO METRO 

The proposal for work organization arises from 
different concepts of productive system. The 
scientific management starts from a mainly 
technical conception; on the other hand, the 
enrichment of positions emphasizes the social 
system, practically disorienting the production 
technical conditions. 

The model of Semi-Autonomous Groups is a 
result of the social-technical conception for analysis 
of the organizations. It also provides that the 
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productivity system will only reach its maximum 
productivity when the joint operation of the 
technical system and social system is optimized. 

Under the social aspect, it is admitted that the 
most relevant point is the cooperation required 
among the elements comprising the group, that is, 
the support for the inter-relationship among people 
is the work relations and not spontaneous relations 
of friendship, as provided for by the defenders of 
the enrichment of positions. Besides that, under the 
individual point of view, it requires the 
development of multiple skills. 

Under the technical aspect, the main concept is 
that of self-regulation. This arises from the concern 
of avoiding formalization of positions, and allows 
the production system to be characterized by a 
large dose of flexibility. 

Summarily, in the Model of Semi-Autonomous 
Groups, the Group receives a task with low 
detailing level, is provided with resources for 
performing it and independent to be structured 
during the work development process. The implicit 
idea is that “a group, formed by the lower number 
of people, capable to perform a f.11 job and 
comply with the social andpsychological needs of 
its members, is the most satisfactory and eflcient 
arrangement, both from the point of view of the 
task performance and from the point of view of 
those who are working”.** 

However, it may be seen in the modern 
technologies that there is no more space for low- 
skilled people, who not have wide view of the 
system. An example of that is the full automation 
technology of Metros. 

The highest difficulties, however, originated 
from the resistance developed by the other sector 
of the Company against the changes, which, 
unavoidably, results in the introduction of a STG 
model in the organizational structure. Firstly, there 
is a decrease of the hierarchical levels, since the 
need of external coordination decreases. In second 
place, there is the reduction of indirect labor force, 
since the tasks of work planning and control are 
assigned to the group elements. Finally, “the 

7 CONCLUSION 

The experience of the fully automatic Metro 
companies, without operators, converge to state 
that the full automatism allows, concurrently, an 
exceptional service quality concerning the service 
frequency and adjustment, and of offer to demand, 
as well as an operational economy, which 
corresponds to the absence of operators, which will 
more fiequently result in creation of users’ service 
and assistance employment. 

In addition, there is the gain to the users, 
brought by the quality of the full automatism 
specific service, even if such gain may be hardly 
measured. 

The user’s service quality brought by the full 
automatism widely justifies its implementation. At 
constant cost, developing new functions in the 
public service operation, and the technical 
employment introduced by technology, the full 
automatism of operation allows to reduce the 
waiting times and improve the service to the public 
in all its aspects: cleaning, information and safety. 

In order to achieve all social and economic 
advantages of such technology, the companies are 
required to explain to their employees the interest 
of the operation functions, which may be developed 
with constant budget, due to the disappearing of 
the operator function, which currently does not 
provide real interest. 

It has been shown how the disappearing of the 
operator function allows to improve the service 
quality and assign the operation staff for more 
diversified tasks, which allow to ensure a better 
service to the users, by the personnel in direct 
contact with the passengers. 

The impact of the integral automation adoptions, 
not only for the Silo Paul0 Metro but also for the 
majority of Metros of the world, will have to make 
a deep organizational study. In such work, we saw 
a brief study of the main impacts and are to be 
taken at the time of choice of state-of-the-art 
technologies. 

changes in the autonomy degree seem to result in 
changes in the worker’s position within the BTBL1oGRAPHY 
company. In order to dejne the nature of such 
change, there is a single expression that seems 
proper to me, which is the democratization of the 
work site, f...) democratization of the work 

Alouche, Peter L. - Year 9 - June/87 - Perspectivas de 
Automaqiio nos Transportes de Massa - Revista of 
ANTP NO. 36 - 

\ ,  

relations. ’’**r Alouche, Peter L. - Year III - Decemher/91 - A 

n ** 
RICE, A. K. Productive and social organization. EMERY, F.E. Technology and social organization. 

London, Tavistock Publications, 1958. Scientific business, August, 01, 1963. 
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Sistema de tranvia para la ciudad de Santiago de Cuba - Una alternativa 
para el transporte urban0 
System of tramcar for the City of Santiago de Cuba - An alternative for the urban transport 

Gonzalo Bruzos Bonzon & Royne Govea Pino 
Center of Engineering of the Transport of Eastern IT Group, Santiago de Cuba, Cuba 

RESUMEN 

En la ciudad moderna es cada vez mas comun el us0 de sistemas de transportes guiados, dad0 a las 
posibilidades que brindan estos en capacidad de transportacion, confort, proteccion del medio ambiente y 
otros. 
Estudios realizados en Santiago de Cuba muestran que para esta ciudad el tranvia rapido, en interaccion 
con el sistema de omnibus urbanos, seria la variante mas apropiada en condiciones de crecimiento de la 
demanda de transportacion. 
El trabajo incluye aspectos de organization de las transportaciones, parametros tecnicos del 
material rodante, cantidad necesaria de Cstos, inversiones, trazados y cuales serian 10s beneficios que le 
reportaria a la ciudad en terminos de impact0 ambiental y confort de transportacion. 
En la investigacion se emplearon metodos de optimizacion, pron6sticos y sistemas automatizados 
diseikdos a tales efectos. Se realizaron estudios de la movilidad de la poblacibn, crecimiento demografico, 
desarrollo territorial de la ciudad, asi como se tiene en cuenta las caracteristicas de sismicidad de la misrna en 
las propuestas analizadas del sistema de tranvia. 

ABSTRACT: 

In a modern city, it is more common the use of system of guided transport, due to the possibilities that they 
offer in capacity of transportation, comfort, and protection of the environment and others. 
Studies carried out in the city of Santiago de Cuba show that for this city the fast train, in interaction with the 
system of urban buses, it would be the most and proper variant in condition of increasing of the claims of 
transportation. 
The work includes aspects of organization of the transportations, technical parameters of the rolling stock, 
necessary quantity of these, inversions desingns and which would be the benefits that would report to the city 
in terms of environmental impact and comfort of transportation. 
In the research work was used methods of optimizacion, and systems, predictions and automatized designs to 
real effects. Studies of the mobility of the inhabitants were done, demographic growth, development of the 
territorial city, as well as the seismological characteristic of the same in the analyzed proposal of the system of 
tramcar. 

1. INTRODUCCION transporte guiados constituyen una alternativa a las 
transportaciones urbanas de pasajeros. 

El transporte es uno de 10s principales problemas de Particulannente el tranvia, luego de un period0 de 
las grhdes ciudades e inclwo se vislumbra que esta decadencia en 10s afios 50 y 60, ha resurgido con 
situacibn existe para las medianas y pequeiias nuevas y eficientes tecnologias. 
ciudades, donde el transporte automotor de pasajeros Los estudios realizados en la ciudad de Santiago de 
no satisface a plenitud las demandasde Cuba muestran que &a, por la cantidad de 
transportecion. Es por ell0 que 10s sistemas de habitantes su movilidad y por las propias 
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caracteristicas de la ciudad, requiere como 
alternativa a1 transporte por omnibus de la 
implantacion de un sistema de tranvia rapido, sobre 
todo para la perisferia de la misma la cual no cuenta 
con servicios efiscientes de transporte por el deficit 
de arterias viales que satisfagan 10s niveles de 
circulacion vehicular. 
La experiencia ha demostrado que 10s sistemas de 

transporte sobre rieles constituyen un medio capaz de 
absorber altos volumenes de trafico ofieciendo a1 
rnismo tiempo gran seguridad para el usuario y un 
aporte positivo a la preservacion del medio ambiente. 

2. CARACTERIZACION DE LA CIUDAD DE 
SANTIAGO DE CUBA. 

2. I .  Antecedentes. 

La perspectiva de desarrollo de la ciudad se enmarca 
con un krea de 266 Kmz y un crecinliento poblacional 
de mas de 500 mil habitantes para una movilidad de 
2.33 viajes de origen a destino diarios por habitante. 
De estudios realizados se pudieron pronosticar 10s 
voliimenes de transportacion que demandara la 
poblacion en el aiio 2005, a partir de 10s datos del 
desarrollo economico y socio - cultural del territorio. 
A la luz de aquellos datos heron determinados 10s 
corredores de flujos que respondieran a 10s caminos 
minknos de transportacion entre cualquier par de 

Figura 1. Zonas de transporte de la ciudad de Santiago de 
Cuba. 

puntos de la Ciudad, para 10 cual esta fue dividida en 
56 zonas de transporte, segun se observa en la figura 
1. 
Ello exigio del empleo de 4 grupos de modelos 
economico - matematicos y de la utilizacion de un 
sistema automatizado para estudios de la movilidad 
de la poblacion y calculo de flujos de pasajeros. 
Como resultado se constat6 la existencia de tramos 
en red vial con una carga de hasta 10 000 
pasajeros en la hora punta y en el sentido mas 
cargado. 
Dada la extension territorial y la pobiacion de la 
Ciudad (cercana ya a1 medio millon de habitantes), se 
puede concluir en la necesidad de concebir un 
sistema de transportacion de capacidad intermedia, 
para las que la literatura especializada y la propia 
experiencia en una gran cantidad de ciudades con 
las mhs disimiles condiciones recomiendan el us0 de 
vehiculos acoplados guiados. 
Por otro lado la t6cnica actual ha elevado 
considerablemente 10s limites cl5Lsicos delos sistemas 
tranviarios, en velocidad, cargas remolcadas, 
pendientes superables, disminuci6n de 10s impactos 
ambientales, consolidando con estos factores las 
ventajas del tranvia como medio de transportacion 
masivo . 
Detallando las ventajas competitivas de este medio se 
puede decir en tenninos: 
0 Ecologico. 

la 

a) Mayor integracion a1 entorno. 
b) Menor ocupacion del suelo. 
c) Menor emision de ruido y polucion del aire. 

a) Mucho & seguro que otros medios 

b) La seguridad puede ser garantizada 

0 Seguridad. 

terrestres. 

establemente. 

a) Los consumos son relativamente menores. 
b) Puede aportar energia a1 sistema energetico 

de la ciudad. 

0 Consumo energetico. 

2.2. Concepcion del tranvia. 

El sistema de tranvia se concibe para evacuar grandes 
volhenes de pasajeros, 10 cual se logra con el 
acoplamiento de varios arrastres a un equipo de 
traccion. Tales sistemas pretenden evacuar 
fimdamentalmente los flujos de pasajeros con 
distancias de transportacion mayores, 10 que lleva 
consigo un mayor distanciamiento entre paradas y 
prioridad en la circulacion. 
La utilization de sistemas de transporte urbano 
guiados como medio de transporte de pasajeros, 
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ofiece la posibilidad de aplicar una nueva estructura fimdamenta economicamente de acuerdo con 10s 
organizativa en la esfera del transporte, la cual 
posibilitaria la satisfaccion de la demanda de 
transportacion de pasajeros en la ciudad de Santiago 
de Cuba sobre todo a1 contar esta con muy pocas 
arterias que permitan un elevado nivel de circulacion 
tanto de vehiculos ligeros como omnibus rigidos y 
articulado s. 
La nueva estructura organizativa consistiria en la 
integracion del sistema de transporte de la ciudad 
alrededor de un element0 estructurador de aka 
capacidad con 10 cual se optimizarian 10s recursos 
existentes en dicha actividad. 
Las caracteristicas hcionales de Santiago de Cuba, 
la necesidad de integrar zonas residenciales 
densamente pobladas, con escasos puestos de trabajo 
y estudio, asi como con una Saestructura socio- 
cultural insuficiente y distanciadas de las principales 
zonas (central, industrial, residenciales) del territorio, 
inciden de forma decisiva en la adopcion de la 
variante de tranvia. 
Esto constituye la base de la concepcion del sistema 
de tranvia en Santiago de Cuba, para cuyo diseiio de 
trazado se utilizo el Cartograma de flujos de 
pasajeros en la ciudad Santiago de Cuba, segim se 
observa en la figura 2. a partir del cual se definieron 
y evaluaron a travks de sistemas automatizados 
diferentes variantes de trazado en su interrelacion 
con el transporte colectivo por omnibus. Como 
resultado se obtuvieron las direcciones de 
transportacion donde la implantaci6n del tranvia se 

voliunenes de pasajeros a asimilar. 

2.3. Trazado. 

La longitud total del trazado propuesto es de 32 000 
metros, de ellos 200 metros de viaducto. Se prevk en 
la totalidad del trazado la doble via con el objetivo de 
garantizar la fiecuencia de linea y la seguridad en la 
circulaci6n. 
Se propone la utilizacion de dos tipos de 
superestructura para la via : via normal en el caso de 
sitio propio y via sumergida en caso de sitio 
reservado. 
En el primer caso se prevkn carriles de 10s usados en 
vias fkrreas normales, con traviesas de hormigon a 
razon de 1 520 unidades por kilometro y bajo la 
traviesa una capa de balasto de no menos de 15 cm 
de espesor. En el segundo caso seria via en placa 
mixta con carril sumergido (con garganta) y traviesas 
de hormigon a razon de 1680 unidades por kilometro 
y una losa de hormigon armado bajo la misma de 15 
cm de espesor. 
Esta propuesta se fimdamenta en las posibilidades 
materiales y tecnologicas con que cuenta el pais, 
facilitando con esto la posible construccion 
reduciendo la importacion de recursos para la 
construcci6n de la infi-aestructura vial. En la figura 3 
se observa un esquema del trazado. 

Figura 3.  Red del tranvia en la ciudad de Santiago de 
Cuba. Propuesta. Figura 2. Cartograma del flujo de pasajeros en la ciudad 

de Santiago de Cuba. 
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La cantidad de paradas estara en funcion del us0 del 
suelo, asi como de las nonnas de distancias y 
seguridad de movimiento. En el centro de la Ciudad 
seria entre 500 y 700 metros, mientras que en las 
zonas intermedias estaria entre 800 y 1000 metros. El 
trazado propuesto comprende nueve lineas. El 
sistema asi concebido asimila el 54.6 % de la 
demanda de transporte public0 colectivo. 
El sistema se caracterizara por, la disposicion de la 
linea del tranvia en la seccion transversal dependera 
de las condiciones fisicas y de t r h i t o  de la via. 
Por 10 general se ubicara en el centro de la calzada 
o en el separador, se prevC la separacion normal de 
via de 1435 mm, la fhja para la doble via tendra 7.0 
metros de ancho, el valor de la pendiente longitudinal 
en todo el trazado esta por debajo del 10 %, valor 
nxkimo recomendado de acuerdo con las 
caracteristicas tCcnicas de 10s equipos. 

2.4. Demanda de transportacion. 

La demanda de transporte h e  calculada en base a 10s 
datos de la perspectiva: 
Poblacion : 505 000 habitantes. 
Indice de movilidad: 2.33 viajeskabitantes en un dia. 
Magnitud de la demanda en hora punta: 8 %. 
Como resultado se obtuvo que la demanda de 
transportacion en la hora de mhxima demanda es de 
35 086 pasajeros. 

2.5. Material rodante. 

Se propone la utilizacion de equipos con dos motores 
de corriente directa que trabajan con un voltaje de 
750 V y desarrollan una potencia de 275 Kw, 
capaces de vencer pendientes del 10 %. 
La capacidad de transportacion de las formaciones 
sera de 276 pasajeros, a raz6n de 8 pasajeros por 
metro cuadrado . 
Los equipos deberh estar dotados del sistema 
chopper que permita regular el consumo de corriente 
en el moment0 de arranque. Cuando la fonnacion 
emplea el fienado reostatico o recuperativo y el 
motor comienza a funcionar como generador, tiene la 
posibilidad de entregar energia electrica a1 sistema y 
alimentar otras formaciones que esten traccionando, 
10 que se traduce en menor consumo energetic0 del 
sistema de tranvia. Dicha entrega de energia se 
efectua a traves de la red catenaria, para 10 cual se 
deben preparar las subestaciones de traccion- 
reduccion. 
El ancho de 10s equipos debe ser igual o menor a 
2.40 metros. 
Para satisfacer la demanda de transportacion en la 
hora punta son necesarios 40 equipos. 

2.6. Afectaciones. 

Con la construccion de las nuevas estructuras 
necesarias para la explotacion del sistema de tranvia 
en la ciudad Santiago de Cuba son inevitables las 
afectaciones a las redes tecnicas. 
Las caracteristicas de las redes electricas dentro de la 
ciudad exigen una reestructuracion de las mismas 
para que esten tendidas por encima de la red 
catenaria. La red alimentadora del tranvia de 825 V 
habria que ubicarla al nivel requerido, asi como la red 
telefonica. 
Se debera disminuir la cantidad de cruces de acera a 
acera en las avenidas y en cada uno de ellos se 
tenderian mallas methlicas para evitar que 10s cables 
telefonicos o electricos entren en contact0 con la red 
catenaria en caso de averias. 
La red de comunicaciones telefonicas soterradas, por 
ser en conductos y poco densa, no debe tener 
muchas afectaciones en cuanto a su desvio, la 
profundidad minima de dicha red es de 0.60 m desde 
la rasante de la via hasta la corona del conducto. 
La red de acueducto, alcantarillado y drenaje es 
bastante densa en las vias del trazado, coincidiendo 
con las principales maestras de acueducto, asi como 
drenes y alcantarillado de gran diimetro. 
Las limitaciones a las redes pueden ser a 10 largo de 
la via o en 10s cruces de vias, por 10 que las mayores 
afectaciones pueden ser precisamente en el 
acueducto por 10s desvios que deben hacerse o por el 
encamisamiento de las tuberias para su proteccion. 
La prohndidad promedio en la red de acueducto es 
de 1.00 m desde la rasante de la via hasta la corona 
de la tuberia. Se afectm’an 12 viviendas a 10 largo del 
trazado . 

2.7. Valoracion economica. 

Para la valoracion de la efectividad del proyecto se 
emplearon indicadores tecnol6gicos, calculos 
presupuestarios, criterios de expertos y la experiencia 
en el trabajo de esta tecnologia a nivel mundial. 
Los elementos tomados en cuenta para el calculo de 
10s costos heron : Vias ferreas, deposit0 (talleres), 
obras de fabrica, red catenaria, subestaciones 
electricas, puntos de trafico, servicio de via, material 
rodante, imprevistos, accesorios, afectacion, patente 
y otros. 
En la Tabla 1 se presenta el resumen de la magnitud 
de la inversion y la estructura de 10s elementos antes 
seiialados en 3 parhetros fimdamentales. 
La inversion total asciende a 10s 77.2 millones de 
pesos, de ell0 se deriva que el costo especifico por 
kilometro es de 2.4 millones de pesos. 
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Tabla 1. Estructura tecnol6gica de la inversih. La Habana: 

Denominacion Costos Francis, K. Los transportes urbanos guiados de 
M M P  YO superficie. Edicion espaiiola. 1989. Recherche - 

Construccion civil y montage 28.30 36.70 Transports - Sdcurite. 

Equipos 35.60 46.10 
Otros 13.30 17.20 
Total 77.20 100.00 

la Habana. Informe de investigacion. 
Grupo IT. 

3. CONSIDERACIONES FINALES. 

1. 

2. 

3. 

4. 

5. 

4. 

En condiciones de desarrollo perspectivo de la 
Ciudad, el sistema de tranvia rapid0 constituiria 
una solucion que cubriria el 54.6 % de la 
demanda de transporte publico colectivo, con 
ventajas economicas, sociales y en Ia 
proteccion del medio ambiente. 

El sistema de tranvia de Santiago de Cuba 
requiere de un inversion total del orden de 10s 
77.2 h4h4 de pesos, desglosados en: 28.3 MM en 
construccion civil y montaje, 35.6 MM en equipos 
y 13.3 MM en otros. El costo especifico por 
kilometro es de 2.4 MM de pesos. 
El period0 de recuperacion de la inversion seria de 
3.5 6 0 s  si se aplica una tarifa de 0.20 pesos por 
pasajeros y de 8.3 afios si la tarifa fuera de 0.10 
pesos por pasajeros tomando en consideracion Ia 
fluctuation de 10s costos de explotacion. 
Para satisfacer la demanda de transportacion de la 
ciudad se necesita un parque conformado por 40 
tranvias y 2 14 omnibus. 
Reordenar el sistema de rutas de omnibus de 
transporte publico con vistas a que tributen a1 
sistema de tranvia. 
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LRT: Is it not the Hobson’s choice for the developing cities? 

K. Kumar & K. Radjamanickam 
L. Chennai Metropolitan Development AuthoriQ, India 

ABSTRACT : The paper describes briefly the fallout of urbanisation taking place across the 
world and highlights the degradation of environment by the ever-growing traffic plying in the 
developing cities. After outlining the difficulties in planning and developing MRTS, it makes 
a case for medium capacity systems particularly the Light Rail Transit system SLRT). 
Focussing the virtues of the LRT, it prescribes development of LRT system as the thrust of 
the sustainable transportation strategy for developing cities. 

1 .0 INTRODUCTION 

Developing cities have to manage the ever- 
increasing travel demand on the one hand 
and keep in check the emission caused by 
the vehicular traffic on the over. In pursuit 
of this, they have to choose between the 
bus or rail system. The metros becoming 
costlier by the day and going beyond the 
reach of most of the developing cities, a 
need has arisen for rediscovering the tram 
or the Light Rail Transit System (LRT). 

2.0 URBANISATION AND GROWTH 
OF MEGA CITIES 

2.1 The world population which was a 
billion in 1804, had increased leaps and 
bounds in the last 195 years and crossed 
the 6 billion mark in Oct.’99. Asia 
accounts for 61 YO of the world 
population. With population keep 
soaring in developing economies, the 
urban areas in the developing world, 

particularly, Asian cities will bear the 
brunt of the population increases. The 
mega cities with 10 m or more people 
are also multiplying like fruit flies. The 
number of mega cities which was just 2 
in 1960, had swelled to 17 by 1999 and 
is projected to 26 by 20 15. 

2.2 Of the 20 largest cities in the world in 
1990, 16 were in the developing 
countries and 4 in the developed 
countries. Again among the 16 largest 
cities in the developing world, 9 were in 
Asia. By 2000, 17 largest cities are 
expected to be in the developing 
countries (12 in Asia) and 3 in 
developed countries (Tokyo, New York 
and Las Angels). By 2000, there will be 
3 mega cities in India (Calcutta, Delhi 
& Mumbai). 

2.3 As productivity is high in urban areas, 
their economies are very vibrant. In 
India, urban areas accounted for 26 % of 
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the population in 199 1 and contributed 
to over 55 % of the country's Gross 
Domestic Product (GDP). This 
proportion is expected to grow to 60 % 
by 2001 when the urban areas would 
account for 33 % of the total population. 

Pune ! 411880 
Surat I 330961 
Vadodra 1 2 7 3 7 3  

:Yaranasi ! 199516 
I VisaWIapatnam 1 183476 , 

2.4 The mega cities are growing generally 
at very high rate and in many cases, 
they are doubling their population every 
10 years. Mega cities are primate and 
produce 25 to 60 % of the national 
GDP. Mega cities in general have 
incomes 35 to 60 % higher than the 
national average and they are centres of 
commerce, politics and education. 

7579 5 5 5  1 1052 141  
8463 1 5 5  j 8 %  0 1 7  . 
7579 72u i 1287 , 064 
7790 4 4 5  1 8 54 i 131 
8601 3 11 1 724 071 , 

2.5 Being engines of growth, mega cities 
are poised for higher levels of 
investments. Without investments in 
infrastructure commensurate with the 
growth of the cities, the quality of life is 
bound to suffer in urban areas 
particularly in mega cities where the 
density of population is relatively high. 

3.0 AN TRANSPORTATION AND 
ENVIRONMENTAL POLLUTION 

3.1 Cities, both in the developed and 
developing countries, are poised for 
greater concentration of population in 
the decades to come. The increasing 
population densities would place a 
premium on the capabilities of utilities 
and services in urban areas. The 
interplay of urban growth, transport and 
landuse planning would lead to urban 
sprawl, congestion and declining 
environmental quality. These problems 
have a sobering effect on city planners. 
Often they find themselves patching 
problems in one part of the city only to 
worsen symptoms elswhere. A 

comparative study of 4 world cities viz. 
London, Paris, New York and Tokyo 
indicates that the risks for road users are 
increasing menacingly as the cities grow 
and this is implied in that a bicycle rider 
is most likely to be killed in Tokyo, a 
pedestrian in New York, a commuter 
having to wait for a metro train during 
peak hour in Paris and for a regional 
train at London at rush hour. 

3.2 In many cities, there are severe traffic 
congestion and the quality of air is also 
consequently deteriorating menacingly. 
There has been vehicular population 
explosion in major cities, developed and 
developing. More than 550 million cars 
and 150 million trucks, buses and 
commercial vehicles ply the world's 
roads. The number of motorised 
vehicles/population is becoming 
significant in the developing cities. 
While USA, Italy, New Zealand, 
Australia, France and Germany have an 
automobile for every 2 persons, India 
has one per 228 people and China, one 

Table 1 Vehicle Population in 23 Largr~t Cili~s in lndis (As MI J1" ata id  19%) 

MebopdtanCity AxVehdes , TWs Tncks" Cars- 
Jeeps 8 

Tans I 

Ahmedabad I 571843 I 7731 I 2 6 5  ! 11 34 252 
Bangalore 933541 ' 7439 I 3 3  1452 1  29 
Bhopal- 222619 I 71 25 1367 4 10 160 
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per every 260 persons. The vehicle 
population in 23 largest cities in India 
are shown in Table 1 .  

? ?  
3 . 3  The traffic literally crawls along major 

arterial roads in many Asian cities. 
(Bangkok : 2.2 kmph, Tokyo : 4 kmph, 
Kuala Lumpur : 8 kmph, Manila : 10 
kmph. Mumbai : 12 kmph, Delhi : 22 
klll p 11. ) 

3.4 In the beginning of the century, 
automobile was seen as a clean mode. 
The virtues of the car have been well 
brought out in the 'The car Culture D, a 
1975 book by James Flink which 
recorded that in New York in 1990, 
horses deposited 205 m pounds of 
manure and 60, 000 gallons of urine 
every day. Every year, the city 
authorities had to grapple with 
removing 15, 000 dead hoses from the 
streets. Notwithstanding the fact that the 
car has been the most successful form of 
transport for the whole of the past 100 
years, it has become a major source of 
environmental nuisance now. An 
overview of air quality in 20 mega cities 
based on a subjective assessment of 
monitoring data and emissions 
inventories indicated that the cities such 
as Beijing, Mexico city and Seoul had 
sulphur dioxide (SO2) pollution 
exceeding World Health Organisation 
(WHO) guideline by more than a factor 
of 2 and cities such as Bangkok, 
Beijing, Mumbai, Calcutta, Delhi, 
Jakarta, Karachi, Manila, Mexico city, 
Seoul and Shangai had suspended 
particulate matter (SPM) pollution more 
than twice the WHO guidelines. The 
lead pollution exceeding 60 dB (A) was 
experienced in Tokyo, Calcutta, 
Shangai, Mumbai and Delhi. 

3.5 The Central Pollution Control Board in 
New Delhi, India, estimated the 
vehicular emission in the 12 largest 
cities in India which indicated that the 
pollution load exceeded 1000 tonnes per 
day in New Delhi. Wile Chennai took 
the 7'"postion, less populous cities such 
as Ahmedabad, Pune had pollutions 
higher than Chennai. The vehicular 
emission estimated in the 12 largest 
cities in India are indicated in Table 2. 

3.6 Various tools have been developed for 
air quality management by WHO, 
World Bank etc. Given the total number 
of vehicles with their types, registered 
in a city and also the average trip 
lengths the vehicle types, it is possible 
to assess the total vehicular emission of 
SPM, carbon monoxide (CO) and 
oxides of nitrogen (NoX). The total 
number of motorised vehicles registered 
in Chennai as on 31.10.99 was 1 ,  076, 
799. Using the average trip lengths by 
different modes established by the 
Comprehensive Traffic and 
Transportation Study carried out in 92- 
95 by Chennai Metropolitan 
Development Authority (CMDA), it is 
estimated that the total vehicular 

Table 1 EsUmilcd Vehicular Emission in 12 Largtst Cilits in India 

- 
SI j Nameofthe Vehicuhr Pollubon Load (Tonne pw DayJ 
No I city 

I 

1 

1 !Delhi 1330 ' - 8 %  12648 24957 65101 j 104630 
2 1 Mumbai 559  403 7082 10821 1 46992 ~ 65957 
3 i Bangalon 1 262 176  2622 7851 j 19536 I 30447 , 

1 4 Calnrtta ~ 325 365 5469 4388 1 18824 23971 
I 5 'Ahmedabad 1 295 289 4000 6775 I 17914 1 ?&?78 
t 6 Pune 1 239 128  16 '2  7 3 ' 2  1 16224 I 25531 

7 Cnennar 234 202  2821 5046 I 14322 22625 
6 Hydetabad 194 1 %  1684 5633 ~ 12617 I m84 

Jaipr 118 125 1529 3% ! 51 28 j 88% , 
10 Kanpur 105  108  i337  2224 ' 4842 j 8 6 9 1 7 -  
11 Lucknow 114 0 %  968 2% I 4922 ' 8345- 
12 Na I 0 5 5  I 041 510  1632 I 3499 1 5737 

G,:ziatai 3531 2984 ' 42288 a0996 1 ' 2 % ~ ~  

r---- - 

bmr C d  PolhmCatd had% Drh 'CrboSmlPd',W I%~t.TLpO.Gvl c~hrhr 
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emission per day in Chennai was 196 Tlible 3 Tnvd Time in Cicios 

tonnes with 4.7 tonnes of SPM. 34.2 
tonnes of NoX and 157 tonnes of CO. 
With the number of vehicles registered 
per day increasing at the rate of330 per 
day and the average trip lengths by 
different modes are also increasing with 
the urban sprawl, the quality of air is 
bound to deteriorate by leaps and 
bounds. 

3.7 Using one of the air quality 
management tools developed by WHO 
it is possible to estimate the air 
pollution health effects. The Tamil 
Nadu Pollution Control Board puts out a 
bulletin in the dailies on the pollution 
obtaining at selected road intersections 
in Chennai. According to this, the 
respirable dust particles (PM 10) is 177 
Microgram/m3. Which is more than the 
permissible levels of 100 
Microgramm/m3. Assuming the annual 
PMlO concentration of 177 
Microgram/m', application of the tool 
suggests that meeting the PM 10 
ambient standard of 30 Microgram /m3 
would prevent 1 1, 5 10 premature death 
and 30.10 million days of restricted 
activities due to respiratory illness each 
year. Brandon and Hommann (1995) 
has established monetary values for 
health damages. Adopting these unit 
values the health benefits in preventing 
premature mortality works out to Rs. 
391 million (US $ 46.7 m). The 
cumultative health benefits for meeting 
PMlO standard in Chennai works out to 
Rs.2.86. billion (US $ 66.5 m) per year. 

3.8 Commuters have to spend increasingly 
more time to travel to and from work. 
Reducing travel times has become a 
niaj or consideration for transport 

planners in rapidly growing inega cities. 
The travel time in different cities are 
indicated in Table 3. 

4.0 SUSTAINABLE URBAN 
TRANSPORATATION : GLOBAL 
INITIATIVES 

4.1 Following the Earth Summit held in 
Rio De Jenero in 1992, every city, 
developing have pursed various 
strategies for implementing the Local 
Agenda 21. Having the advantages of 
technological excellence, capital 
resources etc. , the developed cities are 
far ahead of developing cities in 
promoting sustainable transport 
development. 

4.2 There are several strategies 
successfully implemented in many 
developed and developing cities to 
promote sustainable transportation. 
Some of these strategies with city 
examples are as follows : 
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Reduction of sulphur and lead content 
in gasoline (City example : Bangkok, 
Alexandria) 
Effective inspection on enforcement of 
emission control measures (City 
example : Quezon, Ankara) 
Alternative fuels including CNG (City 
example : Ethanol in Brazil, particle 
traps in Ankara) 
Switching from two-stroke to four- 
stroke engines (City example : 
Bangkok) 
Developing Compact cities with high 
population densities (City example : 
Singapore, Hongkong, Portland, 
Oregon, Washington) 
Small self-sufficient urban centres 
linked by a public transport system 
(City example : Green towns in U.K) 
Channelling urban growth along public 
transit routes (City example : Brazil) 
Keeping goods vehicles and passing 
traffic out of the city centre (many 
cities) 
Road pricing (City example : 
Singapore) 
Reducing fuel subsidies and increasing 
fuel taxes (City example: Hungary, 
S i ng apo re) 
Banning goods vehicles during certain 
hours (City example : Manila, Bangkok) 
Bus priority measures (City example : 
Bangkok, Curitiba, Ottawa) 
Introduction of LRT (City example : 
Manila, Kuala Lumpur) 
Privatising and deregulating bus 
services (City example : Manila, 
London, Kuala Lumpur) 
Improving interchange facilities (City 
Example : China) 
Promoting informal transit system (City 
example : Manila, Lagos, Turkey & 
Nairobi) 
Promoting Bicycles (City example : 
China) 

Table 4 Modal Split in Selected Indian cities 

ihandigrh ' 1380 i 4  31 ~ IS 
\langalore ' 1986 "1 , ? I  I 1 

Uok ' ~ Includes Suburban Rd . ** . lnclUd6 h, Cycles, Tu, Autc-Rickshaws 
Cycle hckshaws etc 

4.3 If developing cities have to make 
substantial headway in the development 
of sustainable transportation, they may 
have to enhance the modal share in 
favour of transit modes particularly rail- 
based transit modes. The modal share 
obtaining in different Indian cities is 
indicated in Table 4. 

In view of the fact that there is 
considerable scope to improve the modal 
share by public transit modes to more than 
50 %, the solution lies in enhancing this 
share. Further the modal share between rail 
and bus needs to be tilted much in favour 
of the rail system. Given the fact that the 
bus transit in almost all the developing 
cities are run on gasoline and that its 
capacity cannot be stretched beyond a 
limit, it is imperative that the rail-based 
transit modes are promoted aggresively. 

5.0 WHY MRTS IS OUT RECKONING ? 

5.1 Though MRTS is a proven and long- 
lasting solution for managing large 
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volumes of mass transit trips, the resources 
it requires for construction and operation 
militate against its choice by many cities . 
Considering the enormous time and money 
required for developing the MRTS, it is far 
beyond the affordability of most of the 
developing cities. Though the travel 
densities justify construction of MRTS in 
many developing cities, they can ill-afford 
the MRTS option because the annual 
outlays required for constructing it would 
mean setting apart a lion’s share of the 
annual budget required for the city 
Government. 

5.3Construction and development of 
MRTS varies with the type of the structure 
adopted for the system. The construction 
cost of an at-grade, elevated or 
underground system varies in the ratio 
1 :5 :20. Except those cities, where well 
thought-out planning preceded the 
introduction of the MRTS system, the 
MRTS option is a choice by compulsion 
for the mesa cities in the developing world 
for post-crisis management of the 
worsening traffic situation. Since no 
preplanning was made, the expensive 
option of developing the MRTS either 
underground or elevated becomes the only 
choice for these cities. By and large, these 
cities have to plan for an underground or 
elevated RTS in the city core where travel 
densities are significantly high. 

5.3 Whether elevated or underground 
construction of the RTS facility 
necessitates re h a b i 1 it at i o n of various 
structures, utilities and services. It is 
more in the case of underground system 
than elevated system. The rehabilitation 
may include demolition and 
reconstruction of buildings, shifting of 
watedsewer mains, relocation of 

electrichelephone lines, reconstruction 
of storm water drains, construction of 
underpasses or overpasses wherever the 
RTS alignment crosses the city road 
network, rehabilitation of families 
affected by the alignment etc. This 
usually results in enormous cost and 
time over-runs in respect of many 
MRTS projects. 

5.4 The route selection for the MRTS 
invariably demands procurement of land 
and structures. Procurement of land and 
structures is a cumbersome procedure. 
In most of the cases, the procedure is so 
protracted that it results in enormous 
time over-run in the completion of the 
project which in turn increases the 
project cost. In many cases, the owner 
of the land or building challenges the 
acquisition proceeding in a court of law 
thereby delaying the procurement 
process. 

5.5 Where slum families are affected by 
the MRTS development it calls for 
detailed rehabilitation and resettlement 
programme (R&R). The R&R 
programme by itself is a process 
defying simple solution. First of all, an 
alternative site has to be so identified 
that the present job opportunities of the 
bread-winners of the affected slum 
families are not disturbed. Quite often, 
it would become necessary to 
rehabilitate the affected families en 
masse as these families live as a 
community. As shifting them to a far- 
flung suburban area would rob them of 
their employment, it is essential to 
identify the alternative site as close to 
the existing one as possible. In a built 
environment, it is very difficult to 
identify a vacant site for the purpose. 
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Alternatively high-rise buildings need to 
be constructed to rehabilitate the 
affected families. Though this option 
would be an expensive one, often this 
happens to be the only solution. The 
cost of this would, however, be an 
additionally to the MRTS project. 

5.6 One of the crucial factors which 
determines the route of the MRTS 
corridor is estimation of the travel 
demand. Though there are sophisticated 
mathematical models available for 
determining the route selection or the 
MRTS corridor. i t  has been found in the 
case of several MRTS projects the 
system, on commissioning, does not 
carry the anticipated travel demand 
oLving to various reasons. There are 
very few city examples where the trips 
carried by the system matched the travel 
projection. In many cases, the density of 
travel is so low that it questions the very 
veracity of the decision to construct the 
MRTS. In the case of Chennai, the 
MRTS, on commissioning of Phase I, 
carried hardly 15000 riders per day. 
This has now lead the city planners to 
devise ways and means to improve the 
ridership by appropriate spatial tools . 

5.7 The MRTS when constructed induces 
both positive and negative impacts on 
land use. In most cases, it results in the 
appreciation of land and property value. 
Besides lower order use of land and 
building getting converted into higher 
order, there is also an increase in the 
density of development. For the very 
reason that MRTS offers high mobility 
and accessibility benefits, most of the 
future developments tend to take place 
around this corridor, thereby saving the 
cost of providing circulation for the 

additional developments. The rigidity of 
the structure used for the RTS track 
particularly the surface one causes 
negative impact on the land use by 
causing a permanent divide on the 
existing developments. To a large 
extent, this is overcome if an elevated 
system is opted for. 

5.8 Even if the MRTS system is 
successfully implemented and operated, 
it can at best serve only that corridor 
along which it has been constructed. It 
cannot per se satisfy all the travel 
demand generated within a metropolis. 
City would necessitate expanding the 
RTS further, of course, with enormous 
resources or exploring other transit 
options. While in the case of mega cities 
certain corridors would absolutely 
demand implementation of MRTS, 
other less travelled corridors would 
dictate development of medium 
capacity transit options. As for the 
million-plus cities which are more in 
number particularly in India and in 
Asia, the primary arterial roads would 
dictate exploring busway system or 
LRT solution ; 

5.9 The cost of a MRTS system is beyond 
the affordability of most of the 
developing cities. While construction of 
8.5 km MRTS (partly surface, partly 
elevated) cost Rs. 2600 million over a 
period of I3 years in Chennai, 
extending the line for a length of 10.8 
km (elevated) costs Rs. 10 billion over a 
period of 5 years. Going by the rule of 
the thumb, constructing another 45 km 
of MRTS as proposed in the Master 
Plan of the Chennai Metropolitan Area 
would cost Rs. 45 billion. This would 
mean sitting apart 10 % of the annual 
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outlay for the entire State of Tamil 
Nadu. The annual outlay for the State of 
Tamil Nadu in the current year 1999- 
2000 is Rs. 4.5 billion. Assuming the 
project could be completed over a 
period of 8 years, it would require an 
aimual outlay over Rs.5.6 billion. This 
would mean setting apart 10 YO of the 
annual outlay for the entire State of 
Tamil Nadu. The annual outlay for the 
State of Tamil Nadu in the current year 
1999-2000 is Rs.4.5. billion. It implies 
that not even a handful of developing 
cities can afford MRTS. 

6.0LRT AS MEDIUM CAPACITY 
TRANSIT OPTION 

6.1 Medium capacity systems are those 
capable of carrying passenger flows 
varying from 12, 000 to 30, 000 
passenger per hour per direction 
(Boletin 1992). By this definition 
several technologies can be identified as 
capable of attending medium flow 
corridors. Indeed the potential capacity 
of different transit technologies heavily 
depends upon how they have to be 
applied and operated. In general terms 
any road or light rail based system, 
designated to cater for medium size 
transport demand must include a proper 
combination of vehicle characteristics, 
type of righ-of-way and regime of 
operation. Some other aspects such as 
the type and location of the critical stops 
o r  the type of traffic control system are 
also to be considered if medium flow 
capacities are to be achieved. In tems or 
righ-of-way, a mix of the following 
options is usually considered either for 
bus or LRT projects : 
Exclusive righ-of-way, b) Segregated 
r i g h t-o f- wa y , c) Reserved right-o f- way, 
and d) No right-of-way. 

6.2 Trams are a basic form of LRT which 
have limited rights of way for most of 
the route, sharing road space with other 
traffic. Trams were first introduced in 
1832 in the United States of USA to 
overcome the poor road conditions 
experienced by horse-drawn buses . 
Thus a tram was able to attract more 
passengers and carry them more cheaply 
than horse-drawn omni-buses (UNCHS- 
1993). With the advent of automobile 
technology in the early part of the 
century which led to bus design 
improvement, the tram began to be seen 
as an obsolete form of transport. Despite 
availability of cheap diesel fuel and the 
greater flexibility of bus technology in 
the past several decades trams staged a 
comeback in many cities in the post-war 
period. Most recently the issue of 
environmental protection has also 
played an important role in the 
rediscovery of LRT. 

6.3 There are more than 5 10 trams or LRT 
systems in use in the world over. The 
system is widely in operation in Europe 
and North America. Some of the 
developing cities have also built either a 
tram or LRT system. Notable among 
these cities are Mexico city, Manila, 
Istanbul, Rio De Jenero, Tunis, Cairo 
and Alexandria. 

6.4 Urban passenger rail transport in the 
USA has come full circle. The damage 
done during the 1950s and 1960s when 
scores of US cities abandoned their 
often-extensive urban rail networks in 
favour of the private automobile, is now 
being repaired. At the nadir of US urban 
rail contraction, only nine cities had rail 
systems. Today the number has 
reached25, and it is still rising. 
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6.5 One of the characteristics of LRT 
which distinguishes it from metro is that 
the minimum radius of curvature is as 
low as 10 m which allows the planning 
of the systems in tight and sinuous 
rights-of-way. Further LRT can also run 
on steeper gradients (upto 8 Yo) than 
matro systems. Passenger loads can be 
vary from 200 to 250 in the modern 
LRT car. Some modern LRT cars have 
low floors which improve low level 
access. Further delays at stops are 
minimised by providing several wide 
access doors for each car. One of the 
disadvantages with the LRT vehicles 
can become cumulative and there is no 
possibility of one LRT over taking 
another. Another disadvantage of LRT 
system is its inflexibility in route 
network. 

6.6 The passenger carrying capacity of 
LRT system varies between 20, 000 to 
30, 000. Measured LRT performance in 
cities of developing countries indicate 
that the system in Alexandria carries 1 1 ,  
600 passenger per hour per direction 
while the grade separated systems at 
Manila and Istambul about 25, 000. 
Peak capacity may be as high as 36, 000 
passengers per hour per hour per track. 
With intensive use of the standing areas 
(example 8 standing positiodm2) and 
trains at intervals of 90 seconds, upto 
30, 000 passengers can be carried with 
trains 80 m long and over 40, 000 
passengers per hour per direction can be 
carried with trains 120m long. 

6.7 The cost of construction of the LRT 
system is about US$ 10 to 30m per route 
kin against US$ 40 to 90m for metro (1993 
prices). Studies on transit systems for 
curitiba indicated that the proportion of 

investments required for the provision of 
one km of busway, LRT line and metro 
would be 1 : 10 : 100 respectively (via 
Urbana 1991). Though LRT systems are 
more expensive to construct than busway 
transit. the great advantage of the modern 
L,RT system is in their image and general 
environmental friendliness. LRT is seen as 
an example for modern technology which 
can contribute to civic prestige which 
invites political support as a high profile 
gesture towards tackling urban transport 
problems. 

7.0 WHY LRT IS HOBSON’S CHOICE ? 

7.1 Transportation choices are often made 
in the light of the difficulty, cities face 
coping with the rapid sprawl of suburbs. 
Urban roads are increasingly congested 
and any attempt to improve traffic 
management through road pricing or 
during peak hour or to expand roads to 
make more room for cars and buses 
faces very difficult challenges. 
Expanding the urban roads to link city 
centres to suburbs also involves a high 
degree of inflexibility and capital costs. 
Time is limited when cities have to 
come up with solution often light rail 
become the second best ,solution. 
Transportation experts like Clifford 
Winston are working on solutions to 
make peak tolls in congested areas an 
easier tool to adopt but Winston himself 
accepts the idea that in some cases light 
rail must be a first best solution even in 
cities that do not have the high density 
of Chicago or New York. A well- 
managed city like Portland, Oregon in 
the USA is investing in new light rail 
system. Likewise Dublin is developing 
a similar system in Europe. 
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7.2 The main reason as to why the LRT 
system qualifies for most of the travel 
corridors both in the mega cities as well 
as the million-plus cities is : 

i. it can be run along the existing travel 
corridor and thus avoid the need to 
acquire land for a virgin corridor ; 

ii. it can be developed step by step from a 
modern tramway to a means of transport 
running in tunnels or at or above 
ground level. Every development stage 
can be a final stage in itself; 

iii. it can co-exist with other modes ; 
iv. Even if the track for the LRT is laid at 

grade, it does not cause a permanent 
barrier as in the case of a MRTS system 
and permits pedestrians to cross the 
road. 

v. Growing popularity of LRT throughout 
the world and its image as a new mode ; 

vi. Contribution of the system to urban 
revitalization and development ; 

vii. Low costs of construction and 
operation, in comparison with metro ; 

viii. Generation of jobs in rail and 
construction industries. 

ix. The environmental benefits offered by 
its introduction are quite visible in the 
sense that with the possible shift in the 
modal choice by the people from private 
modes such as car and two wheelers to 
the LRT system, the air and noise 
pollution along the corridor are 
minimised or reversed ; 

s. 'l'he need for elaborate arrangements for 
inter-modal interchange does not arise 
as the system shares the same right-of- 
way with other modes of travel ; 

xi. The very fact that it uses the same right- 
of-way as for other modes of travel 
enables it to enjoy the same cost 
advantages as that of the busway system 
since the cost for the track laying is very 
minimal if i t  is laid on surface. 

. The fact that it can negotiate sharp 
vertical and horizontal curves makes it 
superior to the MRTS option and fit into 
any city road network. 
i. In the case of MRTS corridor which 
does not follow the city road network, 
any disruption of train operation would 
greatly inconvenience the commuters. 
The commuters, stranded midway, have 
to struggle to find alternate routes of 
travel for completing the balance of the 
journey. LRT system does not suffer 
from such shortcomings as the existing 
travel corridor would enable the 
stranded passengers to complete the 
journey . 

xiv. Before the MRTS system becomes 
operational, it requires all the 
infrastructure such as the track, the 
stations, the signalling etc. to be 
completed. It  cannot be introduced 
overnight. Since the right-of-way of the 
existing road will be used for 
movement, LRT has the advantage of 
being introduced quickly with the 
shortest gestation period. A corridor 
where a busway system is already in 
operation and where its capacity has 
been saturated, it would be easier to 
replace it by a LRT system and the 
buses could be redeployed elsewhere 
resulting in optimatisation of existing 
transport infrastructure. 

8.0 THE TRANSPORTATION 
STRATEGY FOR DEVELOPING 
CITIES : THE ROLE OF LRT. 

8.1 While strengthening and expanding the 
existing urban rail system must be the 
immediate strategy, planning and 
developing LRT and Electric Trolley 
Bus (ETB) should be the future strategy 
for less dense corridors in the mega 
cities and primary corridors in million- 
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'Table 5 Corridors QualiQing for LRT in Chennai " I  

; SI. , Road ' Vsldcle Pmons Trips I 

i NO I j Tnps 
I 1  j 1992 , 1992 , 2001 

1 1 Anna Salai i 13895 I 73499 93344 
' 2 NungarnbakkarnHighRoad 1 11901 33688 42784 
I - -  

i , Sardar Pate1 Road ' 4253 , 30250 38418 1 

.I Arcot Road , 8318 I 30159 49159 1 

j GNTRoad 4676 29457 , 37410 
6 Poonamallee Hiqh Road 7373 28004 I 35565 

-- 
-- 
-_________ 4 

l 7 Inner Ring Road (IRR) I 9316 20326 1 69718 
8 PurasawalkarnHighRoad 3870 20333 I 25823 , 

plus cities. This could be the thrust of 
the multi-pronged approach developing 
cities should follow to achieve alround 
sustainability in the development of 
urban transport at i o n . 

8.2 Potential cities should identify the 
corridors for introduction of the LRT 
and accordingly devise other traffic 
management measures for the selected 
corridor or network.. There could be 
more than one corridor qualifying for 
introduction of LRT in a million plus 
city. For example in the case of Chennai 
at least eight corridors quality for the 
system right away as indicated in Table 
5. 

8.3 Appreciating the fact that the balance 
of advantage lies in operating the LRT 
system on surface, all the junctions 
along the selected corridor should be so 
planned that any grade separated 
junction improvement contemplated 
shall have the underpasses or overpasses 
along the cross roads rather than the 
selected corridor. This is to ensure that 
the fly-over proposed does not impinge 
on the LRT system to be introduced 
later. Planning -wise it makes a lot of 
sense if busway along kerb lanes are 
introduced in the initial years before 
introducing LRT system because by 
then the travel density would have been 

stabilised for operating the LRT 
reasonably at a high frequency . 

9.0 CONCLUSION 

The fact that the air pollution is assuming 
alarming proportions thanks to the ever- 
increasing vehicular traffic obtaining in all 
the developing cities is sounding a note of 
caution to the city managers. Unless 
appropriate strategies are hammered out to 
contain or reverse the air pollution, the 
environmental degradation will go out of 
hand. The rediscovery of LRT system in 
many developed and developing cities 
point to the fact that the LRT system has 
potential advantages over the MRTS and 
that every large city, particularly 
developing ones could include 
development of the LRT system as part of 
their overall strategy to promote 
sustainable transportation. 
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Optimization of materials selection and design for car industry in order to increase 
durability and weight saving 

Claude Bathias 
C N M ,  Paris, France 

ABSTRACT : This paper propose some rules for optimization of materials selection and design for car 
industry order to increase durability and weight saving. 

1 INTRODUCTION 

Facing the international competition, car industry 
must increase the optimization of several factors 
such as costs, quality, durability, weight saving or 
environmental protection. 

In other words, the economical performances 
must be in good agreement with durability and 
safety for which design and standardization have to 
be drasticaly modified. 

Now, car components have a fatigue life larger 
and larger. A typical European car is built to run 150 
000 Km. Assuming that the average speed is 50 
Km/h that is to say the rotation of the engine about 2 
000 t/min ; it is found 5.10' cycles for the fatigue 
life of many components. 

In several industries, the required design lifetime 
of many components often exceeds 10' cycles. The 
requirement is applicable to aircraft, automobile, 
railway and offshore structures. Although a large 
amount of fatigue data has been published in the 
form of S-N curves, the data in the literature have 
been limited to fatigue lives up to 107 cycles. Time 
and cost constraints rule out the use of conventional 
fatigue tests of more than 107 cycles to check 
structural materials. A possibility of accelerated 
testing of specimens is now considered by using 
high-frequency cyclic loading. 

Safe-life design based on the infinite-life criterion 
was initially developed through the 1800s and early 
1900s one of which is the stress-life or S-N approach 
related to the asymptotic behaviour of steels. Some 
materials display a fatigue limit or "endurance" limit 
at a high number of cycles (typically > 106). Most 
other materials do not exhibit this response, instead 

displaying a continuously decreasing stress-life 
response, even at a great number of cycles (106 - 
109), which is more correctly described by a fatigue 
strength at a given number of cycles. 

Generally speaking, the fatigue S-N curve for 
steels is always considered to be asymptotic, i.e. 
horizontal to tlie N axis, and so no test were carried 
out beyond 109 cycles in order to check the 
continued existence of this asymptote. In this work, 
four low-alloy high-strengt!i steels and a SG cast 
iron were tested between 10' and 10" cycles using a 
piezoelectric fatigue test machine operating at 20 
kHz. The experiments are inexpensive and do not 
require much time. Tlie S-N curves for tlie five 
materials were obtained. Tlie most noticeable 
conclusion was that failure could occur beyond 107. 
even 10' stress cycles, and a fatigue limit could not 
be obtained until 10' cycles. It is therefore important 
to realise the risk of fatigue failure beyond 107 
cycles. 

In general, fatigue crack initiation is understood 
to occur on the specimen surface owing to the 
irreversible process of extrusions and intrusions 
through slip deformation. Most of the tested 
materials, however, clearly exhibited two kinds of 
fatigue initiation. One was at the specimen surface. 
and the other was in the specimen interior. 
Subsurface crack initiation was dominant in the 
long-life range, while tlie surface fatigue initiation 
occurred in high-peak stress tests and short-life tests. 
It is revealed that there is a definite stress range (or 
cycles regime, 1 o7 cycles) where tlie initiation 
location changes from the surface to the internal 
defect (inclusion or porosity). 
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Table 1 Chemical composition (wt%) of the five materials discussed in this paper. 
C Mn P S Si AI Ni Cr Cu MO V Mg 

42Cr-Mo4 0.428 0.827 0.012 0.024 0.254 0.023 0.173 1.026 0.210 0.224 - - 

Cr-Si (54SC6) 0.535 0.629 0.006 0.016 1.400 - 0.056 0.635 - - - - 

Cr-V (60CV2) 0.510 0.850 cO.035 c0.04 0.250 - - 0.950 - - =.O.l5 - 
Cr-Si (55SC7) 0.545 0.700 <0.035 <0.04 1.400 - - 0.700 - - - - 

SG cast iron 3.45 - 0.019 0.13 3.21 - 0.59 0.02 0.024 0.013 - 0.03 1 

2 EXPERIMENTAL PROCEDURE 

2.1 The matei*inls 
The materials used in this study were four low- 

alloy high-strength steels and a spheroidal graphite 
cast iron (SGI) supplied by Renault and CREAS 
(Usinor). The chemical compositions of the five 
materials properties of the five materials were given 
in table I. 

2.2 Futigue testing 
The fatigue tests were carried out under the 

following conditions at a frequency of 20 kHz on a 
piezoelectric test facility. The R ratios investigated 
were -1 and 0 for the SG cast iron, and -1 for all the 
steels. All the specimens were finished with grades 
500, 1200, 2400, 4000 emery papers. The tests were 
performed at room temperature in air. During 
ultrasonic fatigue testing, the middle section of each 
specimen was cooled by compressed air. The 
temperature at the centre section of some specimens 
was measured by a thin thermocouple (4 = 0.1 mm), 
carefully attached to the specimen surface. Some 
specimens of the SG cast iron were used for 
conventional fatigue tests at Renault with a loading 
frequency of 25 Hz. Fracture surfaces were observed 
after testing by scanning electron microscopy 
(SEM). 

3 RESULTS AND ANALYSES 

3.1 The SG cast iron 

3.1.1 S-N ciuve 
Results of high-cycle fatigue S-N curves of the 

SG cast iron with R = -1 and 0 are shown in Figs 1 
and 2. The results show no noticeable frequency 
effect on the fatigue behaviour. For zero mean stress 
R = -1 [Fig. l(a)], the high frequency (20 kHz) 
fatigue data closely matched the conventional 
frequency (25 Hz) tests results between 105 and 107 
cycles, and for R = 0 [Fig. l(b)], the fatigue strength 
obtained by the piezoelectric fatigue machine seems 
to be slightly higher than that given be conventional 
fatigue loading. 

Figure 2. Subsurface fatigue crack initiation in the SG cast 
iron, S,,,,, = 210MPA, R = - 1 ,  Nf = 6.71 x 107 cycles. The 
diameter of the specimen was 10 mni, while the clear section 
shown in this picture is 6 mm. 

3.2 Low-alloy high-strength steels 

3.2.1 S-N curve 
The fatigue strength was determined for the life 

range 1 06- 1 O9 cycles as shown in Figs 4 and 5. In the 
cast of the Cr-Si steels (54SC6), and the Cr-V and 
42Cr-Mo4 steels, the S-N diagram was divided into 
two portions, and revealed two knees for the first 
steel. 

In contrast, the S-N diagram of the Cr-Si steel 
(55SC7) did not display a second decrease between, 
106 and 109 cycles. The experimental results show 
that fatigue rupture can occur in all the high-strength 
steels over 107 cycles. Fracture surfaces were 
observed after testing by SEM. The stages of crack 
initiation, stable crack propagation, unstable crack 



Figure. 5 The S-N curve for the Cr-V steel and 42Cr-Mo4 steel 
at R = - I .  

propagation and filial failure are well defined. In the 
high-cycles regime (> 1 o7 cycles), tlie initiation sites 
were found at non-metallic inclusions located in the 
interior of tlie specimen (Figs 6 aiid 7). Tlie 
inclusions range in size from 10 to 40 pm. This 
initial defect size can be used later to predict fatigue 
lives. Figure 7(a) shows the fatigue failure initiated 
well below the specimen surface by as much as 1.1 
iniii. Tlie origin was identified by the use of energy 
dispersive analysis. Tlie initiation site was either at a 
spherical [Fig. 6(b) and 7(b)] or stringer [Fig. 6(a)] 
inclusion particle. The typical composition of tlie 
iiiclusioii is sulphide. In tlie low-cycle regime (<1 O7 
cycles), tlie initiation sites were found at tlie surface. 

In the high-cycle regime, tlie cracks initiated only 
at internal defects, as tlie plastic strain 
coiiceiitrations at or pre-existing pores were not 
greater than tlie threshold values needed to nucleate 
a stable crack. Due to their sinall population, these 
defects were located predomiiiaiitly below the 
surface in tlie bulk of the smooth specimen. 
Therefore, failure resulted from a subsurface origin. 
In the low-cycle regime, cracks initiated at niost 

Figure. 6 SEM micrographs of fatigue crack initiation sites in 
the 42Cr-Mo4 steel. (a) Tlie crack initiation site at a depth of 
900 from the specimen surface. Inclusion: aluminium, S,,,,, = 

700 Mpa, R = - 1 ,  Nf = 5.75 x 10' cycles, tlie inclusion size: 
darea = 20 

defects after a relatively sinall fraction iiiitiated at 
most defects after a relatively sinall fraction of the 
total fatigue life. Cracks located at tlie surface had 
greater crack growth rates than internal cracks. As a 
result, tlie dominant crack responsible for failure 
originated 011 tlie surface. 

4 CONCLUSIONS 

The fatigue strength of steels and cast iron at 
stress ration of R = -1 was obtained in the range 
between 106 aiid 109 cycles which is a typical life 
time for many components of modern cars for tlie 
next century. 

For Cr-V steel, the S-N curve becomes quasi- 
horizontal beyond 10" cycles. On the other hand, the 
S-N curve of Cr-Si steel a 4041 steel coiitiiiue to 
drop without plateau, between 10" cycles and 10" 
cycles. 

But in both cases, the experimental results show 
that fatigue fracture can occur beyond 107 cycles in 
steels. 

It iiieaiis that tlie design of new cars must be 
derived talcing into account the gigacycle fatigue 
strength. 
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Permissible 
Level 

2000 
pmgkum 

80 
pmgkum 

200 
pmgkum 

The electric car: A sustainable technology option for urban India 

Actual at 
Location - 1 

3680 
pmgkum 
(Ashram) 

121.6 
pmgkum 
(Red Fort) 

346 pmgkum 
(ISBT) 

0. PAgarwal 
Department of Transport, Government of Assam, Guwahati, India 

ABSTRACT: The rapid growth of cities has been accompanied by congestion, pollution and 
uncontrolled urban sprawl. Adverse effects of these have been felt on the health of the people, their quality 
of life and the productivity of the economy. The IC engine, once considered a boon to mankind, is being 
increasingly viewed as a curse, due to the severe pollution it has caused. The search for alternative fuels 
has yet to produce an acceptable option. The commercialization of one such option, the “Electric Vehicle”, 
has been constrained by its perceived limitations of “range”, “speed” and “acceleration” performance. 

This paper argues that these limitations are not relevant for urban use, particularly in developing 
countries like India. The electric car holds tremendous promise for most oil importing countries, typically 
those where the demands of ;I consumer are guided by operating economy, rather than speed and power. 

AUTOMOBILE DEMAND IN INDIA 

There are about 35 million registered motor 
vehicles in India. Another five million are projected 
to be added each year. Of these, about 25 million 
are 213 wheelers. During the past decade, the number 
of two-wheelers has increased by 561%. Almost all 
of them have two stroke engines which, clue to 
inadequate combustion, spit out up to 40% of the 
fuel as hydrocarbon emissions. They not only 
account for over 70% of the vehicular population, 
but also for 60% of the petrol consumption and 70% 
of the total hydrocarbon emissions. Most of these 
213 wheelers are used in urban areas. 

ENVIRONMENTAL IMPACT 

The rapid increase in the number of motor 
vehicles in urban areas, particularly the high 
percentage of two stroke engines, has had a 
damaging impact on the air quality. Most of India’s 
metropolises rank among the most polluted cities in 
the world, with Delhi being the 4th most polluted 
city. As an example, the table below compares the 
actual pollution level of three major pollutants, with 
the permissible level, at two selected locations in 
Delhi. 

The impact of this pollution on public health and 
health care costs has been enormous. According to a 
World Bank study, the health cost of ambient air 
quality in Delhi alone is US $100-400 million per 

Pollutant 

Carbon 
Monoxide 

Nitrogen 
Oxides 

Suspended 
Particulate 
Matter 

Actual at 
Location -2 

19000 
pmgkum 
(Shahadara) 

5 16 pmg/curn 
(Punjabi Bagh) 

946 pmgkum 
(Shahadara) 

year. For the country as a whole, it might run into 
billions of dollars. 

The virtual explosion in the number of motor 
vehicles in urban India, coupled with the dire 
environmental situation that has emerged, calls for 
urgent remedies. Although policy makers have long 
debated the environmental and economic impact of 
air pollution, they have not yet arrived at a 
consensus on resolving the problem. It seems quite 
clear that the Electric Vehicle (EV) is one alternative 
that is likely to have a significant impact both on air 
quality as well as India’s dependence on foreign oil. 
Yet this technology has made little headway in being 
commercialized. Why is this so? What are the 
constraints and how relevant are they in the Indian 
context? 
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SHORTCOMINGS OF THE ELECTRIC VEHICLE 
TECHNOLOGY AND ITS RELEVANCE TO 
INDIA 

The current electric vehicle technology uses lead- 
acid batteries to run an electric motor. The rotation 
of this motor is transmitted to the wheels. Several 
shortcomings of this technology have been cited, 
around the world, as the reason for it not being 
commercially viable. Some of the important ones, 
along with their relevance to India, have been 
analyzed in the following sections. 

Range and Speed 

Range of travel is the major concern for electric 
vehicles. The technological question is whether it 
would be possible, at reasonable cost, to design 
vehicles that can reliably travel the desired distance, 
at an acceptable speed, before their batteries must be 
re-charged. The problem of providing electric 
vehicles with a “range” is rooted in a fundamentally 
physical reality: the batteries required to power 
electric vehicles are enormously heavy and store 
very little energy per unit of weight. The energy 
density of a lead-acid battery is about 35 watt-hours 
per kilogram, as against 12,000 watt-homs per 
kilogram in the case of petrol. As a rule of thumb, 
one liter of petrol, weighing about 0.75 kgs, has the 
same energy content as 50 kgs of lead-acid batteries. 
Thus, the problem is a basic conflict between the 
weight of a vehicle and the distance it can move 
before its batteries would need recharging. 

Yet another problem is in the speed and 
acceleration of the vehicle. Electric vehicles are not 
able to move at very high speeds (generally below 
100 W h )  and have comparatively slower 
acceleration. 

The range, speed and acceleration, however, 
depend on the weight of the vehicle as well as other 
demands on the power system. A lighter vehicle 
would draw less power and be able to travel further 
and faster than a heavier one. Similarly, a vehicle 
without air conditioning or heating facilities would 
have better range and speed performance. Besides, 
range and speed become critical issues only if the 
vehicle is required to travel more than 150 kms in a 
day or move at speeds above 100 km/h. In case this 
is not so, range and speed should not be major 
constraints. 

Unlike in the developed world, personal transport 
in India is largely used within a single urban area. 
Inter-city or long distance travel is more commonly 
undertaken through public transport rather than by 
using personal vehicles. In the three metropolitan 
cities of Bombay, Calcutta and Delhi, which account 
for a large share of the total number of motor 
vehicles in the country, the average daily travel by 
personal vehicles is only about 25-30 kms. The 

situation in the other cities, in not very different. The 
average speed of the Indian traffic is also low 
because of narrow roads and poor road quality. 

Unlike in the developed world, again, the Indian 
consumer is also not very concerned with factors 
like the power and the speed of a vehicle. A car is 
more of a utility than a status symbol. Maruti, the 
most common passenger car in India, is a small, 800 
cc vehicle, having a very low weight. Besides, most 
cars do not have air conditioning or heating 
facilities. In fact, two wheelers are often an Indian 
family’s first and only personal transport. 

Thus, given the nature of mobility demand in 
India, the range and speed limitations of the 
currently available EV technology does not seem to 
be a constraint. 

Power Generating Capacity 

Reliable power supply, at a reasonable price, is a 
must for the electric vehicle industry to develop. An 
argument generally advanced against electric 
vehicles is that India is already short of electrical 
power and needs substantial additions to generating 
capacity to meet existing shortfalls. Introduction of 
the electric vehicle technology would only need 
further additions to generating capacity. This, in 
turn, would cause more pollution. 

It is true that India has been suffering from power 
shortage. Since the liberalization of economic 
policies, beginning in 1991, the demand for power 
has been growing steadily without corresponding 
growth in the supply situation. The current shortfall 
in system capacity is said to be up to 25% of the 
demand and more than 10% of the total energy 
requirement . 

Despite the acute shortage of power, load factors 
of power plants have only been around 60%. The 
demand for off-peak power is much lower than the 
peak demand. This clearly indicates that there is 
considerable room for developing a system that 
could use off peak power, at lower cost, without 
straining the power system capacity. In fact, there is 
scope for increasing the supply by as much as 30- 
40% by improving the plant load factor, without 
adding to the system capacity. 

Besides, effective emission control systems could 
be employed at power plants, which could be located 
away from urban centers. It would be easier to 
implement emission control systems on a few power 
plants than on millions of vehicles moving all over 
the cities. The total impact on air pollution could, 
thus, be significantly reduced. 

Unsuccessful past experience 
The electric vehicle is not new in India. In fact, 

India was one of the pioneers in exploring the 
commercialization of electric vehicles in the early 

802 



1980s. However, past efforts have not been a big 
success. 

The first electric vehicle prototype was 
manufactured in India in the 1980s. In pursuance of 
a national strategy for finding alternative sources of 
energy for surface transportation, the Ministry of 
Non-Conventional Energy Sources (MNES) 
sponsored a project under which, ten prototypes of 
an 18-seater electric vehicle were designed and 
manufactured. These were used by different 
government agencies. A major consumer was the 
Delhi Energy Development Agency (DEDA). 
DEDA has been running electric minibuses in 
several parts of the city using lead acid batteries and 
a DC motor drive. These vehicles require 10-11 
hours of charging overnight. The average speed is 40 
km/h and the range, when fully charged is about 70 
kms with a less than one year old battery,.60 km 
with a 2 year old battery and 50 km with a battery 
that is up to 3 years old. Thereafter the battery needs 
replacement. 

DEDA’s experience has been that the electric 
buses are not commercially viable under ordinary 
circumstances. Cost per passenger km is almost 
double that of conventional buses. 

As seen from the above, the past experiments 
seem to have been made in the wrong markets. The 
biggest potential for electric vehicles lies in the 
small car and two-wheeler segment of the auto 
industry and not in the larger vehicle segment. 
Unfortunately, all past efforts in India have been 
largely confined to buses and minibuses, not to small 
cars or two wheelers. It must be recognized that the 
US and other developed countries have not done 
much work on EV technology for two-wheelers 
because the market share of two wheelers in the 
developed countries is very low. The 2-wheeler 
segment consumes only about 2% of all available 
petrol in developed countries, whereas in India, the 
figure is as high as 60% of the total petrol 
consumption. In Europe and the US, motorcycles are 
largely used in sports and cross-country riding, 
making high-powered engines a necessity. 

Thus, attributing past experience to the 
inadequacies of EV technology would not be correct. 
Research needs to concentrate on the small car and 
2-wheeler segment of the market, especially for 
urban use. 

Two Petrol 
wheeler Maruti 

Cost 
The Indian consumer is very price and cost 

sensitive. A major attraction would be the potential 
low operating cost of an electric vehicle, given the 
price differential between petrol/diesel and 
electricity in India. Though there is considerable 
variation in electricity prices from State to State and 
sector to sector, it is rarely more than Rs. 3.00 per 
kWh ($0.075/kWh). As against this, petrol and 

Diesel Elec$c 
Maruti Car 

diesel prices are around Rs. 25 ($0.625) and Rs. 14 
($0.35) per liter, respectively. With this price 
differential, the comparative operating cost per km. 
of an electric car works out cheaper than that of a 
petrol driven Maruti or even an equivalent diesel 
driven car as shown below: 

Initial cost (Rs) 60,000 200,000 250,000 200,000 

App. daily use 

Energy used 

30 Kms 30 Kms 30 Kms 30 Kms 

1 liter 2 liters 2 liters 4 kWh 

Cost/unit Rs25 Rs25 Rs 14 R s 3  

Annual capital Rs. 800 Rs 5,000 
replacements i Optg Cost/ km Rs 0.63 Rs 1.74 Rs 0.93 Rs 0.86 

Energy cost per 
year (Rs) 

6,844 18,250 10,220 4,380 

Life Span 5 years 8 years 

As will be clear form the above, the comparative 
economy of the electric car depends on the price of 
electricity. There are apprehensions that power 
tariffs may go up due to agencies like the World 
Bank, Asian Development Bank and other big 
financiers of the power sector insisting more and 
more on rational pricing. The need for frequent 
replacement of batteries would also add to costs. 

As stated earlier, power plants in India are faced 
with very low plant load factors. Off peak demand is 
much lower than peak demand. This makes a good 
case for introducing time of day tariffs, with off peak 
power being priced at lower levels than peak power. 
This would make available cheaper off peak power 
for charging electric vehicles. Besides, petrol prices 
in India are high and the price differential between 
petrol and power would make an electric vehicle a 
cheaper option compared to a petrol vehicle, even if 
power tariffs go up to some extent. In fact, in a study 
by Walivadekar, presented at an Indo-US workshop 
held in February, 1995, it was established that even 
if the initial cost of an electric vehicle is double that 
of its petrol counterpart, it may be offset by the 
electric vehicle’s longer life and lower operating and 

8 years 8 years 

Calculations are based on performance expectations of 
Reva, a new electric car being commercialized in India 

Includes initial cost and capital replacements amortized 

*# 

for every km. 

Total Cost/kma 
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maintenance costs. The study had shown that with a 
20% subsidy on the initial cost, the life cycle cost 
per kilometer per passenger for an electric vehicle 
comes to about 35% of an equivalent petrol driven 
vehicle. If some innovative financing mechanism 
can be devised, no subsidy would be necessary. 

Political Will 
Government policy has a tremendous role to play 

in paving the way for an electric vehicle industry to 
develop. The enactment of a Zero Emission Vehicle 
(ZEV) mandate by the California Air Resources 
Board in 1990 has spurred more progress in electric 
propulsion technology than was accomplished in the 
previous 20 years by the automobile industry and the 
US Department of Energy combined. The mandate 
requires that by the 1998, at least 2% of the vehicles 
sold in California by major auto-makers must have 
zero emissions. The percentage is required to rise to 
5% in 2001 and 10% in 2003. Almost totally 
because of the mandate, every major auto-maker in 
the US has invested in electric vehicle development. 

It is feared that such measures would have a 
severe political backlash. However, i t  needs to be 
remembered that vehicle ownership in India being 
low, the number of persons that would be affected 
by such policy initiatives would be small compared 
to the number of beneficiaries. In any case, most 
vehicle owners would secure a cheaper alternative 
and should only welcome such a move. The cleaner 
air in the cities would also secure a political 
constituency in favor of such policy measures. 

INDIA'S RESOURCE BALANCE 

Apart from the fact that the traditional arguments 
against the electric vehicle are not applicable in 
Indian conditions, there are specific advantages that 
the EV technology would have in India. 

India's dependence on imported oil, currently at 
50%, is steadily increasing with the growth of the 
conventional automobile industry. India can ill 
afford to let the conventional automobile industry 
grow at the current rate. This type of growth will 
result in a huge incremental demand for oil, which 
will have to be imported. Not only will it adversely 
affect India's energy security, i t  could also mean a 
significant drainage of precious foreign exchange. 
With not much addition to the reserves of crude oil 
expected in the foreseeable future, the dependence 
on imported oil may go up to 90% within the next 
few years, if demand for oil continues to grow at its 
present rate. On the other hand, India has abundant 
reserves of coal for producing power using clean 
coal technologies. Besides, there is a huge untapped 
potential for hydro-electric power in the region, 
which is both clean and cheap. 

Thus, India's resource balance comes out strongly 
in favor of using a technology that could replace the 
use of petroleum with the use of electric power. 

CONCLUSION 

In conclusion, it can be stated that despite its 
shortcomings in the developed world, the electric 
vehicle would be a viable option in India, for the 
following reasons: 

Though electric vehicles are limited in their 
range and speed performance, the average 
distance over which a personal vehicle is driven 
per day is well within the range of the EV 
technology available today. Moreover the 
average speed of travel is slow due to poor and 
narrow roads. Thus, there is a very good match 
between what an electric vehicle technology can 
deliver and the mobility needs of most Indians. 
Indian power plants suffer from a very low plant 
load factor. By introducing time of day tariffs, 
future electric vehicle customers can be 
effectively encouraged to charge their vehicles 
during the off-peak hours at a considerable 
discount in the tariff. Even if the power tariffs 
are rationalized and the rates go up, lower off 
peak tariffs could still make electric vehicles a 
cheaper alternative. 
Even if, thermal power stations are used to 
generate additional power for charging electric 
vehicles, effective emission control systems 
could be employed and these power stations 
could be located away from urban centers. Thus, 
total impact on air pollution would be 
significantly reduced. 
It would be easy to secure a political 
constituency for legislative mandates requiring 
the introduction of electric vehicles, as there 
would be a much larger number of beneficiaries 
compared to the number of persons that may be 
adversely affected by such a policy. 
Due to the heavy dependence on imported oil, 
coupled with the abundant reserves of coal and 
hydro-power resources, it would be to India's 
strategic advantage to develop a technology that 
could substitute petroleum fuels with electric 
power. 
A price sensitive market would prefer a lower 
operating cost electric vehicle to a higher 
operating cost petrol vehicle. 
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ABSTRACT:. The project’s objective is rail vehicles future generation construction in such a way that they 
would produce low emissions during their service life, and be recycled at the end of it, without being harmful 
to our environment, which can be achieved through a global waste management, ecological product design 
and new production techniques development. 

RESUME: L’objectif du projet est la construction d’une nouvelle generation de vBhicules ferroviaires de telle 
manike qu’ils produisent de faibles emissions durant leur vie de service, et qu’ils soient recycles a la fin de 
celle-ci, sans nuire a notre environnement, ce qui peut itre obtenu au travers d’une politique globale des 
dechets, d’un design ecologique des produits et du developpement de nouvelles techniques de production. 

RESUMEN: El objetivo del proyecto es la construccion de una nueva generation de vehiculos ferroviarios de 
tal forma que produzcan bajas emisiones durante su vida de servicio, y que sean reciclado a1 concluir Bsta, sin 
ser nocivos para nuestro medio ambiente, 10 cual se puede lograr a traves de una politica global de desechos, 
un disefio ecologico de 10s productos y el desarrollo de nuevas tkcnicas de produccion. 

LA FABRICATION DE MATERIEL 
ROULANT FERROVIAIRE ET L’IMPACT 
ENVIRONNEMENTAL DES PRODUITS. 

1 INTRODUCTION 

La protection de l’environnement est un problkme 
qui doit tous nous preoccuper. Afin de garantir cette 
attention necessaire, nous devons respecter les lois 
de protection de I’environnement, et plus 
spicifiquement en ce qui concerne les pressions en 
niatikre de rkglementation, normes et concurrence, 
ainsi que les demandes des clients et les implications 
internationales. 

En outre, ce sujet est deja l’un des principaux 
facteurs de la concurrence internationale. 

Les besoins du marche actuel des transports 
ferroviaires exigent une reduction de poids et de 
bruit, qui implique 1’ utilisation de materiaux qui, du 
fait qu’ils sont difficiles a recycler et a demonter, 
sont nuisibles a l’environnement, pendant et aprks 
leur cycle de vie. De ce fait, il est urgent d’analyser 
les problemes contradictoires entre la construction 
legere et la protection de l’environnement. 

2 GREEN SYSTEM PROJECT: GENERALITES 

Alstom Transport a toujours recherche I’evolution 
de ses prodsuits dans un certain nombre de domaines 
lies a I’environnement (reduction de la 
consommation d’energie, reduction du bruit, 
compatibilite electromagndtique, ...). 

Mais aujourd’hui, la composante 
(( environnement )) dans la definition d’un produit 
devient un critke a ne pas nkgliger. I1 suffit 
d’observer les evolutions des besoins du march6 
dans, ce domaine: 
- Evolution des riglementations (Rkglement US 

de 1’ Environmental Protection Agency sur les 
emissions gazeuses des locomotives a diesel, par 
$xemple), 

- Evolution de la normalisation (skrie des normes 
IS0 14000, et plus specialement la norme IS0  
14040 relative a l’analyse du cycle de vie d’un 
produit), 

- Augmentation des demandes des clients et 
apparition de demandes specifiques dans les 
cahiers des charges p!r rapport aux 
produits (taux de recyclabilite, listes de produits 
ou matkriaux necessitant des precautions 
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d’emploi ou de mise en dkcharge, procedures de 
demantelement,. . .), 

- Incitations financieres des pouvoirs publics a 
travers des programmes de recherche lies a 
l’amelioration de l’impact environnemental des 
produits. 

Depuis 1992, Alstom Transport a pris en compte 
dans sa politique generale la composante 
Environnement. Ceci s’est d’abord traduit par la 
mise en place d’un management environnemental 
des sites industriels, et depuis deux ans, d’une 
politique de prise en compte de l’impact 
environnemental des produits pendant leur cycle de 
vie. 

Aujourd’hui, l’objectif est d’evaluer les produits 
d’un point de vue environnemental, selon une grille 
d’evaluation basee sur 5 niveaux de pertinence pour 
chacune des etapes du cycle de vie. Cette grille 
d:evaluation, “Environmental IMpact Evaluation” 
(Evaluation de 1’Impact Environnemental), permet 
aux chefs de projet de situer leur produit et de 
definir, si necessaire, des axes de progres pour le 
faire Cvoluer. 

Toujours dans le but d’augmenter la performance 
environnementale de ses produits, Alstom Transport 
participe a un projet europken dans le cadre du 
programme LIFE. Ce projet, intitule “Ve‘hicules 
ferroviuires h de‘montuge fucilite‘ et recycluge 
optimal”, devrait permettre de reduire a 5% la 
quantite de dechets non-recyclables provenant de la 
mise hors service des vehicules ferroviaires. D’autre 
part, l’objectif d’utiliser environ 10% de matiriaux 
recycles est envisage. Commencee en septembre 
1998, cette etude a permis de deceler environ 200 
possibilites d’amelioration qui font l’objet d’etudes 
technico-economiques. 

Le ”Green Project System” s’oriente donc sur 
deux voies principales, dont nous traiterons dans les 
pages suivantes: 
- Environmental IMpact Evaluation (EIME) 
- I ‘  Ve‘hicules ferroviuires ir de‘montuge fucilite‘ et 

recycluge optimal ”. 

3 ENVIRONMENTAL IMPACT EVALUATION 

Alstom Transport a entrepris une dkmarche de 
conception environnementale de ses produits, (( du 
berceau a la tombe D, basee sur un logiciel d’aide a 
la conception. Le logiciel EIME retenu permet de: 
- garantir le suivi de la politique environnement- 

produit, 
- mesurer les ameliorations de l’inipact des 

produits sur l’environnement, 
- fournir les bases de la communication interne et 

externe sur “les produits et l’environnement’’. 

Ce logiciel permet de comparer l’impact 
environnemental d’un produit de generation n avec 
un produit de generation n+l,  et de s’assurer qu’il 
s’agit bien d’une dkmarche de progres. 

Le niveau 1 correspond a un produit UPL 
“Unacceptable Protected Level” (Niveau de 
Protection Inacceptable). 

Les niveaux 2 et 3 correspondent a un produit 
UML “Under Managed Level” (Niveau Sous-GCre). 

Le niveau 4 correspond a un produit APL 
“Acceptable Protected Level” (Niveau de Protection 
Acceptable). 

Le niveau 5 correspond A un produit H P L  “High 
Protection Level” (Haut Niveau de Protection). 

e RMDRCduction de? Matikes Premieres 
e ED Reduction d’Energie 
e GW Richauffement Global 
e ODP Reduction d’Ozone 
e POC Creation d’Ozone par Photochimie 
s AA Acidification de 1’Air 

AT Toxicite de 1’Air 
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e WT Toxicite de 1’Eau 
6 )  WE Eutrophisation de 1’Eau 

Comparaison de deux Options de Design. 

3.1 Description ge‘ne‘rale du programme 

D’une maniere gknerale, on peut decrire le programe 
EIME au travers de ses principales caractiristiques: 

E.1M.E est un outil d’aide a la conception qui 
permet de: 

CONCEVOIR, des produits de plus en plus 
respectueux de l’environnement, sur une base 
(( multicriteres D: 
- 
- 

En identifiant les points faibles du produit, 
En aidant et en orientant le concepteur dans 
ses choix de materiaux et de prockdks, en lui 
donnant acces a toutes les informations 
necessaires: donnees d’inventaires, 
rkglementation, contraintes des clients. 

- Interface “CONCEPTEUR’. 

COMMUNIQUER, et informer en direct les 
utilisateurs: 
- En informant sur les reglementations, les 

- En appliquant la strategie d’entreprise, 

- Interfaces “EXPERT” et “MARKETING”. 

contraintes des clients, ...., 

adaptee a la famille de produits. 

GERER, pour assurer une application cohkrente 
de la politique environnementale de l’entreprise: 
- Management environnemental des projets, 
- Strategic adaptke a la famille de produits. 
- Interfaces “EXPERT” et “CHEF DE 

PROJET”. 

ANTICIPER, en prenant en compte la fin de la 
vie dp produit des sa conception: 
- Evaluation du potentiel de valorisation du 

produit lors de la conception, 
Reevaluation lors de la fin de vie. - 

- Interface “FIN DE VIE”. 

3.2 Outils et Status 
La methode s’appuie sur une base de donnees 
environnementales (aujourd’hui 200 modules 
regroupant les donnees d’inventaire de l’element 
considere: matkriau, procede, composant,. . .) et un 
logiciel convivial. 

Outil 
- 
- 

Simple (utilisable par des non spkcialistes), 
Rapide et compatible (integrable dans les 
procedures existantes de design), 

- Complet (intkgre l’ensemble du cycle de 

- Fiable (actualisation regulikre), 
- Objectif (independant de l’utilisateur), 
- Informatif (declenchement de messages 

conditionnk aux choix du concepteur). 

vie), 

Status 
La version en test n’est qu’une Ctape; des 
fonctionnalites complementaires sont a developper. 
Son utilisation optiniale suppose une 
(( personnalisation)) de la base de donnees aux 
families des produits ferroviaires. 

4 PROJET ALSTOM-LHB: TEHICULES 
FERROVIAIRES A DEMONTAGE FACILITE 
ET RECYCLAGE OPTIMAL” 

4.1 Description ge‘ne‘rale 

ALSTOM-LHB compte parmi les constructeurs 
leaders en Europe sur le march6 des vehicules 
ferroviaires: il est acteur dans ce domaine depuis 
1893. En tant que premier producteur de vehicules 
ferroviaires, la societe Linke-Hofmann-Busch 
GmbH a pris part avec succes a l’audit 
environnemental europeen en fkvrier 1996. 

Le programme de production comprend: 
- Chemins de fer urbains et tramways 
- Chemins de fer souterrains 
- Automotrices electriques et a diesel 
- Wagons de transport de voyageurs 
- Wagons pour marchandises de toutes sortes 
- Bogies pour wagons de transport de voyageurs 

ou marchandises 
- Reparations de vehicules ferroviaires. 

Sur la base d’un projet exemplaire, il est prevu de 
rendre ecologiques la planification des produits et 
les techniques de production, et ceci a un degri bien 
superieur a la norme. Le projet “Ve‘hicules 
ferroviaires a de‘montage facilite‘ et recyclage 
optimal”, soutenu par LIFE WE), cree les conditions 
suivantes: en riduisant a 5% la quantite de dkchets 
non-recyclables provenant de la mise hors service 
des vehicules ferroviaires, il permet d’elever a 95% 
la part des materiaux recyclables (voir graphiques 1 
et 2). 

L’axe principal et primordial de ce projet est la 
construction des generations futures d’engins sur 
rails de telle maniere que ces derniers soient 
recyclables au maximum. Selon les chiffres du 
departement marketing, plus de 3000 vehicules de 
transport de voyageurs devront etre remplaces en 
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Tableau 1: Profil Ccologique. Base de calcul: remplacement sur 
toute I’Europe de 3000 vChicules sur 5 ans. 

Dechets Aujourd’hui Apres application 

QuantitC totale 90.000 90.000 
de dechets 
- rkutilisation materielle 40.000 70.000 
- reutilisation thennique 0 1 5 .OOO 
- a Climiner 40.000 3.500 
Elimination de 10.000 1 SO0 
dkchets spCciaux 

Ressources 

Consommation de mCtaux 50.000 50.000 
Consommation de matikres 40.000 30.000 
premieres non 
renouvelables et limitees 

renouvelables 

du projet 

Matieres premieres 0 10.000 

Europe entre 2000 et 2005, et on estime a 30 tonnes 
le poids de chaque vehicule. 

Pour remidier specifiquement a l’augmentation 
de la part de dechets recyclables, on requiert 
d’innovations depassant les kontikres actuelles de 
l’imagination, afin de developper et d’inserer dans 
les vkhicules ferroviaires des materiaux qui, jusqu’a 
ce jour, n’ont pas trouve d’application ou 
d’utilisation. Ceci est particulikrement vrai etant 
donne qu’il s’agit d’inclure, pour la premiere fois 
dans des proportions significatives, des matCriaux 
renouvelables comme composants des vChicules 
ferroviaires (cible: 10%). 

L’kquipe ALSTOM-LHB chargee du projet est 
prete a relever ce defi. Les attentes au niveau des 
resultats du projet (inaugur6 le ler septembre 1998) 
depassent les standards de la profession - ou m6me 
ce qui parait possible -, ce qui tendra a renforcer 

Graphique 1 : Evolution generale des dechets resultant de vehicules ferroviaires like a la mise en 
place du projet (en tonnes). 

Graphique 2: Evolution du volume des dCchets non- recyclables pendant la periode quinquennale du 
projet (en tonnes). 
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Graphique 3: Evolution genirale du choix des matkriaux avec 
une part croissante de materiaux renouvelables et une part 
dkcroissante des resvources IimitCes (en tonnes). 

nettement sa position concurrentielle sur le marche 
mondial. 

4.2 Cadre du projet et rkpercusions sur 

L’etat des connaissances concernant la recuperation 
et le recyclage des vehicules ferroviaires, ainsi que 
la fabrication de ces derniers d’apres les principes 
ecologiques existants, est bien en retard par rapport 
a celui des vehicules routiers, puisqu’un transfert 
lateral n’est pas possible a cause d’exigences 
differentes. 

La recuperation de vihicules ferroviaires a 
d’importantes consequences negatives sur 
l’environnement: ceux-ci doivent etre fractionnes en 
differents groupes de dechets, generant d’ enormes 
coQts. I1 est en effet difficile de decontaminer 
certaines categories de dechets: ceci porte la part des 
dechets non-recyclables ?I plus de 50%. La quote- 
part theorique des materiaux recyclables estimke a 
65% du poids, et principalement composee de 
metaux, n’est pourtant pas atteinte, du fait que les 
moyens techniques actuels ne permettent pas le 
demontage complet des parties metalliques. Le 
recyclage engendre a son tour des consequences 
nefastes sur l’environnement, puisqu’avec les 
procedes conventionnels de construction, les parties 
metalliques sont irreversiblement liees avec un haut 
pourcentage de materiaux organiques. Le recyclage 
de metaux represente une grande partie des sources 
d’emission de dioxine en Europe, notamment a 
cause des matieres organiques. 

I ’environnement 

Ce projet genere un progres important en 
comparaison avec la situation actuelle decrite, 
puisqu’il resout dans un effort systematique les 
problemes repertories ci-dessous: 

Fractionnement theorique d’un vehicule 
ferroviaire. 
Verification du demontage theorique sur le 
vehicule meme. 
Diagnostic des consequences ecologiques et 
economiques de la mise hors service de 
vehicules. 
Traitement des prioritis apr6s inventaire des 
pro blkmes. 
Developpement de nouveaux principes de 
construction et propositions de solutions. 

Dans les vingt dernikres annees, la construction 
legere fut prbnee afin de construire des vehicules 
ferroviaires reduisant au minimum. au cours de la 
production, les incidences sur l’environnement, la 
consommation d’knergie et les nuisances 
acoustiques. Les procedes permettant de reduire le 
poids et le bruit nous conduisent pourtant au dilemne 
suivant: ce sont justement les materiaux legers et / 
ou reducteurs de bruits (matieres synthetiques, 
amalgames) qui sont nkfastes pour l’environnement 
et qui, apres leur cycle de vie, posent des problkmes 
environnementaux, du fait qu’ils sont difficiles a 
demonter et a recycler. I1 convient donc d’observer 
et d’analyser les vehicules ferroviaires dans leur 
totalit6 pour resoudre les problemes contradictoires 
entre la construction legere et l’kquilibre 
environnemental. 

I1 apparait clairement que l’objectif du projet est 
de construire les generations futures de vehicules 
ferroviaires de telle maniere qu’ils roulent avec de 
faibles emissions pendant leur duree d’utilisation, et 
qu’ils soient recyclables aprits leur mise hors 
service, sans nuire aux differentes categories 
composant notre environnment. 

5 CONCLUSION 

Alstom Transport est engagee dans une demarche de 
management environnemental. Cette demarche a 
commence par le suivi des sites industriels a travers 
la tenue d’un manuel d’environnement 
conformement aux recommendations de la norme 
IS0 14000 et se poursuit par la mise en place d’un 
suivi de l’impact environnemental des produits. 

Par le biais de ces actions, l’enteprise contribuera 
a 1 ’effort international de preservation des ressources 
naturelles et de diminution des impacts 
environnementaux des sites et des produits. 
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Historic report, future and importance of electric transport in the Mexico City 
and the Metropolitan Zone 
Evolution, importance et futur du transport electrique dans la Ville de Mexico et la Zone 
Mktropoli taine 
Reporte hist6rico y futuro de la importancia del Transporte Elkctrico en la Ciudad de Mkxico 
y Zona Metropolitana 

M. C. Oscar Diaz Gonzdez Palomas 
Sewicio de Transportes Ele‘ctricos del Distrito Federal, Mkxico, D. E ,  Mexico 

ABSTRACT. This paper resumes the evolution of electric transport in Mexico City including the metro, 
trolleybus and light rail networks. It also describes traffic jams and geographic conditions that lead to high 
pollution levels in the Mexico Valley Metropolitan Zone. It concludes mentioning expansion projects, with 
public or private financing, for electrical transportation till year 2020. 

RESUME. On fait une description historique de l’evolution du transport elkctrique dans la ville de Mkxico 
jusqua l’utilization actuelle du mktro, trolleybus et le train leger on note les condition contraires du 
congestionnement et orographie que rendent dificiles la dispersion des contaminants dans la zone metro 
politaine de la vallke de Mkxico. On conclut en mentionnant quel ques projets dCxpansi6n avec finansements 
publics ou privks pour que de nouvelles lignes de transport ClCctrique en w e  de I’an 2020. 

RESUMEN. Se hace una resefia hist6rica de la evolucih del transporte electric0 en la Ciudad de Mkxico 
hasta la operaci6n actual del Metro, trolebuses y tren ligero. Se describen las condiciones adversas de 
congestionamiento y orograficas que dificultan la dispersi6n de contaminantes en la ZMVM. Se concluye 
mencionando algunos proyectos de expansi6n con financiamientos pGblico o privado para nuevas lineas de 
transporte elkctrico para horizontes hasta el aiio 2020. 

1 INTRODUCCION 

A nombre de Servicio de Transportes Elkctricos del 
Distrito Federal resulta un honor participar en este 
evento internacional organizado por CODATU y la 

Secretaria de Transportes y Vialidad del Gobierno 
del Distrito Federal. 

Estamos por arribar a1 tercer milenio, el que va a 
concluir, especialmente el siglo XX, se ha 
caracterizado por sus avances espectaculares en 
todos 10s campos de la ciencia y la tecnologia, el 
transporte no es la excepcicin. La Ciudad de Mexico 
esta por cumplir 10s cien aiios de 10s tranvias 
electricos y con ell0 del transporte elkctrico. El 
autom6vil como tal se puede considerar product0 de 
este siglo y desarrollo de esta generacion. 

Con el kxodo del camp0 a las ciudades, la 
concentraci6n en &as de personas, vehiculos y 
vialidades, han dad0 como resultado problemas 

severos con deterioro grave del habitat 
fundamentalmente en materia de contaminacion, 
congestionamiento y accidentes. 

2 ZONA METROPOLITANA DEL VALLE DE 
MEXICO 

La Zona Metropolitana del Valle de Mkxico 
(ZMVM), es una de las areas urbanas mas grandes 
del mundo y se forma con la conurbacibn entre las 
16 delegaciones politicas del Distrito Federal y 28 
Municipios del Estado de Mexico. En dicha zona 
habitan mhs de 18 millones de personas, casi el20% 
de la poblaci6n nacional, se consume el 17% de la 
energia generada y por ella circula la tercera parte 
del parque vehicular del pais. Vease la Figura 1. 

De la importancia de la movilidad urbana nos 
hablan 10s mhs de 20 millones de viajes persona dia 
que con motivo de trabajo, educacibn, 
abastecimiento, recreacibn, salud y negocios se 
realizan cotidianamente. Sin embargo, el us0 
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Figura 1. Crecimiento Poblacional por Municipios 
Delegaciones en la ZMVM (1 995-2000) 

indiscriminado del transporte individual aunque solo 
traslada menos de la quinta parte del total de 10s 
viajes, causa graves problemas de 
congestionamiento, contaminacion y accidentes. 

3 CONTAMINACION AMBIENTAL 

La ZMVM esta ubicada a una altitud de 2,240 
metros sobre el nivel del mar en una cuenca 
semicerrada cuyo contorno orografico evita la salida 
del aire ya degradado, tanto por el hombre, la 
industria, la circulacion de automotores, 10s 
servicios domksticos y otros. 

El transporte automotor como hente m6vil de la 
contaminacih es responsable del 75% del total de la 
poluci6n atmosferica, ya que por 10 que toca a las 
particulas s6lidas (PST) emite el 71.7%, en cuanto a1 
bicixido de azufie (SOz) el 26.8% del total, del 
rnon6xido de carbon0 (CO) es casi el total 
responsable con el 99.5%, en cuanto a1 6xido de 
nitrogen0 (NOx) es responsable del 71.3% y de 10s 
hidrocarburos HC contribuye con el 54.1%’. Vease 
la Figura 2. 

Este nivel de contaminacion se debe 
fundamentalmente a1 desplazamiento cotidiano de 
mas de tres rnillones de vehiculos en donde 

predomina el auto particular, cuyo factor de 
ocupacion es de 1.5 personas por unidad, 
requiriendo cada uno de ellos un motor encendido 
que genera graves consecuencias a la salud de 10s 
habitantes de la ciudad. 

Para contrarrestar esta problemiitica, es necesario 
dar prioridad a1 transporte masivo, principalmente 
elkctico, ademas del que opera a base de 
combustibles altemos limpios. 

Inventario de emisiones 1994 

Fuente: Programa para Mejorar la Calidad del Aire en el Valle de 
Mtxico 1995-2000, Marzo, 1996 

Figura 2. Inventario de Emisiones 1994. 

4 CONGESTIONAMIENTOS Y ACCIDENTES 

Otros dos indicadores importantes que se presentan 
en la ZMVM, son el congestionamiento y 10s 
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accidentes. El primer0 debido a que el 95% del 
parque vehicular esth constituido por autos 
particulares que requieren much0 espacio para 
circular y estacionarse y que inciden en el trhsito en 
las horas de mhxima demanda, dejando inmersos en 
este movimiento a 10s transportes piiblicos que no 
cuentan con derecho de via propia. 

Un viaje en la ZMVM a1 trabajo y de regreso, 
constituye para la mayoria de 10s habitantes 2.5 
horas de desplazamiento, esto demerita en calidad de 
vida quedando inmerso en grandes 
congestionamientos en que 10s cada vez mejor 
disefiados vehiculos, circulan a vuelta de rueda. 

De acuerdo con estimaciones recientes hechas por 
la Comisi6n Metropolitana de Transporte y Vialidad 
(COMETRAVI), se pierden 3,000.2 millones de 
d6lares a1 aiio por este concepto. VCase la Figura 3. 

Costo Estimado de Externalidades del Transporte 

Figura 3. Costo Estimado de Extemalidades del 
Transporte 

Por 10 que toca a accidentes, de acuerdo con la 
informaci6n del Instituto Nacional de Estadistica, 
Geografia e Informhtica (INEGI), y 10s Servicios 
MCdicos Forenses del Distrito Federal y del Estado 
de MCxico, cada dia se producen en promedio 41 
accidentes de trhsito con un saldo de 16 lesionados 
y 8 muertos, esto exclusivamente en el lugar del 
accidente, es conocido que la cifia de defunciones se 
duplica con 10s que fallecen durante su traslado en 
ambulancias o su atencibn en centros de urgencias. 

Vale la pena reflexionar que el automdvil no 
obstante ser una herramienta de tanta utilidad a1 
hombre y su economia, a1 mismo tiempo resulta un 
arma homicida con la que se han segado mhs vidas 

que en todas las guerras en la historia de la 
humanidad. TambiCn debe mencionarse que es un 
problema universal, ya que la Organizaci6n Mundial 
de la Salud indic6 en 1997 que fallecen en el mundo 
anualmente 700,000 personas victimas de accidentes 
de trhsito y resultan lesionados 20 millones de seres 
humanos en el mundo. 

5 TRANSPORTE ELECTRIC0 EN LA CIUDAD 
DE MEXICO 

En la Ciudad de MCxico, como en muchas otras 
ciudades del mundo: Londres, Nueva York, Tokyo y 
San Francisco, comenzaron a utilizarse tranvias 
movidos por tracci6n animal durante la segunda 
mitad del siglo XIX. 

El 12 de octubre de 1852, el presidente Mariano 
Arista expidi6 la patente que celebraba el contrato y 
otorgaba la concesi6n para que Jose G6mez de la 
Cortina, mejor conocido como el Conde de la 
Cortina, iniciarh el sistema tranviario de fuego en la 
Ciudad de MCxico, intentando comunicar las 
poblaciones vecinas de Tlalpan con algunas de las 
zonas mas importantes de la Ciudad, como San 
Angel, Mixcoac y Tacubaya, amplitindose dicha 
concesion en 1856 para construir la linea que ligara 
el Z6calo con Tacubaya2. 

Los beneficios de la electricidad comienzan a 
aprovechase para el transporte public0 de la Ciudad 
de MCxico a finales del siglo pasado, dando 
oficialmente 10s primeros frutos con 10s primeros 
tranvias elCctricos para el servicio de pasajeros que 
comenzaron a operar el 15 de enero de 1900 con una 
capacidad de 24 a 32 asientos por carro, contando 
con dos motores General Electric de 19 kW cada 
uno, siendo la carroceria de madera. Este act0 se 
considera un paso importante de la Ciudad de 
MCxico hacia la modernidad. Esta primera linea de 
tranvia elkctrico uni6 la Ciudad con Tacubaya. En el 
primer aiio de este siglo, comenzaron a operar seis 
lineas mhs a la Villa de Guadalupe, Belem, Mixcoac, 
San Angel, Tlalpan y Dolores. 

Para may0 de 1927, la red de tranvias alcanza su 
apogeo con 347.5 km sobre 26 rutas urbanas, 12 
suburbanas y cinco ramales donde 10s trenes 
recorrian en conjunto diariamente 65,000 km 
mediante 400 carros de pasajeros, 75 fletes y 25 
funerarios. 
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6 CREACION DEL SERVICIO DE 
TRANSPORTES ELECTRICOS DEL D.F. 

En 1945, con base en la recih promulgada “Ley 
sobre Transportes Urbanos y Suburbanos del D.F.” 
se crea “Servicios de Transportes Urbanos y 
Suburbanos del D.F.”, quedando en abril de 1947 ya 
como Servicio de Transportes Elkctricos del D.F. 

En agosto de 1953, el Departamento del Distrito 
Federal autoriz6 la compra de 91 tranvias tipo PCC 
que cubrieron las rutas Obreg6n - Insurgentes y 
Obreg6n - Bucareli, inauguradas el 24 de marzo de 
1954. El us0 del tranvia comenz6 a declinar. Entre 
1959 y 1968 s610 operaron 11 rutas troncales y dos 
locales, hacikndose un esfuerzo en 1970 por 
rehabilitar PCC’s. 

El tranvia PCC dio servicio en la Ciudad hasta 
que se entrb en la dkcada de 10s ochentas a1 ser 
eliminado del centro de la capital, dando servicio 
solamente entre Tasqueiia, Huipulco y Tlalpan, hasta 
que dej6 de funcionar en 1984. Esta linea h e  el 
antecedente inmediato del moderno tren ligero que 
opera actualmente el STE. 

Sin embargo, la base de la renovaci6n del STE y 
que constituiria el simbolo caracteristico de esta 
instituci6n fue el troleb6s. Las primeras 20 unidades 
con las que cont6 la Ciudad de Mkxico heron del 
modelo Westram, compradas en 1945 a una empresa 
en Nueva York. Debemos resaltar que estas 
unidades heron m a d a s  por mexicanos en 10s 
talleres de Indianilla durante 1946. Fue hasta el 
nueve de marzo de 1951 cuando se inaugur6 el 
servicio formal en la linea Tacuba a Calzada de 
Tlalpan. 

El crecimiento del parque vehicular comenz6 en 
1952 cuando llegan de Italia 10s primeros diez 
trolebuses Tubocar, adquirihdose a1 aiio siguiente 
30 trolebuses m8s tambiCn italianos tipo Cassaro. En 
1954, incorporan 50 trolebuses mtis a la flota 
vehicular existente. Dos aiios despuks se adquieren 
117 trolebuses y en 1957 otras 67 unidades. 

Con estas constantes adquisiciones de vehiculos 
se llevo a la empresa a constituirse a finales de la 
d6cada de 10s sesenta en la columna vertebral del 
transporte public0 de la Ciudad con una flota 
vehicular de 872 unidades entre tranvias , y 
trolebuses, hasta principios de la dkcada de 10s 
setenta poco despu6s de que se iniciara la operaci6n 
del Metro en 1968. 

Actualmente, la red de trolebuses tiene una 
longitud de 412.9 km de instalaciones adreas 
operativas. Esta infi-aestructura conforma un 
universo de 16 rutas, con un parque vehicular de 432 
trolebuses. 

Con el prop6sito de modernizar la flota vehicular 
y consolidar el servicio, a partir de febrero de 1998 
se incorporaron gradualmente 50 nuevos trolebuses 
Mitsubishi - Masa de la serie 9000 para reforzar las 
unidades disponibles en operaci6n. En diciembre del 
mismo aiio se pusieron en marcha otros 75 
trolebuses mas. En 1999, el Gobierno del Distrito 
Federal, efectuando su miximo en tkrminos 
financieros dot6 a1 STE de otras 75 unidades que 
entraron en servicio el 14 de octubre. 

Otra alternativa innovadora del transporte masivo 
no contaminante la constituye el tren ligero. 
Aprovechando las vias de la ultima linea de 10s 
antiguos PCC, se construye en 1986 el primer tramo 
Tasqueiia - Estadio Azteca y para 1988 entra en 
servicio el segundo tramo Huipulco - Xochimilco. 

Actualmente el tren ligero cubre una distancia de 
26.8 km con un parque vehicular de 16 trenes 
articulados de tracci6n elkctrica, de 10s cuales 12 son 
modelo 90 y 4 modelo 1995, operand0 en 16 
estaciones y dos terminales. Actualmente, el tren 
ligero transporta 65,000 pasajeros en promedio en 
dias htibiles. 

Figura 4. Troleb6s Mitsubishi Masa de la Serie 9000. 
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8 PLAN MAESTRO DEL TRANSPORTE 
ELECTRICO. 

Tanto el STC como el STE se rigen por sus decretos 
de creaci6n y para su expansi6n y futuro desarrollo 
por el Programa Integral de Transportes y el Plan 
Maestro del Transporte ElCctrico - Area 
Metropolitana de la Ciudad de MCxico, document0 
este 6ltimo que tiene revisiones peribdicas y cuya 
actividad en materia de planeaci6n data desde 1967 
con las tres primeras lineas de Metro, elaborhdose 
su segunda versi6n en 1980. 

Figura 5 .  Tren Ligero TE-95 

7 SISTEMA DE TRANSPORTE COLECTIVO 
METRO 

En 1967, por decreto presidencial, se crea el Sistema 
de Transporte Colectivo Metro, previo a1 inicio de la 
construcci6n de las primeras lineas, siendo Cstas 
Zaragoza - Chapultepec inaugurada en 1969, 
Tacuba - Tasqueiia inaugurada en 1970 y Tlatelolco 
- Hospital General tarnbikn inaugurada en 1970. 

El sistema cuenta actualmente con nueve lineas 
de Metro y una de Metro fkrreo que corre de 
Pantitlh en el Distrito Federal a 10s Reyes La Paz 
en el Estado de Mkxico. Durante 1999, el Gobierno 
del Distrito Federal y el STC inauguraron la Linea B 
de Buenavista a Villa Aragbn, que llegara en este 
&o a1 municipio de Ecatepec en el Estado de 
Mexico. 

El Sistema de Transporte Colectivo Metro a 10 
largo de sus 30 6 0 s  de operaci6n ha conformado 
una infraestructura de 11 lineas tomando en cuenta 
la linea B, con 201 km de longitud y 167 estaciones, 
10 que representa a partir de su primera linea haber 
incrementado 16 veces su distancia construyendo 
una nueva linea o ampliaci6n cada 2.8 &OS. 

Este Programa establece para diversos horizontes 
2003, 2009 y 2020 la red general de 10s transportes 
elCctricos, existiendo una propuesta de 
configuracibn definitiva que se compone de 27 
lineas incluyendo las 12 ya en operaci6n con 227.8 
km (Metro y Tren Ligero). 

A1 horizonte del aiio 2020, el Plan Maestro 
contempla que la red de Metro sera de 17 lineas, 
mientras que la red de trenes ligeros sera de 10 
lineas, cubriendo en total una longitud de 483 km. 

Este mismo plan en materia de trolebuses 
contempla para el &o 2020, adicionar a la red actual 
de 489 km y pasar de 462 trolebuses que hoy operan 
a un parque vehicular de 1,100 unidades. 

Como se puede apreciar, y ha sido corroborado 
por “La Estrategia Integral de Transporte y Calidad 
del Aire” elaborada por el Estado de MCxico, el 
Distrito Federal y la Secretm’a de Comunicaciones y 
Transportes bajo la coordinacih de la 
COMETRAVI, se tiene la convicci6n de dar un gran 
impulso a1 transporte el6ctrico en la ZMVM. 

9 PROYECTOS VIABLES PARA LOS 
PROXIMOS CINCO AfiOS 

Dentro del ComitC de Planeaci6n y Disefio Integral 
de Rutas que preside la Secretaria de Transportes y 
Vialidad del D.F. con base en el Plan Maestro del 
Transporte ElCctrico y tomando en cuenta 10s 
resultados obtenidos de otros estudios, se 
contemplan a1 horizonte del 2006 10s siguientes 
proyectos: 

9.1 Sistema de Transporte Colectivo Metro: 
Linea 7 de Barranca del Muerto a San Jer6nimo 
Linea 8 de Acoxpa a Indios Verdes 
Linea 12 de Atlalilco a Mixcoac 

Figura 6. Tren Ferreo FM-95 de la Linea A del STC 
Metro 
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9.2 Sewicio de Transportes Elictricos del D.F. - 

Constitucion de 191 7 - Chalco 
Linea Ecologica Eduardo Molina 
Ruta de Tranvia Roma - Condesa 
Linea Ecologica Centro Historic0 

Trenes Ligeros: 

9.3 Sewicio de Transportes Elictricos del D.F. - 

San Felipe de Jesus a Metro Martin Carrera (linea 
nueva) 
Eje 1 Norte, Metro Guerrero a La Defensa (linea 
nueva) 
Eje 3 Oriente, Metro Mixhuca a1 Metro Escuadrh 
201 (ampliacion de lineas F, R1 y R2) 
Metro Hidalgo a Instituto Politkcnico Nacional 
(ampliacion linea LL) 
Metro Constitucion de 19 17 a Tlahuac (linea T 1) 

Trolebuses: 

9.4 Trenes Suburbanos: 
Complementa este renacer del transporte electrico y 
masivo la impostergable necesidad de materializar 
10s proyectos realizados por la Secretaria de 
Comunicaciones y Transportes, 10s Gobiernos del 
Distrito Federal y del Estado de Mexico, de 10s 
“trenes radiales” para conectar la ciudad capital y la 
zona metropolitana con las ciudades circundantes 
como Toluca, Cuernavaca, Cuautla, Puebla, 
Tlaxcala, Pachuca y Queretaro, constituyendo la red 
de trenes de alta velocidad que entre otros grandes 
beneficios evitarin que la mancha urbana siga 
creciendo indiscriminadamente. 

Como puede apreciarse, la Ciudad de Mexico y la 
Zona Metropolitana se suman a otras ciudades como 
Paris en el redescubrimiento y optimization del 
transporte electrico. 
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El Ferrocarril Suburbano en la Zona Metropolitana del Valle de M6xico 
Commuter railroad of the Mexico Metropolitan Area 
Reseau Regional du Banlieu Metropolitain de Mexico 

Oscar Santiago Corzo Cmz 
Trunsporte Ferroviariu y Multimodul-SCT Mixico D. I?, Mexico 

RESUMEN: De conformidad con el Plan Nacional de Desarrollo 1995-2000, asi como del Programa de Tra- 
bajo del Sector, la Secretaria de Comunicaciones y Transportes, en el marco de la Reestructuracion del Siste- 
ma Ferroviario Mexicano, esta llevando a cab0 10s estudios necesarios para promover y desarrollar el pro- 
yecto “Ferrocarril Suburbano en la Zona Metropolitana del Valle de Mexico”, aprovechando 10s 240 km de 
vias y derechos de via existentes en la misnia. 

Para instrumentar este proyecto, se determino segmentar la infraestructura disponible de 240 km, en tres sis- 
t m a s  troncales, que cuentan con lineas alimentadoras de menor densidad, Buenavista-Huehuetoca, Ecatepec- 
Naucalpan y Los Reyes-San Juan de Aragon. El Proyecto iniciara con el sistema formado por la linea Buena- 
vista-Huehuetoca de 46 km. El monto estimado de la inversion total para la puesta en marcha y operacion de 
esta linea, incluyendo gastos preoperativos, intereses y comisiones, asciende aproximadamente a 624 MDD. 

ABSTRACT: According to the 1995-2000 National Development Plan, the Ministry of Communications and 
Transportation, as part of the restructuring process of the Mexican Railroad System, is carrying out the ne- 
cessary studies and actions to promote and develop the Mexico Metropolitan Area (MMA) Commuter Rail- 
road Project, which would take advantage of 240 kms of existing tracks and rights of way in this area. 

The Project will be divided into three systems: Buenavista-Huehuetoca, Ecatepec-Naucalpan and Los Reyes- 
San Juan de Aragon. Each system will have several secondary lines of smaller traffic density that will feed 
the main line. The Project will begin with the development of the first system formed by the Buenavista- 
Huehuetoca line, which has a length of 46 km. This system will require a total investment of approximately 
US $624 million for new equipment, infrastructure works, pre-operating expenses, as well as interest during 
construction. 

RESUME: D’apres le Plan du Developpement National 1995-2000, le Ministere de Communications et 
Transport, est en train de proposer, comme une partie du processus de restructuration des Chemins de Fer 
Mexicains, les etudes et actions necessaires pour developper le Reseau Regional (RRBMM) du Banlieu 
Metropolitain de Mexico qui prendrai avantage de 240 kms de voies ferrees et des droits des voies qui sont 
disponibles dam cette regione. 

Le projet sera divise daiis trois systemes principals: Buenavista-Huehuetoca, Ecatepec-Naucalpan et Los 
Reyes-San Juan d’Aragon. Chaque systeme aura plusieurs lignes secondaires de moindre densite de 
transportation de pasagers qui nourrira la ligne principale. Le Projet commencera avec le developpement du 
premier systeme forme par la ligne Buenavista-Huehuetoca qui a une longueur de 46 km. Ce systeme aura 
besoiii d’un investissement total de $624 million de dolars americains que comprendra le nouveau 
equippement, les ouvrages d’infrastructure, le confinement de la ligne, les depenses pre-operationelles, les 
systemes de control et la construction des nouvelles stationes, aussi bien que les inter& pendant la 
construction du projet. 
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INTRODUCCION 

El proyecto del Ferrocarril Suburbano, se ha consi- 
derado como un sistema integral de transporte ferro- 
viario conformado por tres corredores principales: 
Buenavista-Huehuetoca, Ecatepec-Naucalpan, y Los 
Reyes-Aragon y lineas de menor densidad que ac- 
tuen coin0 alimentadoras de la linea troncal. 

Este proyecto ofrece una oportunidad historica para 
aprovechar 10s 240 km. de infraestructura ferroviaria 
y de derechos de via existentes en la Zona Metropo- 
litana del Valle de Mexico (ZMVM), la cual cuenta 
con una poblacion que rebasa 10s 17 millones de ha- 
bitantes. De estos, el 50% viven en el D.F. y el 50% 
en 10s 28 municipios conurbados del Estado de Mk- 
xico. 

En la ZMVM se realizan mas de 30 millones de tra- 
mos de viajes-persona a1 dia que hoy se atienden 
principalmente en combis y minibuses (60.9%), inu- 
sual para una zona de estas caracteristicas. Los sis- 
temas de transportacion masiva atienden a menos 
del 15% del total de viajes en una red de 178 km., 
construidos y operados en 30 afios por el Estado 
(Metro). 

Para iniciar este proyecto, se estima que la opcion 
mas conveniente es la de comenzar con el corredor 
Buenavista-Cuautitlan-Huehuetoca y posterionnente 
continuar con 10s otros dos corredores debido que 
cuenta con una infraestructura electrificada de dos 
vias fitweas para el transporte de pasajeros, tiene un 
avance importante en el confinamiento de las vias y 
son practicamente inexistentes 10s asentamientos 
humanos irregulares en el derecho de via. 

Con 10 anterior, se reducen considerablemente 10s 
montos de inversion y 10s riesgos, ademas de que se 
elimina 1a posibilidad de confrontaciones sociales 
por causa del proyecto, a1 disponer de 10s derechos 
de via correspondientes. Por ello, 10s resultados que 
se presentan a continuacion se concentran en la linea 
Baenavista-Huehuetoca. unque debe enfatizarse que 
este sistema esta conformado por 240 km. de in- 
fraestructura y derechos de via disponibles. 

OBJETIVO 

El objetivo del Ferrocarril Suburbano es ofrecer un 
servicio de transporte masivo de pasajeros seguro, 
competitivo y eficiente, que mejore el bienestar so- 
cial de los habitantes de la ZMVM, ahorre tiempo de 
transporte, contribuya en la solucion del congestio- 
namiento vial, la contaminacion ambiental y el exce- 
sivo consumo de energeticos, ademas de coadyuvar 
en la conduccion del desarrollo urbano de la 
ZMVM. 

SISTEMA 1 
LINEAS TRONCALES 

Buenavista-Cuautitlan 
Cuautitlan-Huehuetoca 

25.0 
21 .0 

LINEAS SECUNDARIAS 
San Rafael-Tacuba 10 0 
Lecheria-Jaltocan 21 0 

SUBTOTAL 77.0 
~ ~ ~ y y _ _ / . _ ~ ~ ~ _ _ ~ ~ - ~ _ ( _ _ ~ - - ~ x - ~ - ~ - . ~ ~ - ~ ~ ~ -  - 
SISTEMA 2 
LINEAS TRONCALES 

Ecatepec-Naucalpan 31.5 

LINEAS SECUNDARIAS 
Buenavlsta-Polanco 6 5  

Teotthuacan-Tecamac 23 0 
SUBTOTAL 89.5 

Ecatepec-Teotihuacan 22 5 

~ _ I p * l e l _ u I ~ ~ ~ ~ I ~ ~ ~ . y y Y I _ _ - - ? I L I * i _ y  A--*z---d---"* 

SISTEMA 3 
LINEAS TRONCALES 

Los Reyes-San Juan de Aragon 15.0 

LINEAS SECUNDARIAS 
San Rafael-San Juan de Aragon 25.0 
Chalco-Texcoco 33.0 

SUB TO TA L 73.0 
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DEMANDA DE TRANSPORTE DE PASAJEROS 
EN LA LINEA BUENAVISTA-HUEHUETOCA 

Los analisis se concentraron en el corredor Buena- 
vista-Cuautitlan-Huehuetoca y en un estudio de de- 
manda realizado por expertos internacionales, el cu- 
a1 estima que en el afio 2005 se podrian movilizar, 
en este tramo, 465 mil pasajeros en dias laborales. 
La densidad de pasajeros que se registra en esta li- 
nea es significativamente superior a la que se obser- 
va en sewicios suburbanos de otras ciudades del 
mundo. 

La mayor densidad de trafico se registra en las horas 
pico de la mafiana entre las estaciones de Lecheria y 
Fortuna. Aunque en el Estado de Mexico se ubica la 
mayor parte de la infraestructura ferroviaria, es con- 
veniente considerar que en contrapartida, el princi- 
pal destino por la mafiana y origen por la tarde de 
10s 465 mil pasajeros, es precisamente el Distrito 
Federal, porque es en esta zona donde desarrollan 
sus actividades productivas. El estudio de demanda 
sefiala que el 51% de 10s viajes se realizan por nioti- 
vos de trabajo y el 19% para asistir a la escuela. 

Conexion 
Metro 

Estacion 
Fei-rocarril 
Suburbano 

I Tacuba 
Rosario 

Linea 2 
Linea I 
Linea 6 
Linea 7 

Linea 6 I Fortuna 
Martin 
Carrera 

Buenavista 

Linea 4 
Linea 6 

Linea 2 
Linea 3 
Linea B 

Peralvillo Linea 8 

Linea B San Juan de 
Aragon 

I Los Reyes Linea A 

BENEFICIOS PARA EL USUARIO 

ESQUEMA DE CONECTIVIDAD CON EL SIS- 
TEMA DE TRANSPORTE COLECTIVO-METRO 

En este contexto, resulta de primordial importancia 
establecer un esquema adecuado de conexiones entre 
el Ferrocarril Suburbano y el Metro. 

El Ferrocarril Suburbano ha sido planteado para que 
sus servicios sean accesibles a la mayor parte de la 
poblacion de la ZMVM, ya que 56.5% de la deman- 
da identificada tiene un ingreso menor a 5 salaries 
minimos, y se ap1icar-a una tarifa equivalente a la 
que paga actualmente, per0 con un ahorro en tiempo 
significativo, ademas de una mayor seguridad. 
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I I I I 

origen 

Cuautitlan 
Huehuetoca 

Trans o t e  pro\arril Ahorros 
Acgaf U us ano 

larita en liempo Tanfa en rlempo larifa en liempo 
pesos pesos pesos ___ 

1050 111 50n l  SIOSO 30n1 = i h ? o m  

S I ~ S O  2I i J5m 51450  51 m = 1 1 i 5 4 m  

Nota: El transporte actual se realiza a1 menos en dos seg- 
mentos, el primeso en autobus, combi o minibus y el segundo 
en Metro. Las tarifas y tiempos que se ilustran se encuentran 
integrados. 

Conforme a 10s resultados obtenidos en el estudio de 
demanda, el recorrido promedio de un usuario del 
Ferrocarril Suburbano es de 15 km., 10 que a 
$0.37/kni, resulta en una tarifa promedio de $5.55 

Considerando este recorrido promedio, el simple 
ahorro en tiempo por pasajero seria de 48 min, re- 
presenta eii tenninos de salario minimo $3.44 que al 
inultiplicarse por la demanda de 465,000 pasajeros, 
se traduce en 1.6 millones de pesos a1 dia y en 509 
millones de pesos a1 aiio (318 dias efectivos). Este 
ahorro, podria justificar por si mismo a1 proyecto. 
Adicionalniente, debe considerarse que 10s resulta- 
dos financieros muestran que 10s ingresos son dos 
veces superiores a 10s costos de operacion. 

BENEFICIOS AMBIENTALES 

Con la instrumentacion del Ferrocarril Suburbano se 
obtendria una notable disminucion del numero de 
viajes que se realizan por niedio de vehiculos de 
baja densidad, que equivaldria a unos 26,300 viajes 
a1 dia, 10 que equivale a la disminucion de 15,000 
combis, 10,000 microbuses y 1,300 autobuses, 10 
que ayudaria a reducir 10s congestionamientos vehi- 
culares y la emision de contamiiiantes de la ZMVM, 
particulai-niente en el Distrito Federal, en donde es- 
tos problemas son especialmente criticos. 

Considerando 465,000 pasajeros por dia, con un re- 
corrido promedio de 15 km, se obtienen 6,975,000 
pasajeros-km en el Ferrocarril Suburbano. Supo- 
nieiido el misnio recorrido en autobuses, microbu- 
ses y combis, con una capacidad de 56, 25 y 10 pa- 
sajeros por viaje, respectivamente, se pueden estimar 
10s pasajeros-km que podria substituir el Suburbano 
con una participacion estructural de 15% de autobu- 
ses, 53% de microbuses y 32% de combis. 

REDUCCION EN LA EMISION DE CONTAMI- 
NANTES 

A1 disminuir el numero de viajes por dia de vehicu- 
10s de baja capacidad de transporte, debido a1 fun- 
cionamiento del Ferrocarril Suburbano, se reduciria 
considerablemente la emision de contaminantes en 

este corredor de transporte de la ZMVM, por la 
substitucion directa de estas unidades. Sin embargo, 
adicionalmente se reduciria el trafico y 10s conges- 
tionamientos vehiculares con la correspondiente re- 
duccion en emision de contaminantes, aunque este 
efecto no sea cuantificable. 

Contaminantes 
Todafio 

Hidrocarburos 
Mon6xido de Carbon0 
Oxidos de Nitr6geno 
Oxidos de Azufre 
Pasticulas Solidas 

1,246 
4,112 
3,102 

40 
154 

I 
8,654 I Sums 

I 

Nota.- La emision total de contaminantes en la ZMVM es de 
4 millones de toneladas, con 1 millon por parte de la industria 
y 3 millones de 10s vehiculos. 

Segdn el Programa para Mejorar la Calidad del Aire 
en el Valle de MCxico 1995-2000, las emisiones de 
contaminantes del transporte suburbano soli de 
aproximadamente 62,100 ton. a1 aiio, por 10 que el 
Ferrocarril Suburbano las reduciria en un 14%. 

OTROS BENEFICIOS DE PROTECCION AM- 
BIENTAL 

Las caracteristicas del Ferrocarril Suburbano como 
un sistema de transporte masivo, electrificado y con- 
fiiiado muestran un conjunto de beneficios adicio- 
nales, que permitirian atender de manera mas ade- 
cuada las consideraciones de proteccion ambiental 
en la ZMVM, particulannente en el corredor de 
transporte suburbano Buenavista-Huehuetoca. 

Asi, 10s beneficios adicionales en materia de protec- 
cion ambiental son 10s siguientes: 

1 .  Impulso Transporte Masivo. Se privilegian 10s 
sistemas de transportacion masiva como base de 
la movilidad urbana y se reordenan 10s sistemas 
de baja densidad para que actuen como medios 
alimentadores. 

2. Menor Consumo de Combustibles. Se reduce 
significativamente el excesivo e ineficiente con- 
sum0 de energkticos, a1 sustituirse la utilizacion 
de conibustibles en motores de combustion in- 
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terna, en las unidades de baja densidad, por el 
consumo de energia elkctrica en sistemas de 
traiisportacion masiva. 

Menos Ruido. Se disminuye la contaminacion 
acustica, a1 disminuir considerablemente el nu- 
mero de vehiculos automotores en circulacion y 
substituirlos por un sistema electric0 con un nu- 
mero de decibeles muy inferior a1 total emitido 
por el parque vehicular equivalente. 

Menos Derrames de Aceites. Asimismo, el Fe- 
n-ocan-il Suburbano estara sujeto a la regulacion 
que existe en el seno del TLC, en materia de 
proteccion ambiental, y en particular a la norma- 
tiva mexicana homologada de 10s ferrocarriles de 
Canada y 10s E.U.A., respecto a1 manejo y tra- 
taniiento de lubricantes, en tanto que 10s vehi- 
culos de baja densidad de transporte como com- 
bis, microbuses y autobuses, carecen de un 
control similar y ocasionan un mayor impacto en 
el entoino por causa de derrames incontrolados 
de aceites. 

Adicionalmente, existen otros beneficios en materia 
de proteccion ambiental como 10s siguientes: 

Menor Afectacion Vial por Confinamiento. 
Otros beneficios relacionados con la proteccion 
del eiitorno ambiental que aportara el Ferrocarril 
Suburbano, se refieren a que la infi-aestructura 
ferroviaria se encuentra confinada y ell0 permiti- 
ra que el Ferrocarril pueda operar a su plena ca- 
pacidad sin afectar el transit0 vehicular ni acen- 
tuar 10s problemas viales. 

Circulacion Vehicular Mas Fluida. Un beneficio 
paralelo del Ferrocarril Suburbano consiste en la 
construccion de 14 pasos a desnivel para vehi- 
culos 10 cual permitira agilizar el transit0 de las 
vialidades mas importantes que actualmente se 
encuentran congestionadas. 

Desarrollo Urbano Orientado. La cobertura de 
10s servicios del Ferrocarril Suburbano hasta 
Huehuetoca, permitira inducir un desarrollo ur- 
ban0 planeado en zonas especiiicas y de creci- 
iniento preferencial de la ZMVM, 10 cual ayuda- 
1-6 a desconcentrar 10s principales asentamientos 
urbaiios de esta zona, reduciendo 10s asenta- 
inientos irregulares que generan un importante 
impacto en el medio ambiente. 

Desconcentracion. La construccion de la termi- 
nal de pasajeros de Huehuetoca, con un sistema 
de transferencia de pasajeros eficiente y moder- 
no, entre la terminal de autobuses foraneos y el 
Ferrocarril Suburbano permitira desconcentrar 
de la ZMVM este punto de intercambio y reduci- 

ra el acceso masivo de autobuses, conforniados 
por un parque vehicular obsoleto, a1 centro de la 
Ciudad de MCxico. 

5 .  Mayor seguridad a la poblacion. A1 confinar en 
su totalidad las vias de carga y pasajeros se evi- 
taran 10s actuales cruces vehiculares y de perso- 
nas, que implican riesgos inadecuados para la 
poblacion. 

INTEGRACION DEL FERROCARRIL SUBUR- 
BAN0 AL PROGRAMA PARA MEJORAR LA 
CALIDAD DE AIRE EN EL VALLE DE MEXICO 

Estrategia de integracidrz de politicas metyopolitu 
nas (transporte, desarrollo urbano y nzedio am- 
bien te) . 

A1 respecto, el Ferrocarril Suburbano cumple tam- 
bikn con esta propuesta dentro del capitulo de las 
estrategias y metas del “NUEVO ORDEN URBA- 
NO Y TRANSPORTE LIMP10 - Regulacion del 
Total de Kilometros Recon-idos por Vehiculos ALI- 
tomotores - en el cual se indica que figuran “Crite- 
rios de integracion de planes y programas de desa- 
rrollo urbano con infraestructura existente o 
planeada de transporte publico” 

Entre 10s objetivos mencionados en este apartado se 
encuentra el siguiente: 

1. Mejorar la infraestructura destinada a1 transporte 
publico, favoreciendo las vias para trenes rapi- 
dos y otros modos de transporte sobre 10s de us0 
exclusivo por autoniotores. 

El Ferrocarril Suburbano cumple apropiadamente 
con este objetivo en varias vertientes: 

1. Mejora y moderniza la infraestructura. 

2. Favorece la operacion de trenes modernos, segu- 
ros, eficientes y ripidos. 

3. Desalienta el us0 de automotores. 

4. Agiliza la utilizacion de las vialidades a1 operar 
confinado y construir 14 pasos a desnivel para 
vehiculos. 

BENEFICIO SOCIOECONOMIC0 PARA LA 
SOCIEDAD 

Los beneficios socioeconomicos del Ferrocarril Su- 
burbano para la sociedad corresponden principal- 
mente a 10s ahorros que se obtendrian en costos a1 
no utilizar un mod0 de transporte alterno (costos de 
operacion e inversiones en infraestructura y equipo), 
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ahorros en tiempo de 10s usuarios, asi como 10s que 
resultarian por reduccion de congestionamientos 
viales y accidentes. Estos beneficios superan con 
creces 10s recursos que demanda este proyecto, y su 
justificacion socioeconomica puede observarse a1 
comparar el beneficio social con el apoyo guberna- 
mental que se requiere. 

Buenavista-Huehuetoca Gubemamentales 

Nota. La inetodologia utilizada sigue 10s principios del Banco Mun- 
dial y del BID, que consiste en comparar dos situaciones distintas, una 
sin proyecto, usando un niedio alterno de transporte, en este caso au- 
tobuses. y otra con proyecto, utilizando el Ferrocarril Suburbano. Se 
cvaluan a valor presente las inversiones en infraestructura y equipo, 
costos de operacion, tiempo de transporte y costos de accidentes. Los 
rcsultados a favor del proyecto se asocian a ahorros en costos y bene- 
ficios sociocconomicos del Ferrocarril Suburbano. 

COMPARACIONES INTERNACIONALES 

La cifia anual de 148 millones de pasajeros se com- 
para favorablemente respecto a las que se observan 
en Sistemas de Transporte Suburbano de 10s Estados 
Unidos y Canada. Estos sistemas cuentan con una 
longitud de vias superior, per0 movilizan un numero 
de pasajeros anuales significativamente menor. 

Por citar algunos ejemplos, el ferrocarril suburban0 
de Chicago, en Estados Unidos, dispone de 9 lineas 
suburbanas con una longitud total de 878 kilometros, 
per0 transporta solamente 75.6 millones de pasajeros 
anuales. Caso similar se presenta en el ferrocarril 
Toronto en Canada, que con 7 lineas suburbanas con 
longitud de 36 1 kilometros, movilizan aproximada- 
mente 24.8 millones de pasajeros a1 aiio. 

COMPARACION CON OTROS SISTEMAS 

La experiencia intemacional muestra que este tip0 
de proyectos requiere de apoyos gubernamentales 
por el 100% de la inversion, ademas de un subsidio 
anual para su operacion. 

En el caso del Ferrocarril Suburbano, 10s costos de 
operacioii representan el 50% de 10s ingresos, 10 cu- 
a1 significa que no se requiere subsidio anual y que 
adicionalmente el excedente operativo permite la 
contratacion de deuda. 

PROYECTOS ALTERNATIVOS 
COST0 DEL PROYECTO 

El Ferrocarril Suburbano constituye una solucion de 
bajo costo para 10s problemas de transporte, en par- 
ticular para el corredor Buenavista-Huehuetoca, en 
virtud a que ya se cuenta con buena parte de la in- 
fraestructura ferroviaria. Aun cuando el costo unita- 
rio por km de via es de 11.2 MDD, solo se requiere 
de apoyos gubernamentales 7.0 MDD por km. 

Nota: El costo indicado incluye infraestructura y equipo per0 
ninguno de 10s proyectos considera gastos preoperativos, ni 
intereses o cornisiones. 

El monto estimado de la inversion total para la 
puesta en marcha y operacion de la Linea Buena- 
vista-Huehuetoca, incluyendo gastos preoperativos, 
intereses y comisiones, asciende aproximadamente a 
624 millones de dolares. Los conceptos de mayor 
monto corresponden a1 equipo rodante (48%0), la in- 
fiaestructura ferroviaria (1 7%) y el confinamiento de 
la via (9%). Asimismo, corresponderia un 8% a 
gastos para cubrir intereses y comisiones, 7% para 
estaciones, 6% a seiiales y comunicaciones y un 5% 
para gastos preoperativos. 

ESTRUCTURA DE FINANCIAMIENTO 

El excedente operativo permite que el proyecto so- 
porte una deuda de 223 millones de dolares (aprox. 
40%0), por 10 que se requieren apoyos gubernamen- 
tales por un monto de 401 millones de dolares 
(aprox. 60%). Parte de estos fondos se aportarian en 
especie y el resto en recursos frescos. 
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FLUJOS DEL PROYECTO 

Conforme a las proyecciones financieras, durante 10s 
primeros 17 afios de operacion 10s flujos del pro- 
yecto se destinan a1 servicio de la deuda (intereses y 
amortizacion). A partir del afio 18, 10s excedentes 
permitirian recuperar parte de 10s apoyos guberna- 
mentales que se aportan a1 inicio del proyecto. 

ESTRUCTURA DEL PROYECTO 

La estructura del proyecto, estaria conformada de la 
siguiente forma: 

Del Distilto Federal 

Del Estado de Meiico 
Asignacion del Seiwcio de 

P ~ S ~ J C I O S  Suburbano. confmmc 

nl nmctlio i n  <ie I:, I.RSI: 

f’, ,me1 Paqucte Scgundo Paquete 

. Conriato dc Construccion paia 
obra civil dc cotifinaniicnto dc 
ua ,  estaciones. patios dc 
tiansfeiencia ci i  esiaciones y Is 
ate% opeiativas dc l’ciminales 

* Bienes lnrniicbles para desa- 
iTollocomeicial en Ternmale. 
y otras cstactotics 

CONTRATACION DE DEUDA 

La empresa ferroviaria debera contratar creditos o 
esquemas de arrendamiento financier0 que ofrezca 
el consorcio ganador del Primer Paquete. Ademas, 
Banobras seria la institucion intermediaria de 10s re- 
cursos. Los Gobiernos del Estado de Mexico y del 
Distrito Federal, por su parte, podrian otorgar lineas 
de contingencia que se utilicen como garantia del 
proyecto, en caso de presentarse insuficiencia de in- 
gresos. 

COORDINACION CON LOS GOBIERNOS DEL 
DISTRITO FEDERAL Y DEL ESTADO DE ME- 
XICO 

La consecucion del Ferrocarril Suburbano requiere 
de una importante coordinacion con las autoridades 
del Gobierno del Distrito Federal y del Estado de 
Mexico, por su relacion con el resto del sistema de 
transporte y por sus efectos en el reordenamiento ur- 
bano de la zona metropolitana, a fin de: 

1. Establecer un Acuerdo tripartita entre SCT, GDF 
y Estado de Mexico para el desarrollo del pro- 
yecto 

2. 

3. 

4. 

5 .  

6. 

7 .  

Concertar con 10s concesionarios de 10s servicios 
de transporte de baja densidad, la planeacion de 
nuevas rutas y el establecimiento de servicios 
alimentadores y de desalojo de pasajeros para el 
Ferrocarril Suburbano . 

Apoyar en el disefio y otorgamiento de licencias 
y pemisos para la realizacion de las obras de in- 
genieria civil que deberan llevarse a cab0 en el 
Ferrocarril Suburbano, tales como: pasos a des- 
nivel, cierre de avenidas, obras de confinamieiito 
e interconexiones. 

Adecuar el Plan Maestro del Sistema de Trans- 
porte Colectivo Metro para optimizar recursos 
materiales y financieros. 

Desarrollar conexiones eficientes y modemas 
entre el Metro y el Fei-rocarril Suburbano. 

Establecer un Acuerdo Metropolitan0 sobre pro- 
yectos futuros de transporte masivo. 

Configurar conjuntamente una politica tarifaria 
agil y flexible para el transporte en el area Me- 
tropolitana. 

PASOS A SEGUIR 

1. Establecimiento de un Convenio de Cooperacion 
y Apoyo a1 proyecto del Ferrocarril Suburbano, 
por parte de 10s Gobiernos Federal, del Distrito 
Federal y del Estado de Mkxico. 

2. Determinar con el Gobiemo del Distrito Federal 
y del Estado de Mexico, 10 siguiente: 

La reestructuracion del transporte de superficie. 

w El disefio y el apoyo para la construccion de pa- 
SOS a desnivel, cierre de avenidas, confinamien- 
tos e interconexiones. 

Los ajustes convenientes a1 Plan Maestro del 
Metro en la extension y planeacion de nuevas 
rutas. 

La obtencion de terrenos para la construccion de 
estaciones con areas de estacionamiento y patios 
de transbordo. 

3.  Constitucion de la Empresa Paraestatal Conce- 
sionaria, con 10s activos del Ferrocarril Subur- 
bano. Las funciones principales de la empresa 
serian las de asegurar la instrumentacion del 
proyecto y la administracion de 10s activos in- 
mobiliarios. 
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4. Avanzar en la elaboracion de la convocatoria, 
bases generales de licitacion, bases tknicas del 
concurso, estudio de impacto ambiental, docu- 
mentos contractuales del proyecto, definicion 
del esquema de financiamiento y garantias del 
proyecto. 

5 .  Publicacion de las Convocatorias de 10s dos Pa- 
quetes comprendidos en el Ferrocarril Suburba- 
no : 

rn Primer Paquete, primer trimestre del aiio 2000, 
que incluye 4 contratos: suministro de equipo, 
obras de infiaestructura Ferroviaria, asistencia 
tecnica para la prestacion del servicio y mante- 
nimiento de equipo e infiaestructura. 

Segundo Paquete, de obra civil, segundo trimes- 
tre del aiio 2000, para construir: pasos a desni- 
vel, estaciones, transferencias e interconexiones, 
y desarrollo inmobiliario 

CONCLUSIONES 

Como se puede observar, el Ferrocarril Suburban0 
para la ZMVM, representa un importante proyecto 
que generaria la realizacion de obras de ingenieria 
civil de grandes dimensiones, que contribuirian a de- 
sarrollo de un servicio de transporte masivo de pa- 
sajeros seguro, competitivo y eficiente, que mejore 
el bienestar social de 10s habitantes de la ZMVM, 
ahorre tiempo de transporte, contribuya en la solu- 
cion del congestionamiento vial, la contaminacion 
ambiental y el excesivo consumo de energeticos, 
ademas de coadyuvar en la conduccion del desarro- 
I10 urbano de la ZMVM. 
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Certificacidn de la recepcidn de 200 trolebuses por la Escuela Superior 
de Ingenieria Mecanica y Elktrica 
Certification de la rkception de 200 trolleybus par 1'Ecole Supkrieur d'Ing6nierie Mkcanique 
et Electrique 
Certification of the reception of 200 trolley buses by the Superior School of Mechanical 
and Electric Engineering 

David Monzalvo L6pez & Rafael Alvarez Tomes 
Servicio de Transportes Ele'ctricos del Distrito Federal, Me'xico 

RESUMEN: En 1996 el Servicio de Transportes Electricos del D.F. adquiri6 mediante licitacion publica in- 
ternacional un total de 200 trolebuses diseiiados y fabricados con tecnologia de punta, con un motor de trac- 
cion de corriente alterna. Para garantizar que las unidades cumpliesen con las especificaciones tecnicas de las 
bases de la licitacion, se firm6 un convenio de colaboracion con la Escuela Superior de Ingenieria Mecanica y 
ElCctrica del Instituto Politecnico Nacional para que esta certificara el proceso de reception de 10s trolebuses, 
aplicando diversas disciplinas de la ingenieria. 

RESUME: En 1996 le Service de Transports Electriques du D.F. a acquis par I'intermkdiaire d'un appel d'of- 
fre publique internationale un total de 200 trolleybus conps et fabriquks avec la technologie de pointe, avec 
un moteur de traction de courant alternatif. A fin de garantir que les unites tieFent compte des specifications 
techniques des bases de l'offre, un accord de collaboration a ete signe avec 1'Ecole Supkrieure de Genie Me- 
canique et Elkctrique de 1'Institut Polytechnique National afin de certifier le processus de reception du trolley- 
bus, en appliquant des diverses disciplines techniques. 

ABSTRACT: In 1996 the Service of Electric Transports of the D.F. acquired by means of international public 
bid a total of 200 designed trolley bus manufactured with tip technology, with a traction motor of alternating 
current. To guarantee that the units fulfil1 the technical specifications of the bases of the bid, an agreement of 
collaboration was signed with the Superior School of Mechanical and Electric Engineering of the National 
Polytechnic Institute to certifie the process of reception of the trolley bus, applying diverse disciplines of the 
engineering. 

1 ANTECEDENTES 

1.1 CONTAMINACI~N AMBIENTAL: UN 
PROBLEMA A VENCER 

El acelerado crecimiento de la contaminacion at- 
mosferica en las concentraciones humanas de las 
metropolis mas grandes del planeta ha traido como 
resultado que diversos gobiernos y organizaciones 
altruistas y sociales se hayan visto obligados a opti- 
mizar 10s procesos de produccion de bienes y servi- 
cios que generan algun tip0 de contaminacion por la 
combustion de algun derivado del petroleo. 

Tal es el caso de la Ciudad de Mexico, en donde 
el crecimiento galopante de la mancha urbana ha 
propiciado, por diversas razones, el aumento des- 
controlado de 10s niveles de contaminacion atmosfe- 
rica que dafian la salud de sus habitantes. 

Portal motivo, el nacimiento de una cultura 
ecologica en 10s capitalinos durante la presente de- 
cada, influyo en la planeacion del desarrollo del 

transporte public0 masivo de la Ciudad de Mkxico. 
La Sociedad mexicana que habita la zona metropo- 
litana clama desde hace ya algunos aiios por condi- 
ciones atmosfericas mas limpias. 

Durante 1996, en 10 de 10s doce meses se rebaso 
la concentracion establecida por la norma de calidad 
del aire y en algunos casos se alcanzaron 10s 175 
puntos IMECA. En general, se presentaron mayores 
valores en 1996 que en el aiio proximo anterior: du- 
rante 1995, se excedio la norma de la calidad del 
aire en el 29% del total de 10s dias del aiio, mientras 
que en 1996 se lleg6 a1 50% del periodo. 

Tan solo en 1998 se registro un nivel historic0 de 
contaminacion cuando el 14 de inayo a las 21 :00 ho- 
ras, el Indice Metropolitan0 de la Calidad del Aire 
(IMECA) alcanzo 10s 230 puntos. Entre enero y 
agosto de ese aiio , se tuvo que aplicar en 15 ocasio- 
nes la Fase I del Programa de Contingencias Atmos- 
fericas. En ese mismo periodo, el nivel promedio de 
Ozono fue de 127.35 puntos IMECA, siendo que las 
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normas internacionales caliiican como nocivo para 
la salud un nivel superior a 10s 100 puntos. La Se- 
cretaria de Salud ha realizado estudios sobre 10s 
sintomas que presenta la salud de la poblacion du- 
rante episodios de contingencia ambiental. Los 
problemas comunmente observados son: disnea (di- 
ficultad para respirar), cefalea, conjuntivitis, irri- 
tacion de las mucosas respiratorias y tos productiva. 

I .2 EL TRANSPORTE EL&TRICO: UNA 
SOL UCION 

Por todo ello es importante, que desde el punto de 
vista del Sector Transporte de la Ciudad de Mexico, 
las unidades que prestan el servicio de autotrans- 
porte urbano no contribuyan a1 deterioro del aire que 
se respira en esta gran urbe. 

En este sentido, el Servicio de Transportes 
Electricos del D.F. representa una solucion a1 prob- 
lema de la contaminacion ambiental en la Ciudad de 
Mexico, considerando que el principio de h n -  
cionamiento de las vehiculos de transporte se basa 
en la utilizacion de la energia electrica como medio 
de propulsih. De enero a septiembre de 1999 el 
parque vehicular de trolebuses transport6 a mas de 
52 millones de pasajeros. 

A partir de las consignas emergentes ya mencio- 
nadas, el Gobierno Capitalino, a traves del Servicio 
de Transportes Electricos del D.F. decidio adquirir 
200 trolebuses nuevos con tecnologia de punta que 
ofiecerian a la ciudadania ventajas de confort, segu- 
ridad y eficiencia. Este impulso coadyuvaria a ini- 
ciar una renovacion en el us0 del transporte inasivo 
no contaminante en la Ciudad de Mexico. 

La llegada de estos nuevos trolebuses ha permiti- 
do la sustitucion de una parte del parque vehicular 
que ya ha cumplido, por mucho, su vida util. Esta 
situacion reforzara la cobertura del programa opera- 
tivo diario que considera una expedicion de 344 
trolebuses en ruta. 

Asi mismo fortalecera el servicio en aquellas ru- 
tas en donde la ciudadania requiere la oferta de un 
servicio de transporte mis eficiente. 

2 CERTIFICACION DE LOS 200 TROLEBUSES 
CON TECNOLOGIA DE PUNTA Y MOTOR 
DE CORRIENTE ALTERNA 

Estas unidades heron diseiiadas y fabricadas con 
estandares y normas internacionales 10 que garantiza 
una alta calidad del producto, a1 contar entre otros 
con suspension neumatica para un viaje mas suave, 
disefio moderno, pintura anti - grafiti, iluminacion 
interior y exterior de alta categoria, mayor capacidad 
de arrodillamiento de la unidad para facilitar el acce- 
so a personas con discapacidad fisica o de la tercera 
edad y sistemas electricos y mecanicos de alta segu- 
ridad. Ademas cuenta con una carroceria semi- 

integral con periiles tubulares de acero galvanizado 
y recubrimiento anticorrosivo para mayor duracion y 
resistencia. La suspension neumatica en las cuatro 
llantas tambien se refleja en un menor impact0 del 
peso bruto vehicular sobre el asfalto de las calles de 
la Ciudad de Mexico. 

Para garantizar que 10s 200 trolebuses cumplirian 
con estos estandares de calidad, h e  necesario verifi- 
car que 10s vehiculos satisficiesen integramente las 
especificaciones tecnicas establecidas en las bases 
de la licitacion publica que se llev6 a cab0 para su 
disefio y fabricacion. Para ello, el Servicio de Trans- 
portes Electricos del D.F. firm6 un convenio de co- 
laboracion con la Escuela Superior de Ingenieria 
Mecanica y Electrica (ESIME) del Instituto Politec- 
nico Nacional, para que llevara a cab0 la Certifica- 
ci6n de las pruebas de recepcion de las unidades en 
sus diferentes etapas: pruebas del equipo electrico, 
pruebas estaticas, dinamicas y de recepcion provi- 
sional. 

En este proceso de Certificacion participaron di- 
ferentes areas especializadas de la Ingenieria, tales 
como Ingenieria Electrica, electronica de Potencia, 
Mecanica, Neumatica y de Control. Por otro lado, 
h e  necesaria la intervencion de las areas adminis- 
trativas, tanto de la ESIME como del STE, para la 
correcta gestibn y supervision del proceso. 

3 PROYECTO DE CERTIFICACION 

El proyecto se dividio en diferentes areas de es- 
pecialidad, seis en total, correspondientes a 10s prin- 
cipales sistemas y subsistemas que conforman a1 
trolebus: 

Sistema Electrico de Baja Tension 
- Convertido estatico: 600 VCD a 24 VCD y 600 

VCD a 230 VCA, 60 Hz, tres fases 
- Baterias de Niquel - Cadmio de 24 VCD 
- Protecciones 
- Motor de compresor trifasico de induccion "aula 

- Seiializacibn y Control 
de ardilla" 230 VCA, 60 Hz 

Sistema Electrico de Control y Traccion 
- Sistema de captacion de corriente 
- Pararrayos 
- Fusible principal 
- Reactor de Filtro 
- Control de velocidad por voltaje y ftecuencia va- 

riable (VVVF) mediante Mbdulos Inteligentes de 
Potencia (IPM's por sus siglas en ingles) 

- Motor de traccibn trifasico de induccion "jaula de 
ardilla" 

Sistema Inteligente de Control Digital 
- Sistema de autodiagnostico por computadora 
- Inmunidad y compatibilidad electromagneticas 



Carro ceri a 
- Estructura 
- Antropometria y ergonometria 
- Ventanillas 
- Recubrimientos 
- Aislamientos 
- Iluminacion 

Sistema Mecanico 
- Diferencial de doble reduccion 
- Suspension neumatica 
- Sistema de frenos neumaticos sefin norma 

FMVSS 121 

Sistema Neumatico 
- Compresor 
- Puertas 
- Arrodillamiento 

A cada uno de 10s sistemas mencionados, le h e  
asignado personal altamente especializado en la 
materia, con el fin de determinar, a partir de las 
bases de la licitacion, el numero de puntos que de- 
bian ser certificados. 

De esta manera, el area de ingenieria de STE en 
conjunto con la ESIME, seleccionaron, a partir de 
una revision minuciosa de las bases de la licitacion, 
un total de 1,200 puntos para llevar a cab0 la certifi- 
cation. En este tenor, STE superviso la fabricacion 
de 10s trolebuses en planta y ESIME certifico el 
cumplimiento de especificaciones y pruebas diversas 
requeridas, que estaban referidas en 10s puntos men- 
cionados. Para ello, h e  necesario revisar 10s proto- 
colos y procedimientos de pruebas y normas involu- 
cradas. 

Las pruebas heron subdivididas en dos tipos: de 
prototipo y de serie. Las pruebas de prototipo se re- 
alizaron en dos trolebuses denominados prototipo y 
piloto. Estas heron de caracter especializado, las 
cuales avalaban el lote completo de trolebuses. Las 
pruebas serie heron realizadas a cada vehiculo en 10 
particular . 

Por otro lado, en la certificacion se incluyeron 10s 
puntos que la ESIME considerara necesarios ademis 
de 10s que derivaron de las bases de la licitacion. El 
proceso contemplo la elaboracion de memorias 
tecnicas que incluyeran la informacion necesaria 
para evaluar las condiciones fisicas reales en que 10s 
trolebuses heron entregados. Con ello se podrian 
tomar las medidas adecuadas para corregir 10s 
problemas que se detectaran, en 10s casos donde 
hera  posible. 

4 DESARROLLO DEL PROYECTO Y SUS 
RESULTADOS 

A la fecha, 10s 200 trolebuses han sido certifica- 
dos por la ESIME. Durante el proceso, se determi- 

naron 1 18 desviaciones a las especificaciones tecni- 
cas o a las pruebas realizadas por parte del 
proveedor. Estas desviaciones han sido atendidas 
por este ultimo, algunas a partir de campaiias cor- 
rectivas sobre la unidad. 

Todos las observaciones hechas por la ESIME 
referentes a la fabricacion, resultado de las pruebas e 
informacion referente a 10s trolebuses, han sido 
plasmados en las memorias, en donde se seiiala con 
claridad como las especificaciones de la licitacion 
heron plenamente satisfechas o bien en aquellos 
puntos en donde hub0 incumplimiento por parte del 
proveedor. 

En este sentido la certificacion significo un ver- 
dadero exito ya que permitio identificar anormalida- 
des que en su moment0 heron corregidas, evitando 
con ell0 hturas fallas en 10s trolebuses y como con- 
secuencia un deficiente servicio de transporte a la 
ciudadania del Distrito Federal. 

5 BENEFICIOS DE LA CERTIFICACION 

El proceso de certificacion de 10s 200 trolebuses, 
en adicion a todas las ventajas antes seiialadas, ha 
aportado toda una serie de beneficios agregados, ya 
que por primera vez en Mexico se han realizado 
pruebas y procesos especializados, originados por la 
aplicacion de ingenieria en el STE. Entre otros 10s 
mas importantes se mencionan a continuacion, asi 
como ciertos avances teconologicos que por primera 
vez se aplican en el disefio y fabriacion de vehiculos 
de transporte urbano: 

El trolebus cuenta con un sistema llamado de 
arrodillamiento, cuya finalidad es la de ayudar a 10s 
pasajeros de edad avanzada a subir con mayor faci- 
lidad al trolebus. Consiste en un sistema neumatico, 
el cual permite a la unidad disminuir la altura del 
primer escalon con respecto a1 nivel de la calle hasta 
una posicion adecuada, para posteriormente, una vez 
que el pasajero se encuentre en el trolebus, recupere 
su altura normal. 

Las unidades cuentan con un convertidor estatico 
de 600 VCD de disefio especial por parte de GEC 
ALSTOM, cuya finalidad es alimentar circuitos au- 
xiliares, recarga de bateria, alimentacion a1 motor 
del compresor, etc. Tiene la particularidad de per- 
mitir a1 trolebh arrancar, aun cuando la bateria del 
vehiculo se encuentre descargada. 

Es el primer vehiculo de autotransporte urbano en 
MCxico que cuenta con suspension neumatica para 
mayor confort a1 usuario y reducir el daiio a la car- 
peta asfaltica y estructura del propio trolebus. 

El sistema de transmision mecanica, cuenta con 
un cople aislante entre el motor de traccion y la fle- 
cha cardan, con el cual se logra un doble aislamiento 
de la carroceria para mayor seguridad de 10s pasaje- 
ros. 
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Los trolebuses tienen un sistema de PrOteCCion 
contra la carroceria energizada. Para ello cuentan 
con un sensor desarrollado por Mitsubishi exclusi- 
vmente pars estos vehiculos, el cual detecta cuando 

nes. 
La carroceria de estos vehiculos, h e  disefiada y 

probada apoyandose en la tecnica de element0 finito. 
Esto se log6  con la participacibn de una empresa 
privada en San Luis Potosi con 10s ingenieros espe- 
cialistas en la materia, en colaboracion con el perso- 
nal de ESIME y MASA. 

Es el primera vez en Mexico, hasta nuestro mejor 
conocimiento, que se realiza la prueba de impacto en 
un vehiculo para transporte public0 de pasajeros. 
Para el desarrollo de la misma, unieron esherzos 
doctores, maestros en ciencias e ingenieros del STE, 
la ESIME, MASA y el Instituto de Ingenieria de la 
UNAM, quienes mediante camaras rapidas, lograron 
medir la velocidad de impacto en la prueba y efec- 
tuar 10s calculos correspondientes. 

State of the Art Verl'fication of the Hurd-Driven GTO Inverter 
Development for a 100-MVA Intertie; Vo1.13 No.6, 1182-1190 

' Conclusiones del XVII Congreso Nacional Bienal de Inge- 
nieria Mecanica, Eiectrica y Electrhica, Industrim con mayor 

brero de 1998. Mexico, D.F. 

1998. 

la carroceria esta energizada Y activa las proteccio- pai.tic@acjon en e/ Producto Interior BRito: 23, 12-13 de fe- 

6 CONCLUSIONES 

El proyecto de adquisicion de 10s 200 trolebuses 
nuevos es una prueba mas de que la ingenieria, en 
sus multiples disciplinas, es una realidad en Mkxico, 
que debe reforzarse en instituciones de educacion 
superior y privilegiarse por las empresas que utilizan 
10s servicios de estos profesionistas 

La Electronica de Potencia y la Traccion 
Electrica basada en semiconductores de potencia de 
estado solido controlados digitalmente, es el camp0 
tecnologico basado en la ciencia con mayor dina- 
mismo en las economias industrializadas'. Los estu- 
dios de las Naciones Unidas, a traves de la 
UNESCO, muestran que esta industria es la que mas 
crecera y participara en el product0 interno bruto de 
las naciones'. La electronica de Potencia en con- 
junto con la Traccibn Electrica es considerada por 
expertos internacionales como Ia innovacion tec- 
nologica mas reciente proveniente del desarrollo 
cientifico, que ha revolucionado las bases cientifico 
- tecnologicas de la ingenieria electrica, electronica 
y de procesamiento de sefiales. 

Es alentador que instituciones de educacion supe- 
rior, como la ESIME en conjunto con empresas op- 
eradoras de servicios publicos, desarrollen ingenieria 
aplicada en sus diversas disciplinas a pesar del rela- 
tivo rezago que existe en Mexico con relacion a po- 
tencias mundiales en el ramo. Es por esto que es ne- 
cesario que 10s gobiernos locales y federales en 
paises en desarrollo apoyen este tip0 de proyectos en 
donde la ingenieria se pone a1 servicio de la patria. 

I Peter K. Staimer, Horst E. Griining, Johannes Werninger, and 
Dierk Schroeder, IEEE Transactions on Power Electronics, 
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Urban Transportation and Environment, Diaz Gonzalez, Palomas & Jamet (eds) 0 2000 Balkema, Rotterdam, ISBN 90 5809 128 7 

An overview of the different available clean buses solutions 
Un regard technique et kconornique sur les diffhentes fili6res des bus propres 
Diferentes soluciones tkcnicas de rnotorizacion limpias para 10s buses 

FranGois Rambaud & Bernard Guellard 
CERTU, Dkpartement Systzmes Techniques pour la Ville, Lyon, France 

ABSTRACT: With good load factors, the energetic efficiency of public transport is not to be proven. Their 
responsibility in all of the air pollution is very limited in France and Europe; In “Ile de France” the 4000 
RATP busses account for 1/3 of the motorised surface trips and contribute to less than 4% of the pollutant 
emissions (source ADEME 96). However busses in particular are seen as big polluting responsible. These 
vehicles tend to concentrate the polluting emissions in the massively populated areas, this creating localised 
pollution, particularly visible and fatal. The image of buses hardly improves. Environmental concei-ns are 
becoming for the various political authorities very important, in term of urban quality of life. 
The goal of this presentation is to present an overview of the different solutions, which are today available for 
clean busses. 

R&UME : Pour des taux de remplissage convenables, l’efficacite energetique des transports publics n’est plus a 
demontrer et leur responsabilite dans I’ensemble des nuisances est extrimement limitee en France et en Europe. En Ile 
de France les bus de la RATP (parc de 4000 unites) assurent 113 des deplacenients motorises de surface et contribuent a 
moins de 4% aux emissions de polluants (Source ADEME 96). Pourtant le transport public, en particulier les bus, est 
toujours p e r y  par l’opinion coinme un grand pollueur. Ces vehicules ont tendance en effet B concentrer des emissions 
de polluants, I;i ou afflue ]a population et creent inevitablement des nuisances ponchielles particulierenient visibles et 
nefastes. L’image du bus ne s’est guere amelioree. Les preoccupations environnementales deviennent aujourd’hui, pour 
les differentes autorites politiques un enjeu majeur, en terme de qualite de vie en zone urbaine. Cette presentation vise a 
faire le point sur les differentes filieres qui sont offertes aux decideurs dans le domaine des bus. 

RESUMEN : No tenernos que deinostrar la eficacia eiiergetica de 10s transportes publicos. Su responsabilidad 
en la contaminacion ambiante es muy reducida en Francia y en Europa. En “Ile de France”, 10s 4000 buses de 
la “RATP” aseguraii 1/3 de 10s desplazamientos motorizados de superficie y contribuyen per menos de 4% a 
las ernisiones de contaminantes (origen ADEME 1996). No obstante, 10s buses son todavia percibidos como 
grandes contaminadores por la opinion publica, debido a la contaminacion visible que emiten en 10s lugares 
centrales y muy frecuentados. Ahora, el inedio anibiante y la calidad de vida en zona urbana estan en el 
centro de las preocupaciones y de 10s objetivos de las autoridades politicas. 
Esta presentacion tiene la ambicion presentar las diferentes faniilias de soluciones tecnicas de motorizacion 
limpias para 10s buses. 

1 .  Introduction. 

Le secteur des transports occupe aujourd’hui une place 
importante dans le bilan energetique et represente 
maintenant 25 a 30% de la consomniation finale 
(exception faite pour I’Espagne avec 37%) dans la 
plupart des pays europeens. Dans ce secteur, I’efficacite 
energetique des transports publics n’est plus a demontrer 
et leur responsabilite dans I’ensemble des nuisances est 

extrimement limitee, meme en considerant les taux de 
remplissage moyens. En Ile de France les bus de la RATP 
(parc de 4000 unites) assurent 1/3 des deplacements 
motorises de surface et contribuent B moins de 4% aux 
emissions de polluants (Source ADEME 96). 

Pourtant le transport public, en particulier les bus, est 
toujours perqu par I’opinion comme un grand pollueur. 
Ces vehicules concentrent effectivenient les polluants, 
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lorsqu’ils se retrouvent reunis a des arrCts communs ou 
dans des rues etroites. 11s creent inevitablement des 
nuisances ponctuelles particulierement visibles et 
niajeures pour les riverains. 

Biocarburants (ester methylique) 
Ethanol -Methanol 

Les preoccupations environnementales liees aux 
transports publics deviennent aujourd’hui, pour les 
differentes autorites politiques et les exploitants de 
flottes, un enjeu niajeur en terme de qualite de vie en 
zone urbaine. La loi sur I’air et l’utilisation rationnelle de 
l’inergie de dlcenibre 1996 incite une reduction de la 
voiture en ville au profit de modes plus efficaces sur le 
plan des nuisances. Les actions en faveur d’un transport 
public urbain ((propre)) et econome en energie ne peut 
que repondre a ces preoccupations. 0 X 

o x  
Depuis quelques annees, les constructeurs de vehicules et 
les equipenientiers engagent des programmes de 
recherche pour I’utilisation de technologies (( propres )) et 
proposent actuellenient sur le march6 des vehicules 
correspondant ces criteres. 
Plusieurs options sont proposkes aux exploitants pour 
niettre en euvre  ces solutions respectueuses de 
I’environnement dans leur parc, lors du renouvellement de 
vehicule OLI pour equiper le parc roulant actuel : 

- recours a des carburants alternatifs aux energies 
fossiles traditionnelles (GNV, electricite) ; 
- utilisation de carburants de substitution en partie 
d’origine renouvelable ( Aquazole, diester) ; 
- installation sur  les vehicules existant d’equipeiiient 
de post traitement. 

Les bus urbains sont particulierement concernes par cette 
evolution, pour respecter la reglementation d’une part et 
satisfaire a la necessite d’ameliorer I’image de ce mode 
d’autre part. L’objectif de reduction des emissions sonores 
constitue aussi un enjeu majeur : le bruit etant classe au 
rang de nuisance niajeure en ville. 
L’evolution des motorisations actuelles presente aussi un 
potentiel de developpenient a ne pas negliger, notamment 
pour la reduction de la consonimation. 
La diversite de l’offre technologique actuelle et la 
disparitk des donnkes disponibles resultant des 
nombreuses experiences pour evaluer les performances 
des differentes filieres emergentes generent un certain 
nombre de diffcultes auxquelles les decideurs locaux sont 
confrontes lors du choix d’une politique de transport 
propre. 
Les experimentations engagees par de nombreux reseaux, 
soit individuellenient, soit dans le cadre de programmes 
nationaux pilotes par I’ADEME conimencent d’apporter 
quelques reponses sur la fiabilite des solutions proposees. 

Post traitement 
Catalyseur d’oxydation 
Filtre a particules a regeneration 

L’objet de cette presentation est de presenter un etat des 
lieux des technologies (( propres D. Leur potentialite de 
developpement dependra des conclusions des 
programmes de validation, dont les premiers resultats 
laissent entrevoir des perspectives environnementales 
encourageantes. 

o x  
0 X 

2. Les differentes filieres mise en jeu 

Le tableau suivant recapitule rapidement ces differentes 
filieres en indiquant en premiere colonne leur situation 
actuelle en terme de disponibilite immediate (0) ou en 
phase de developpement (D). La deuxieme colonne 
indique si la filikre est opportune, pour le renouvellement 
(R), la troisikme si elle l’est pour le parc existant (E). 
Ces filieres sont presentees plus en detail aux chapitres 
suivants. 

F i 1 ieres IDisp. I E I R 
Carburants 

I Gazole reformule I 0  I x  I I 

3. Quelques chiffres 

Le parc franqais est actuellenient d’environ 14 000 bus. 
Actuellement seulenient pres d’un quart de ce parc 
satisfait la norme EURO 2. L’adaptation de la partie 
restante se fait lors du renouvellement de materiel ou par 
adaptation d’equipements specifiques. La duree de vie 
nioyenne d’un bus est de 15 ans et le kilometrage annuel 
moyen de 30 a 50000 km. 
La motorisation standard est de type turbo diesel, 
consommant de 45 a 65 litres de gazole au 1 OOkm. 

I1 taut noter que la consommation a tendance a augmenter 
au fur et a niesure que les normes se severisent et que des 
equipements tel que boite de vitesse automatique ou 
climatisation sont couraninient installes. 

Du point de vue economique, il est delicat de citer des 
coats d’investissement ou d’exploitation afin de ies 
comparer a ceux de la filiere gazole. En effet cette 
derniere est aujourd’hui mature avec des coats optimises, 
alors que, pour le gaz et I’electricite, seuls des resultats 
issus des phases d’experimentation sont disponibles. 

I1 faut cependant prendre en compte les effets 
environnementaux et internaliser leurs coats dans le bilan 
economique de ces nouvelles filieres, afin que les 
comparaisons soient coherentes. La difficulte d’evaluer 
ces effets en termes economiques, plusieurs modkles sont 
d’ailleurs proposes par des experts, ne permet pas un 
jugement objectif, bien souvent guide par de seule 
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consideration de rentabilite a court teime. Mais le marche 
viendra valider ces filikres en tenant compte bien siir de 
I’evolution des moteurs thermiques actuels. 
Les ordres de grandeurs comparees sont donnes a titre 
indicatif, sur la base d’un bus de 12 m standard, par 
rapport a un bus gazole. II s’agit de prix base 1999. 
Les bus electriques ne font pas I’objet d’un comparatif car 
les coiits actuels sont issus de phase experimentale non 
representative, tant sur le coiit du materiel que celui des 
infrastructures. 

Postes Bus GNV 

Station recharge Depend du nbre de 
lnvestissernent +I7 a 19% 

Bus GPL 

Depend du nornbre de 
+ 12 a 14% 

bus alimente. 
De 400kF a xMF 60bus : 5MF 

60 a 120 : 6 MF I bus’ I 
2 

i . 
. . -.-_ -_  

----- ._ _ - -  
-. 

(IMF = 153000 Euros ou US$) 

Atelier 
Carburant 

Pour une flotte de 40 bus GNV, le budget global est de 
I’ordre de 30 MF 
Le poste atelier integre notamment la mise a niveau de la 
securite 
Le poste carburant concerne la consoniniation et est 
exprime en rapport par rapport a un bus gazole classique. 

6 MF 5MF 
1,45 1,8 

4. Les normes d’emissions 

Ce graphe. qui integre les valeurs du tableau present6 en 
annexe 1 ,  recapitule les evolutions de la reglementation 
europeenne depuis I’apparition des premieres normes en 
1982, et indique les valeurs actuelles (EURO 2) et futures 
(EURO 3) dont le document final est en cours de 
signature. Celles en phase de discussion sont EURO 4 et 
5. Ces valeurs concernent les vehicules utiiitaires de plus 
d e  3,5T. 
En regardant ces chiffres depuis I’instauration des 
premikres normes, on s’aperqoit que I’etape Euro 2 
actuelle a franchi le plus grand pas. Les progres futurs 
envisages sont plus modestes en quantite, mais 
certainement plus difficiles realiser. 
I1 est a noter qu’a partir de EURO 3 la procedure de test 
des performances sera niodifiee dans I’objectif d’une 
meilleure representativite des cycles de mesures des 
polluants et d’une severisation des seuils. 
Cette nouvelle procCdur-e sera basee sur trois cycles : 
I’European Steady state Cycle (ESC), un test de contr6le 
normalise pour les fumees appele Engine Load Response 
(ELR), I’European Transient test Cycle (ETC) pour les 
regimes transitoires. 

5 .  Les actions sur le parc existant 

Certaines solutions d’ordre technique peuvent Gtre 

Evolution de la reglementation - VU>3,5T 
__ __ _ _ _  . - 

16 I 

- -.- 4 4- 

1982- 1988- 1992- 1995- 2000- 2005- 2008- 
R49 EUROO EUROI EURO2 EUROB EURO4 EURO5 

Date 

appliqukes sur un grand nombre de vehicules. Elles 
peuvent Gtre rapidement mises en ceuvre et avoir, par voie 
de consequence, un impact immediat sur les emissions et 
consonmation du parc. 
D’une part i l  s’agit des carburants ameliorks destines a 
remplacer le gazole. Leur forniulation est prevue pour 
rkduire les emissions des vehicules. On situe les gains 
entre 5% et 20% par polluant selon les formulations 
envisagees et les vehicules concernits. L’impact 
environnemental est surtout sensible pour les particules, 
pour les autres polluants les effets restent faibles. D’autre 
part des dispositifs post traitements des gaz 
d’lchappement, dont I’efficacite est optimum lorsqu’ils 
sont utilises avec les carburants ameliores (gazole TBTS 
ou additif), peuvent Gtre installes sur le materiel existant. 

Les carburants amkliorCs 
Deux categories sont distinguees: les gazoles reformules 
et les gazoles oxygenks. 

Les gazoles reformulks sont composes d’une base gazole 
ayant subi des traitements afin de rkduire les 
concentrations de certains composes nefastes aux 
emissions. Le parametre le plus representatif est la teneur 
en soufre. Actuellement de 500 p.p.m. (soit 0,05% en 
masse) cette concentration sera reduite pour I’ensemble 
du pool gazole a 350 p.p.m. en 2000 puis 50 p.p.m. en 
2005. L’utilisation de souches a tres basse teneur (moins 
de 50 p.p.m.) permet une reduction moderee des 
emissions de particules comprises entre 10% et 15% ainsi 
que des emissions de certains composes toxiques. Le prix 
au litre est superieur a celui du gazole traditionnel. Le 
surcoiit variant entre 30 et 60cilitre suivant la nature du 
carburant et son origine (une part importante de ce surcofit 
est occupke par le transport qui doit se faire dans des 
cuves specifiques). L’utilisation seule de ces carburants 
n’est cependant pas une solution optimale car leur mise en 
place necessite tout de mkme un  certain nombre 
d’operations a realiser au niveaux des infrastructures fixes 
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(cuves..). Utilises avec des dispositifs post traitements 
(voir plus loin) ils offrent par contre des performances tres 
interessantes. 

Les gazoles oxygCnCs sont obtenus en ajoutant des 
composes oxygenes au gazole traditionnel. Dans cette 
categorie entrent les emulsions stables Eau Gazole (EEG) 
telles que I’Aquazole (Brevet Elf) dont le principe est 
d’entrainer une baisse de la temperature de combustion 
(facteur permettant la diminution des emissions de NOx) 
par I’ajout de 10 a 15% d’eau et de divers additifs. Ce 
carburant fait actuellement l’objet de multiples 
experinientations, sur plusieurs reseaux de transports en 
conitnun, dont la RATP. Sur les autobus les plus anciens ce 
carburant permet de reduire les fumees de 20 a 30% et les 
o ~ y d e s  d’azotes de 40 oh. I1 permet aussi une reduction des 
particules. Le surcoQt de ce carburant, compare au gazole 
standard, est d’environ 10% a valeur energetique identique. 
Les premiers resultats de cette experimentation, relatifs 
aux emissions polluantes reglementees et non 
reglementees ainsi qu’a la consonimation, font I’objet 
d’un document de synthese disponible aupres de 
I’ADEME. 
Le ‘‘ diester ” (Esther Methylique de Colza) est un 
compose oxygen6 d’origine vegetale. I1 peut entrer dans la 
composition du gazole traditionnel jusqu’a 5%. Des 
concentrations superieures (couramment 30%) permettent 
une reduction des emissions imbrQlees CO et HC et une 
reduction de la teneur en soufre. Les effets sur les 
polluants restent nioderes, sauf pour le C02.  L’interEt 
principal etant la valorisation de la production agricole. 

* Les dispositifs de post traitement 
En complement des actions relatives au carburant, il 
convient de niettre en euvre  des systenies de post- 
traitement effcaces pour la dkpollution des bus en 
circulation (jusqu’a EURO 2). Ces dispositifs permettent 
d’achever la combustion apres la chanibre et de reduire 
ainsi les emissions de produits imbrdes (CO, HC et 
particules). On distingue deux types de traitement, 
pouvant se combiner : 

- Le catalyseur d’oxydation qui apparait pour les 
nouvelles generations de bus, peut Etre install6 pour un 
coiit de 10 a 20kF stir les vehicules anciens avec des gains 
sur les CO, HC (plus de 60%), ainsi que sur la fraction 
soluble des particules (30% en masse environ). Ses 
performances doivent 2ti-t: cependant testees sur la duree. 
L’utilisation d’un carburant a trks basse teneur en soufre 
est conseillee, mEme si ce dernier inhibe I’action 
catal ytique. 

- Les filtres a particules ou CRT, dont la mise au point 
s’est lieurtee a un problenie de tenue mecanique lors des 
regenerations, sont des solutions techniquement 
satisfaisantes aujourd’hui. Ces dispositifs sont dits a 
regeneration continue (combine d’un catalyseur 
d’oxydation et d’une cartouche ceramique filtrant les gaz 
d’echappement. Le concept permet la regeneration en 
continu du filtre - combustion des suies ou particules 

piegees). I1 en existe plusieurs types commercialises (avec 
ou sans catalyseur, utilisant ou pas un additif). Ces 
demiers, aux performances attractives (entre 80 et 90% de 
reduction des suies), imposent, pour certains d’entre eux, 
I’utilisation d’un carburant spkcifique a tres basse teneur 
en soufre (moins de 50 ppm). Les premiers resultats de la 
RATP indiquent de tres bonnes performances sur les 
differents polluants, a l’exception des NOx. Une des 
incertitudes reste la duree de vie de ces filtres, dans de 
bonnes conditions de fonctionnenient. Elle est estiniee a 
cinq ans. La RATP a engage un programme a court terme 
pour equiper 2200 bus de son parc, pour un coct de 30 
000 F par unite. 

La reduction des oxydes d’azote reste le problenie 
sensible qui fait I’objet d’iniportantes recherches. I1 est 
sans doute exclu de  voir apparaitre des systenies de post- 
traitement de NOx avant 2005. La RATP envisage 
d’experimenter I’utilisation de 1’Aquazole avec un filtre a 
particules. 

6 Les filieres avec renouvellement d e  vehicules 

Le renouvellement du parc doit Etre accelere. 
L’acquisition de materiel d’occasion ou le 
reconditionnement de vieux matkriels, solution trop 
souvent adoptee dans certains pays en voie de 
developpenient, est a proscrire. Cette action permet de 
remplacer des vehicules anciens, au fonctionnenient 
generalement degrade, par des vehicules neufs. Les 
niotorisations traditionnelles au gazole subissent 
actuellement de nombreuses modifications visant a 
reduire les emissions polluantes (EGR, injection 
electronique ...) Les nornies d’emissions vont devenir de 
plus en plus severes. 

Beneficiant d’un grand savoir-faire technologique, la 
filiere diesel a fait d’enormes progres, niais presente 
encore des inconvenients au niveau des emissions 
polluantes : 
e elle genere des emissions de particules superieures a 

celles des autres carburants routiers ; 
0 le gazole etant un produit lourd, sa combustion donne 

naissance a des hydrocarbures imbrQlCs complexes 
(HAP) ; 
le moteur diesel emet des NOX en condition de forte 
charge. 

0 

Les travaux de recherche s’orientent donc sur le choix 
d’autr-es carburants, oii dc carburant de synthise, 
permettant par leur nature de diminuer ces emissions. 
Les carburants gazeux du fait de leiir grande Iegerete 
(GNV ou GPL) presentent par rapport aux carburants 
classiques des atouts environnenientaux incontestables 
lies a leur composition 11s offrent des caracteristiques qui 
pennettent line bonne compatibilite avec les niotorisations 
a allumage coniniande. 
Leurs qualites permettent un excellent comportenient des 
vehicules a froid en niatikre d’eniissions (petits parcours, 
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basses temperatures) ce qui conduit a une utilisation 
particulierement attractive en configuration urbaine. 
L’electricite, deja tres presente dans les transports urbains 
guides (metro, trolley, tramway), offrira a terme des 
avantages environnementaux complementaires, sous 
reserve que les technologies de stockage de l’energie dans 
les batteries ou de production embarquee (hybride) 
deviennent performantes. 

4 Le Gaz Nature1 pour VChicules (GNV) 
Ce carburant gazeux utilise dans les vehicules reduit de 
maniere tres sensible les emissions sonores et olfactives et 
supprime les fumees noires. Stocke sous forme gazeuse a 
200 bars, i l  autorise une autonomie de l’ordre de 300 km 
sur un autobus. Les resultats en termes d’eniissions 
polluantes montrent une absence totale de composes 
lourds et une reduction notable en masse de particules. 
Les resultats obtenus sur les aiitres polliiants progressent 
rapidement en fonction de I’evolution technique. 

Deux strategies existent actuelleinent : 
e la filiere stcecliioiiietrique (sans exces d’air ni de 

carburant) permet I’adoption d’un catalyseur 3 voies 
reduisant dans une forte proportion les emissions de 
CO, HC, NOX 
la voie “pauvre” (fort exces d’air) tres prometteuse en 
ternie de consomniation et d’emissions est plus 
complexe a mettre en ceuvre inais n’autorise 
actuellement que l’utilisation d’un catalyseur 
d’oxydation. 

e 

o 

Ce gaz possede conime le GNV des atouts 
environnementaux incontestables. L’offre industrielle 
d’autobus GPL apparait. Les motorisations utilisent des 
technologies issues des motorisations essence modernes 
(injection liquide, melange stcechiometrique et catalyseur 
3 voies). La filiere melange pauvre se developpera a court 
terme en induisant un gain au niveau de la consommation. 

Le Gaz de Petrole Liquefie (GPL) 

e L’electricite 
Elle presente un interiit environneniental reel pour des 
applications telles que les minibus ou niidibus en centre 
villc : 
- absence de gaz d’echappenient et donc d’emissions a 
proximite de son lieu de conduite ; 
- suppression des emissions sonores ; 
- conduite plus souple et securisante diminuant les risques 
d’accident. 
Des lignes de bus electriques peuvent itre mises en 
service pour des usages varies ; operations de desserte de 
centres - villes ou de sites touristiques, navettes parkings 
entre parc relais et centre ... 

L’hybridation consiste a associer dans le vehicule une 
motorisation thermique et une motorisation electrique. La 
traction electrique permettant, par la derivation d’une 
fraction de la puissance fournie et le stockage de I’energie 
dans les batteries, d’augmenter le rendement (reduction 
importante de la consommation et donc des emissions 

CO2 ). Le fonctionnement en mode electrique pur est 
possible en zone urbaine dense. La mise en ceuvre des 
systemes hybrides presente I’avantage de ne pas necessiter 
d’infrastnictures d’approvisionnement specifiques. Cette 
technologie est compatible avec les solutions de 
depollution (carburants alternatifs, post traitement ...) 

7 .  Conclusion 

L’offre reelle des constructeurs europeens en motorisation 
GNV, GPL et Clectrique est significative d’une evolution 
vers des bus respectueux de I’environnement. 
En France, un dispositif d’aides au developpement est niis 
en place. Ce programme (( Vkhicules econonies et 
propres H est pilot6 par I’ADEME. Les beneficiaires sont 
les gestionnaires de flottes publiques et privees et les 
collectivites locales et leur groupement. Des aides 
financieres pour I’etude d’optimisation du parc et le choix 
des vehicules alternatifs ainsi que leur acquisition 
completes ce dispositif incitatif. 
Pour les bus propres, I’aide est dediee a la validation de la 
solution envisagee avec une mission de conseil pour sa 
mise en ceuvre. Ce programme, base sur des situations 
rkelles analyse selon une methodologie reproductible les 
aspects techniques, economiques et environnementaux des 
vehicules pendant un an. L’evaluation des performances 
reelles des vehicules et des systemes innovants, resultent 
d’operations de demonstration avec un programme de 
suivi pour les filieres GNV, GPL et electrique. 
Le choix entre ces differentes filieres est donc offert aux 
autorites organisatrices et aux reseaux. Elles ont chacune 
leurs propres atouts et leurs faiblesses pour des marches le 
plus souvent complementaires. Des etudes prealables 
doivent eclairer le choix des decideurs sur la solution 
optimale a mettre en ceuvre pour leur flotte de bus en 
tenant compte de la taille du parc, de la vitesse 
commerciale, de la longueur des trajets et des contraintes 
d’infi-astructures et de remplissage inherentes aux filieres 
envisagees. 
Le tableau, presente en annexe 2, presente le parc actuel 
des principales filikres dkcrites. Certaines parties du 
monde ne sont pas representkes, conime la Chine, oh le 
gaz est a certains endroits tres present. La filiere GNV 
reste, a priori, la filiere la plus developpee, niais dans un  
proche avenir les autres filieres, comnie la pile a 
combustible peuvent tres bien emerger au premier plan. 

Cependant les progres a realiser sur le parc existant sont 
trop importants, et les taux de renouvellement trop faibles 
pour attendre les futurs developpement, sans ameliorer la 
flotte existante. 

Pour plus d’infonnation, 
- sur ces filieres et les programmes experimentaux : 
ADEME : Agence de I’Environnenient et de la Maitrise 
de I’Energie - 27 rue Louis Vicar - 75737 PARIS Cedex 
http : I /  www.ademe.fr ; 
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- sur le projet UTOPIA’ qui recapitule line base de 
donnees presentant plus de 200 experimentations 
innovantes dans le domaine des transports urbains : 
http :I1 www.utopia-eu.com, 
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- Texte de la conference intitulee ( (Bus non 
polluants : quelles solutions techniques pour les 
reseaux ‘? )) prepare par Patrick COROLLER et Jean 
Loup GAUDUCHEAU du DCpartement 
Technologies des Transports de I’ADEME. 

- Rapport publie par le CERTU et intitule (( Les bus 
propres en France - les filieres actuelles H, qui est une 
synthese realisee par Jean Loup Gauducheau de 
I’ADEME sur la base d’une etude effectuee par 
Franqois BARBIER et Bernard BERTRAND pour le 
compte du PREDIT. 

’ UTOPIA - Urban Transport : Option for Propulsion systems 
and Instruments for Analasis - projet engage par la Direction 
Generale pour les Transports (DGVII) de la Commission 
europeenne afin d’evaluer la pertinence des nouveaux systemes 
de transports niettant en ceuvre des motorisations innovantes. 
L’objectif final du projet reside dans I’elaboration de conseils 
pour promouvoir les systenies les plus prometteurs en niatiere 
d‘environnenicnt principalenient. 
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Annexe 1 : Evolution des normes en Europe 

Rkgl emen t Dates CO HC Nox Particules 
d’application gikWh gikWh glkWh gikWh 

R49 01 1982 14 3,5 18 
EURO 0 01/0411988 11,2 2,4 14,4 
EURO 1 0 1 /04/1992 4,5 1 , l  8 0,36 (>85kW) 

0,61 (<85kW) 
EURO 2 0 1i1 Oil 995 4 1 2 1  7 0,15 (>85kW) 
norine nctuelle 0,255 (<85kW) 
EURO 3 
Diesel (cycle 2,1 0,66 5 0,10(>85kW) 
ESC) 5,45 0,78 5 0,16 (<85kW) 
Gaz (cycle ETC) 

Diesel (cycle 1,5 0,46 3,5 0,02 
E X )  4 0,55 3,5 0,03 
Gaz (cycle ETC) 
EURO 5 2008 nc nc 2 11 c 

0 1 i 1 0/2000-200 1 

EURO 4 2005 - 2006 

FumCes 
m-‘ 

O,8(ELR) 

0,5 (ELR) 

nc 

Annexe 2 : Noinbre de vkhicules en service selon la filiere (09/99). 
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Development of a model to estimate savings from reduction in accidents 
Creation d’un mod2le pour evaluer les economies suite a la reduction d’accidents 
Desarrollo de un modelo para estimar el ahorro en la reduccion de accidentes 

V. M. Puvanachandran 
Department of Civil Engineering, PNG University of Technology, Pupua New Guineu 

ABSTRACT: Accident data and independent variables relating to highway, traffic and environmental factors, 
in excess of 430 items that are being collected to produce a model reflecting conditions in PNG is presented. 

€&SuME: DonnCs des accidents et variables independantes en relation avec les routes , le trafic et 
I’environnement, au -del8 de 430 sujets examines pour modeliser les conditions en PNG 

RESUMEN: Datos de accidentes y variables independientes relacionadas con Ias carreteras el trafico y 
factores medioambientales ademas de otras 430 categonas utilizadas para producir un modelo en PNG. 

1 INTRODUCTION 

During 1994 to ’96, 15300 road accidents were re- 
ported in Papua New Guinea (PNG). They resulted 
in 5700 deaths or serious injuries. Despite the above 
statistics, benefits from reduction in accidents are 
ignored in the distribution of funds for transport 
provision because no accepted methodology exists 
for accident prediction and evaluation. Procedures 
developed to reflect the circumstances existing in the 
country is presented; classified as follows: 

e Accident data (dependent variable) 
e Highway factors 
e Traffic factors 
e Environmental factors. 

Case studies of several accidents during 1998199 
have been completed to identify primary variables 
that lead to accidents in the country. The results of 
the analysis will be discussed in the present paper. A 
flow chart to estimate benefits from reduction of ac- 
cidents due road improvements is given in Figure 1. 

1 Average cost per accident casuality 
1 classified as fatal, serious and slight 1 

7 
\ 

Total cost of accidents on existing I ’ network, classifed as fatal, serious 
and slight, over study period on the 1 basis of historic data and forecasts ~ 

i 

1 Define study area and existing 
& improved network 

\ 
Total cost of accidents on improved 1 

network classifed as fatal, serious 1 1 and slight, over study period on the 
i basis of mathematical models 1 

I I 

I 1 
Discounted costs over study penod ’i I 

on both networks; hence benefit L[ resulting from reduced accidents 
i due to improved network 1 

Figure 1. A flow chart for estimation of benefits from reduction of accidents 
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2 UTILIZATION OF EXISTING MODELS 

There are several features in accident prediction and 
forecasting models used in developed countries that 
can be utilized for application in PNG, after check- 
ing the relevant model for appropriateness of appli- 
cation and calibration (Department of Transport 
1981). However there are also several features 
which are specific to PNG. Additional research is 
needed to develop an accident prediction and costing 
model applicable to PNG which reflect the special 
features. 

The needs arise because of the semi-subsistence 
nature of PNG economy, cultural differences and 
decline over the years of the expatriate population in 
the country. Other factors are increasing proportion 
of older and poorly maintained vehicles possessed 
by a growing number of middle-class citizen popu- 
lation, poor road construction standards, limited 
provision of road safety facilities, limited road user 
education and poor maintenance culture. Research 
presently being undertaken and findings completed, 
in order to develop an appropriate accident predic- 
tion and costing model will be discussed in the rest 
of the paper. 

3. COLLECTION OF ACCIDENT DATA 

Under a long term Cooperative Programme of Road 
Safety Research between the United Kingdom and 
Papua New Guinea, data has been collected since 
1986. Comprehensive information on the prosecu- 
tion of offenders and macro level analysis of the data 
is undertaken using the MAAP accident analysis 
package developed by the Transport Research Labo- 
ratory of the United Kingdom. The data is deficient 
for undertaking detailed research because of the 
following reasons: 

Damage-only accidents are generally under- 
reported. 
Accident locations are not identified accurately. 
Reporting police officers are not adequately 
trained. 

Extensive measurements of accident data and in- 
dependent variables are being collected since 1997 
on Highlands Highway, an arterial road and the Lae 
to Mumeng road, a provincial highway in order to 
formulate a set of mathematical models that can be 
used to forecast accidents in PNG. 

3.1 Corrections for  under-reporting 
Award of compensation payment, even for minor of- 
fences, is an established tradition in PNG. Generally, 

parties to a dispute accept arbitration by a policeman 
to be an acceptable method of determining compen- 
sation to be paid by an offender to an aggrieved 
party. Therefore, it is reasonable to accept that un- 
der-reporting of accidents in urban centers is fairly 
low while limited under-reporting of accidents may 
occur in remote locations. 

In our research, the statement in the last para- 
graph is being confirmed by the use of time-lapse 
cameras strategically located at known accident 
black spots in urban and remote locations. The ob- 
servations are used to identify near misses at various 
black spots in order to compare them with the num- 
ber of reported accidents. 

In this respect, one can be fairly confident that 
nearly all fatal and serious accidents are being re- 
ported because it is fairly difficult for an offender to 
escape after an accident even in a remote area. This 
is because the number of vehicles is small and alter- 
native passages available for an offender to escape 
are highly restricted. Also, compensation payments 
for serious accidents in rural areas of PNG are not 
by private arrangement between the aggrieved and 
the offender but will involve respective clans as- 
sisted by the police. 

3.2 Identification of accident locations 
Three possible methods were evaluated to identify 
accident locations. Initially, accident sites were 10- 
cated with reference to nearby culverts, bridges, 
prominent road furniture and electricity pylons. The 
location of such features is specified in a road in- 
ventory plan. However, in remote locations where 
road features are not conveniently located, traffic 
policemen tend to crudely judge the distance for re- 
porting purposes. However, the approach was found 
to be the only satisfactory method available to locate 
slight accidents, which are reported by the drivers to 
the nearest police station instead of the traffic police 
attending to the scene of accidents. It is possible by 
interrogation of the drivers to determine the location 
of the accident with reasonable accuracy and deter- 
mine the co-ordinates with the aid of the reporting 
driver. 

The second approach is to establish kilometer 
posts and paint a mark on the road every 200 metres. 
The markings, especially on gravel roads have lim- 
ited life and their maintenance was expensive. 
Therefore, the practice was abandoned. 

The third approach is to use GPS instruments to 
determine the co-ordinates of accident locations. The 
approach has proved to be successful for use by at- 
tending police officers to locate serious and fatal ac- 
cidents. 
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3.3 Training of traffic police officers 
The National Road Safety Council of Papua New 
Guinea supports the present research project. A re- 
quirement of the financial support for the research 
project is that selected traffic police officers will 
work together with the research team in accident 
data collection. At present, four officers are sec- 
onded from the traffic police which has proved to be 
mutually beneficial. 

4 COLLECTION OF HIGHWAY FACTORS 

The Transport Research Laboratory has suggested 
that “accidents per million vehicle-kilometers” is 
related to recovery width, curvature, gradient, sur- 
face irregularity, junctions per kilometer, junction 
type and sight distance. Causal examination of acci- 
dents in PNG indicates that the following additional 
highway factors are significant in causing accidents. 
Cheap road construction standards and practices, 
poor maintenance of road network, poor implemen- 
tation of landuse planning regulations, high speeds 
on approach to sharp curves and limited provision of 
road safety facilities. 

4.1 Cheap construction standards and practices 
On the basis of conventional cost-benefit analysis, it 
is uneconomic to reconstruct or newly construct a 
large number of roads in PNG to satisfactory engi- 
neering standards. Hence, a number of roads are 
built to sub-standard specifications, for instance pro- 
vision of limited drainage facilities. Sub-standard 
practices lead to rapid deterioration of the road 
which in tum lead to increase in accident rates. Poor 
road construction practices such as unlit ditches next 
to road works also lead to accidents. 

4.2 Poor maintenance of road network 
Provision of new roads is politically popular while 
funds for road maintenance generally do not have 
the support of politicians. Also, donor agencies do 
not generally fund maintenance projects. It has be- 
come an accepted practice to let even well con- 
structed roads deteriorate well past the design life 
and then seek funding to reconstruct them. The 
practice leads to significant increase in accidents as 
the road progressively deteriorates. 

4.3 Poor implementation of planning regulations 
Roadside markets and landuse development close to 

new roads lead to accidents. Other factors in this 
category include slash and bum operations for agri- 

culture in land made readily accessible due to the 
provision of new roads. They in turn lead to in- 
creased road drainage which overflow existing cul- 
verts leading to damage of road surface and hence to 
increase in accident rates. 

4.4 High approach speeds on curves 
Vehicles travelling at high speeds on curved road 
sections transgress into the opposite lane (Puva- 
nachandran 1995). Transgression has been observed 
as a cause for accidents. The effects of such acci- 
dents are particularly detrimental at short span, sin- 
gle lane bridges which frequently have steep ap- 
proach gradients and sharp curves. Furthermore, 
pedestrians and vehicles share a common deck on a 
number of these bridges. 

4.5 Limited provision of road safety facilities 

Damaged, non-existent or badly designed road signs, 
safety fences and barriers frequently lead to acci- 
dents in PNG. The situation is exacerbated due to 
non-existent road lights. 

4.6 Collection of highway factors 

158 different features are being collected for in- 
depth analysis of highway factors on accident cau- 
sation. In addition to conventional measurements 
such as gradient and curvature, the following factors 
are measured: road terrain classification, road type, 
width, type and condition of pavement, shoulder, 
verge and batter, recovery width, line marking, sight 
distance, cross-fall, details of isolated curve on site, 
details of intersection, pedestrian facilities, road fur- 
niture and drainage structures. 

5 COLLECTION OF TRAFFIC FACTORS 

Accidents due to traffic factors may be due to vehi- 
cles, drivers, passengers, pedestrians, domestic and 
wild lives. 

5.1 Mechanical condition of vehicles 
In PNG, the legal requirement is for vehicles to pass 
“road safety tests” every six months. Light vehicle 
testing for the purpose includes the provision of sat- 
isfactory lights, signals, brakes, steering and wheel 
alignment. Additional requirements are specified for 
public motor vehicles (PMVs), medium and heavy 
goods vehicles. However, a significant percentage of 
vehicles operate on the highways without meeting 
the prescribed safety standards. Following an acci- 
dent, the following features of the relevant vehicles 
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are investigated as part of our research: vehicle cate- 
gory, condition of brakes, clutch, steering, wind 
screen wiper, light control arms, lights, reflectors, 
indicators, mirrors, suspension, tyres, doors and 
locks, means of restraint and the general repair of 
the vehcle. 

Open-backed vehicles, which carry unrestrained 
passengers, are a primary cause of accidents. Inves- 
tigations have indicated that this form of transport is 
unstable and where accidents occur will lead to a 
disproportionate number of passenger causalities and 
a high level of trauma (Puvanachandran 1999,pers. 
comm, Nelson 1990) 

5.2 Driver efficiency 
Driving tests in PNG are not as stringent as in de- 
veloped countries. Expatriates arriving from most 
countries are licensed on production of licenses from 
their home countries. Also, sophisticated instruments 
such as red light cameras, radar speed meters and 
measurements of alcohol intake levels are not hl ly  
developed to produce acceptable results for prose- 
cution. Chewing of buai (betel nut) is also consid- 
ered to be a primary cause of accident. 

PMV drivers are generally blamed for a dispro- 
portionate number of accidents. There may be some 
justification in the claims since public motor vehi- 
cles are owned privately and the drivers are paid on 
a percentage of the fares collected. 

In our proposed investigation, the following in- 
formation with respect to the drivers are collected 
with respect to an accident: age, sex, license cate- 
gory, nationality, driving experience, familiarity 
with the area, understanding of traffic signs, em- 
ployment, physical condition and mental state before 
and after the accident, influence of liquor, buai or 
other drugs and level of fatigue. Prior traffic of- 
fences of the dnver are also noted. 

5.3 Information on passengers 
Age, sex, physical and mental condition of causali- 
ties, influence of liquor or other drugs and level of 
fatigue have been considered as important criteria in 
overseas studies. Additionally, the following factors 
are considered important in Papua New Guinea: 
overloading of vehicles, specially open-backed 
trucks with cargo and passengers, spitting buai from 
moving vehicles and passengers position of travel. 
For instance, it has been shown that severity and 
frequency of accidents are high in the case of unsu- 
pervised youngsters travelling in the back-trays of 
open-backed trucks as unrestrained passengers. 

5.4 Information on pedestrians 
Age, sex, physical and mental condition of causali- 
ties, understanding of traffic signs, activity being 
undertaken and attentiveness prior to accident, influ- 
ence of liquor or other drugs and level of fatigue 
have been considered as important criteria in other 
studies. 

Other factors that are important in PNG include 
weight of head load if any, location of accident and 
experience of the pedestrian with respect to the envi- 
ronment; for instance a villager in town. A possible 
cause of accidents specific to PNG is the attitude of 
pedestrians and limited care they take in moving 
within a crowd of vehicles. In a number of develop- 
ing country towns such as in India, the present 
author has noted that pedestrians give due care and 
attention to moving vehicles even when they cross 
on designated crossings. In PNG, it is considered a 
courtesy for vehicles to wait for pedestrians to sig- 
nificantly complete the crossing-movement prior to 
the movement of the vehicle to cross a pedestrian 
crossing. Even otherwise, it is unwise to assume that 
pedestrians will always give way to a moving vehi- 
cle, even when reversing. 

5.5 Information on domestic and wild lives 
In rural areas of PNG, the consequences of meeting 
a road accident with a pig or other domestic life can 
lead to serious consequences. Unfenced roads trav- 
erse through extensive miles of wilderness. Also 
wild birds and animals are readily attracted to the 
roadside to feed on carcasses which have been killed 
by passing traffic. Information is being collected to 
identify any accident black spots related to such 
causes. 

6 COLLECTION OF ENVIRONMENTAL 
FACTORS 

On the basis of the pilot study, the following envi- 
ronmental factors were considered to be important: 
time of occurrence of the accident, natural visibility 
and climate, level of artificial lighting, environment 
within the vehicle (e.g.: returning after a football 
match), surrounding environment (e.g.: tribal fight in 
progress, roadworks), road location (e.g.: roadside 
market) and topography. With respect to the envi- 
ronment, specific attention will be given to identifL 
environments that encourage highway robbery and 
associated accidents. 
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7 CONCLUSION 

Information on 436 independent variables is being 
collected of which several features are specific to 
Papua New Guinea. Accident black spots will be 
identified and case studies relating to these black 
spots will be completed to identify primary inde- 
pendent variables. 

Some of the significant variables so far identified 
are; influence of alcohol and drugs, approach speeds 
to single lane bridges, speed of vehicles as they ap- 
proach isolated curves, sudden changes in pavement 
conditions and environmental conditions. There is 
limited evidence that accident rates may be corre- 
lated to recovery width, however there is little causal 
evidence that gradients, curvatures and junction fre- 
quencies are significantly correlated to accidents on 
interurban roads in Papua New Guinea. 

In 1988, a brief study undertaken by the Depart- 
ment of Transport estimated the cost of a fatal acci- 
dent to be Kina 30,000 (US$ 30,000). Data collec- 
tion to improve the estimate will commence shortly 
as a separate but parallel project involving the Motor 
Vehicle Insurance Trust, private insurance compa- 
nies, hospitals, police, Department of Transport, ac- 
cident victims and their families. 
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Bus accidents: An additional burden for the poor 
Accidents d’ autobus: un fardeau supplhentaire pour les pays pauvres 
Accidentes de bus: Una carga adicional para el pobre 

D. A. C. Maunder & T. Peace 
Transport Research Laboratoiy, Crowthorne, UK 

ABSTRACT: Countries of the developing world are characterised by rapid urbanisation, high growth rates 
in traffic and congestion and decreasing regulation of public transport. Because a majority of the developing 
world’s inhabitants are dependent on public transport services, the need for safe, effective and efficient public 
transport is essential to ensure adequate and affordable ‘accessibility. The paper highlights the results of stud- 
ies examining public transport operations in Nepal, India, Thailand, Tanzania and Zimbabwe. The contribu- 
tion of bus accidents to the accident burden of each country is established and likely causes identified. Finally, 
recommendations are made to reduce both the severity and number of public transport accidents. 

R&SUMk Les pays du tiers monde se caracterisent par une urbanisation rapide, un t aw de croissance du 
trafc et des encombrements ClevC et une deregulation des transports publics. C o m e  la plupart des habitants 
des pays en ddveloppement sont tributaires des transports en commun, il est important de prCvoir des trans- 
ports publics shs, efficaces et qui fonctionnent et d’en assurer l’acces suivant les besoins et a un prix raison- 
nable. Cet article expose les resultats d’etudes sur les transports en commun au Nepal, en Inde, en Thailande, 
Tanzanie et Zimbabwe. Ces etudes examinent la contribution des accidents d’autobus a la totalit6 des acci- 
dents enregistres dans chaque pays et tente d’en identifier les causes. Enfin, il propose des recommendations 
pour rkduire la gravitk et le nombre d’accidents de transports en commun. 

RESUMEN: Los paises en desarrollo se caracterizan por: rapida urbanisacion, altas tasas de crecimiento 
del trafico, y congestion. La mayoria transporte publico, por 10 tanto, se necessita depender del servicio se- 
guro, efectivo y eficiente. 
Este articulo presenta 10s resultados de varios estudios que examinan la operacion del transporte en Nepal, In- 
dia, Thailand, Tanzania y Zimbabwe. Estos estudios investigan la proporcion de 10s accidentes de bus en el 
total de accidentes de cada paiz, y 10s posibles causas. Finalmente, se hacen recomendaciones para reducir 
tanto el numero como el gravedad de 10s accidentes de transporte publico. 

1 INTRODUCTION 

Worldwide, there are estimated to be up to 1 mil- 
lion road accident fatalities and 10 million people 
injured annually, many with long term disabilities 
(World Health Report (1999) Tables 2 and 4). Al- 
most 70 per cent of these occur in the developing or 
emerging world. Whilst there is a general decline in 
the number of fatalities in industrialised countries 
the opposite is true elsewhere. If account is taken of 
levels of motorization by expressing accident statis- 
tics as rate per registered vehicle, then less devel- 
oped countries (LDCs) have rates at least 10 to 20 
times higher than the best industrialised countries. 
The worst countries in these terms have fatality rates 
100 times higher (Ghee et al 1997). 

Fouracre and Jacobs (1976) calculated that, for 

any country, the cost of road accidents was equiva- 
lent to approximately one percent of its Gross Na- 
tional Product (GNP) although currently it is thought 
to be between one and three percent. However, using 
the 1 percent figure gives an estimated annual global 
cost of road accidents of the order of US$230 bil- 
lion, with the cost to LDCs being around US$36 bil- 
lion, a sum that they can ill afford. 

Countries throughout the developing world are 
characterised by rapid urbanisation, high growth 
rates in traffic and, consequently, congestion and de- 
creasing regulation of public transport. Because the 
majority of the developing world’s inhabitants are 
dependent on public transport the need for safe, effi- 
cient and effective public transport services is essen- 
tial to ensure adequate and affordable accessibility, 
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for sustaining livelihoods ad rural and urban devel- 
opment. 

This paper, describing work funded by the British 
Government's Department for International Devel- 
opment (DFID) Knowledge and Research (KAR) 
Programme, aims to establish the current operational 
environment of the public transport sector in each of 
the countries, the extent and the likely causes of ac- 
cidents. The study has been undertaken in a number 
of countries [Nepal, Zimbabwe, Thailand, Tanzania 
and in the Indian State of Maharashtra], which are 
assumed to be representative of the emerging na- 
tions. Data have been collected from official sources 
in the countries and interviews undertaken to obtain 
opinions as to the causes of bus accidents. In addi- 
tion, vehicle condition and driver behaviour was 
monitored. Conclusions and recommendations are 
discussed to reduce both the severity and number of 
public transport accidents in the future. 

2 NEPAL 

The first bus services in Nepal commenced in 
1957 and since then the fleet has grown substan- 
tially, especially since 1992. By 1996 there were a 
total of 7800 conventional buses and 2752 minibuses 
operating public transport services throughout the 
country @launder et al1998). 

About 95 per cent of buses are owned and oper- 
ated by the private sector, the remaining 5 percent 
being owned by the public or semi-public sector. 
Although vehicles are mainly operated on an indi- 
vidual basis, the "Dial system" predominates as As- 
sociations or Syndicates manage routes on behalf of 
owners. The "Dial system" ensures equal operational 
trip making for each operator in the Associa- 
tiodsyndicate, as vehicles have to wait in a queue 
prior to departure. It does however, constrain the 
number of trips made by each bus. Thus although the 
supply of permits is liberalised, the actual provision 
is constrained throughout the country. In addition, 
owners who do not belong to an Association 
/Syndicate frequently encounter operational difficul- 
ties at bus parks. 

During the period July 1995-June 1996,479 seri- 
ous bus accidents [14% of the total] resulted in 365 
fatalities and 1751 injured persons. The totals repre- 
sented 39 percent of all road fatalities during the 12 
month period and 60 percent of all road casualties 
(figures for the 18 month period of November 1996 
to April 1998 are similar in terms of the percentage 
of bus accidents and fatalities). Bus accidents there- 
fore represent a significant proportion of all road ac- 
cidents and injuries in Nepal. Figure 1 illustrates the 
predominance of injuries and accidents caused by 
bus only accidents. 

Figure 1 Bus accidents in Nepal (1995/6) 

Bus only accidents are defined as those in which 
the driver loses control and the bus either leaves the 
road or overturns. 

From comments made by the diverse groups in- 
terviewed, the likely causes of bus accidents can be 
categorised as follows: 
o Drivers and driving habits 
o Vehicle condition 
o Road condition 
o Other factors 

Data for the 18-month period [Nov 1996 - April 
19981 recently analysed suggests that driver error 
was the major factor in 74% of bus accidents, exter- 
nal factors in 18% and vehicle condition in 8%. Eve- 
ryone agreed that one single factor was unlikely to 
cause an accident and that a combination of causes 
was the likely explanation. The factors raised in re- 
spect of drivers and their driving habits were: 
o Ease of obtaining an Heavy Vehicle licence 

Lack of knowledge of the Highway Code and 
road 

8 Driver fatigue due to long working hours 
o Overloading of vehicles to maximise revenue 
o Night drivers consuming alcohol, drugs or 

speeding 

Surveys of vehicle condition noted that 65% of 
buses had one or more faults in terms of tyres, wheel 
fixings, and fronthear lights yet all had passed a Ve- 
hicle Fitness Test and were legally fit to operate. 

The poor condition of roads resulting from defi- 
ciencies in maintenance, alignment, traffic signs and 
safety features were all identified as possible acci- 
dent causes. Weak enforcement of traffic regulations 
and a lack of road sense by pedestrians in rural areas 
especially when herding animals on the road or gen- 
erally crossing the road were also mentioned as con- 
tributory factors. 
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3 INDIA 

Public transport in India is characterised by a 
wide range of vehicle type from non-motorised 
modes such as cycle rickshaws to surface rail and 
metro. Both public and private ownership exists; the 
scale is immense with 64 public sector road transport 
undertakings operating a fleet in excess of 110,000 
representing just 30% of the national bus fleet. 

Because of the size of India [1/4 million reported 
accidents leading to 60k fatalities and over 114 mil- 
lion casualties in 19951 it was decided that the study 
should be restricted to the State of Maharashtra. 
During the period 1961-1996 the registered motor 
fleet in the state grew by over 40 times whilst the 
road network increased by 3.5 times; thus the growth 
in vehicles far outpaced the quantum of road net- 
work and other infrastructure. As a consequence, 
over the two decades 1975/95 the number of road 
accident fatalities increased by 282% and injuries by 
220%. Data for 1995 shows that buses and HGV's 
were involved in 35% of accidents, taxis cars and 
jeeps in 32%, two wheelers in 22% and other vehi- 
cles in 1 1%. 

Data were obtained from the State-owned Ma- 
harashtra State Road Transport Corporation 
(MSRTC) which operates bus services throughout 
the State in competition with privately owned and 
Municipal bus companies. The MSRTC is the sec- 
ond largest operator in India with a fleet of 17,073 
buses, employing110,073 staff and carries 7.5 mil- 
lion passengers daily. During the operational year 
1996/7 MSRTC buses were involved in 4149 acci- 
dents and 688 fatalities ensued. Of these, the 
MSRTC management assess that their driver was at 
fault for almost 50% of accidents. Driver inexperi- 
ence appears to be a probable cause as 37% were 
aged between 24 and 32 and 46% had been driving 
for less than 4 years. 

The opinions of the various drivers, conductors 
traffic police, passengers interviewed throughout the 
State suggested that the same probable causes relate 
to the Indian situation as they do in Nepal and for 
the same reasons. 

4 ZIMBABWE 

Urban public transport services are provided by 
the Zimbabwe United Passenger Company 
(ZUPCO), now wholly owned by the government, 
which operates both conventional buses and mini- 
buses (Maunder et al 1993). There are also privately 
operated commuter omnibuses, introduced in 1993, 
consisting of various vehicle types and capacity 
(Maunder et al 1993,1995,1996) which have been 
allowed to proliferate with few controls. Long- 

distance bus services (inter-city and rural) are pro- 
vided by ZUPCO and the private sector. 

The police collect accident data in Zimbabwe and 
the Zimbabwe Traffic Safety Board analyses the 
data. In 1992 there were a total of 27,150 reported 
accidents leading to 1,066 fatalities and 13,458 in- 
jured persons and by 1996 the totals had increased to 
38,777, 1,205 and 18,070 respectively. Table 1 
shows that, most bus accidents [and consequently 
injuries] take place in urban areas but most fatalities 
result from long distance services. 

Table 1 Bus accidents in Zimbabwe [ 19961 

Fatalities 
Accidents 

Long dis- 
tancel 28% 74% 

Urban 72% 26% 

hjuries 

22% 

78% 

Police statistics of bus accidents in 1996 showed 
that 58% of bus accidents were classified as blame- 
worthy [i.e. human error] and led to 76% of bus fa- 
talities and 75% of injuries. The most frequently 
quoted factors in respect of driver behaviour in- 
cluded reckless driving, inattention and a lack of 
judgement, speeding, driver fatigue and the use of 
unqualified and inexperienced drivers. One long 
distance operator suggested that ''speed is used as a 
marketing tool" whereas in urban areas ''speed is 
used to maximise earnings". 

External factors include road conditions, stray 
animals, weak enforcement of regulations and ad- 
verse weather such as during the rainy season. Ob- 
servations of vehicles showed that vehicle condition 
is generally satisfactory and that genuine spare parts 
are utilised. 

5 TANZANIA 
The organisational structure of the bus industry in 

Tanzania can broadly be c&Cgorised into urban op- 
erations and long-distance [including rural services]. 

Urban operations presently comprise conven- 
tional buses and minibuses [Daladalas]. The fleet of 
the state run bus company, "Usafiri Dar es Salaam 
(UDA)", has dwindled and now comprises few con- 
ventional buses and minibuses. Privately owned 
Daladalas operate in almost all municipalities in the 
country and are generally capable of carrying 16 
passengers. The Daladala fleet has grown considera- 
bly since their legalisation in 1983. Methods of re- 
munerating the Daladala drivers encourage speeding, 
overtaking, poor parking and frequent vehicle stop- 
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pages to pick up or drop passengers on their way to 
anticipated destinations. 

Vehicles 
involved 

The routes operated on trunk roads [long dis- 
tance] are long with the longest within the country 
being approximately 1425 km. The services operated 
are: 

Fatalities Injuries 

Inter-regional, which are services between cit- 
ies/towns within the country on paved and gravel 
roads 
Urban-rural comprising a high proportion of 
services on gravel roads 
Cross-border services 

Private Cars 
Pick-ups 
PSV Buses 
PSV Daladala 
Private Hire 
HGVs 
Motor Cycles 
Pedal Cyclists 
TOTAL 

The operational environment for long distance 
services changed recently. Quantity and fare controls 
on routes have been liberalised and entry into the in- 
dustry is now very much dependent on the road- 
worthiness of the vehicle. The most common buses 
are 45 - 65 seat capacities. Driver turnover is high 
and due to an increasing passenger fleet buses com- 
pete for passengers by employing touts. It is alleged 
that, buses race against each other in order to pick up 
intermediate passengers along the route, on the other 
hand, the competition for passengers has resulted in 
some operators introducing semi-luxury and luxury 
coaches on selected routes to attract more passen- 
gers. 

50.7 24.5 28.0 
16.0 19.8 17.9 
0.3 16.1 17.5 
23.6 23.2 21.0 
0.2 0.3 1.3 
4.2 4.5 4.6 
2.4 6.8 5.4 
2.6 4.8 4.3 

100% 100% 100% 

The total number of reported accidents increased 
from 12595 in 1993 to 14335 in 1997 i.e. by 14%. 
The total number of fatalities increased each year 
from 1993 to 1996, but declined by approximately 
10% to 1625 in 1997 and 1583 in 1998 [injuries 
were 12490 and 1 1 3 8 1 respectively]. Measurable 
injuries have remained at a fairly constant level 
compared to reported accidents. It should be noted 
that national figures for 1998 have shown a decline; 
it is likely that this is due in part to the effects of the 
global recession as well as increased safety aware- 
ness and enforcement. 
Table 2 summarises accident statistics by vehicle 
type for 1997 and 1998. 

Table 2 Road accident statistics, Tanzania [ 1997181 

In total, conventional buses and Daladalas ac- 
counted for 24% of vehicles involved in accidents 
during 1997/98 but generated 39% of'fatalities and 
injuries. On average each long distance bus involved 
in a road accident resulted in 5 fatalities and 39 inju- 
ries while the approximate unit fatalities and injuries 
for other vehicle classes was insignificant. Within 
the public transport sector, long distance buses rep- 
resented 1.3% of vehicles involved in accidents yet 
generated 41% of fatalities and 45% of injuries 
whereas Daladalas represented nearly 98.7%, 59% 
and 55% respectively, indicating the lower severity 
of urban road accidents. 

As per police analysis the causes of all road acci- 
dents pus accidents reflect the same trends] can be 
divided into three main categories: 

Human factors = 76% 
Vehicle condition = 17% 
External factors = 7% 

Interviewees perceptions were that human errors 
are the principal contributory cause of road acci- 
dents. The causes of bus accidents as revealed by re- 
spondents are similar to the above but also includes 
an additional factor I' lack of enforcement" 

The human factor is perceived to be the principal 
cause of most bus accidents with factors similar to 
those found in Nepal. The contribution of human er- 
ror in causing accidents is not only confined to driv- 
ers as passengers and pedestrians also contribute to 
accidents. It is common for passengers to try to dis- 
embark from a bus while it is in motion or to distract 
the attention of the driver. Some fatal bus accidents 
may occur when drivers take irrational decisions and 
attempt to cross flooded rivers. Drivers are often en- 
couraged by passengers to cross flooded bridges and 
as a result make errors in judgement resulting in the 
bus being washed away. 

The travelling public blames deregulation of the 
public transport system for the increased number of 
accidents occurring on both urban and long distance 
services. Inevitably this hasled to an increase in the 
number of buses servicing the network although de- 
mand has not similarly increased. 

In 1995, according to statistics from police rec- 
ords, approximately 20% of bus accidents were 
caused by bus defects. By 1997 this had declined to 
approximately 17%, due, in part, to ongoing eco- 
nomic reforms that have led to a growth in vehicle 
sales and hence a younger bus fleet being operated. 

6 THAILAND 

The conventional public transport sector in Thai- 
land comprises fixed and non-fixed routes [nation- 
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wide mainly for tourists] with the fixed routes oper- 
ated by the entire fleet as follows: 
e Urban: the bulk of which are operated in Bang- 

kok and a handful of provinces [27%] 
e Inter-city: [23%] 

Rural services operated within provincial 
boundaries [SO%] 

The total conventional bus fleet in 1998 com- 
prised 93061 vehicles [0.5% of the total motor vehi- 
cle fleet] of which 94.5% were privately owned and 
operated and 5.5% publicly owned. The industry is 
strictly regulated by the Department of Land Trans- 
port in terms of standard of bus, route operated, 
timetable, fares etc. 

Accidents peaked in 1994 at 102610 and fatalities 
and injuries in 1995[16727 and 50718 respectively] 
since when reductions have ensued. During 1996/7, 
70% of all accidents occurred in the Bangkok region 
and buses and trucks were involved in 10% of all ac- 
cidents. 

The number of bus accidents has declined since 
1993 when there were 6895 buses involved in 
crashes to 3717 in 1998 but still represents 5% of all 
accidents and generates an estimated 1500 fatalities 
and 5400 injuries. 

According to Police records, 74% of all accidents 
on the inter-city and inter-district highways in 1997 
were due to driver behaviour, with the remaining 
causes due to external and vehicle defects. During 
1998 the national newspapers reported a total of 32 
major bus accidents resulting in 65 fatalities and 692 
injuries of which 50% constituted single vehicle ac- 
cidents. 

In 1998 the state owned Transport Company fleet 
was involved in 377 accidents of which 20% were 
single vehicle crashes and 80% multi vehicle. The 
management considered that their own vehicle was 
the cause of 58% of these accidents and other vehi- 
cles in 42%. Of the former the driver was considered 
at fault in 79% of the accidents, external factors in 
18% and the vehicle in 3%. 

As the above shows, driver error was the over- 
riding factor involving Transport Company vehicles 
and thls is likely to be the same throughout the in- 
dustry. Interviews with operators and drivers con- 
firmed this view. Vehicle condition was not cited 
and surveys of vehicles generally showed that veh- 
cles were in a reasonable condition. 

7 DISCUSSION 

In all five countries, were studies have been un- 
dertaken by TRL, road accidents are increasing over 
time and overwhelmingly driver behaviour is the 
major factor. Public transport vehicles appear to be 
involved in a higher proportion of accidents than 
their numbers warrant. However, this is principally 
because buses cover a high annual mileage through 
their duty cycles. Considering the number of passen- 
gers transported a safety culture should be active and 
evident, however, it does not seem to be the case at 
the present time. 

Public transport in Nepal and Thailand has not 
undergone the same stresses of privatisation as else- 
where in the world but the existing situation does in- 
dicate some of its consequences. In India, Zimbabwe 
and Tanzania, public transport services are increas- 
ingly being owned and operated by the private sector 
as liberalisation is encouraged. This has inevitably 
lead to a philosophy, by the private sector, of profit 
maximisation by minimising costs rather than in- 
creasing efficiency. In Thailand, although 95% are 
privately owned there is strong regulation. Driver 
behaviour appears to suffer under the auspices of 
liberalisation and low enforcement. 

Figure 2 compares fatality and injury rates across 
the five countries. The need for high standards of 
driver behaviour and vehicles in Nepal, where nearly 
all the public transport sector is privatised, is empha- 
sised by the significantly higher severity of accidents 
with a fatality rate twice as high and an injury rate 
over three times as high as Tanzania. Some of this 
difference may be due to the difficult terrain over 
which buses are operated Interestingly, Tanzania and 
Thailand appear to have similar fatality and accident 
rates although the operating environment differs 
greatly. 

Subjectively, there does appear to be a link be- 
tween the degree of privatisation and the amount of 
regulation or enforcement that is present. Figure 3 

Figure 2 Comparison of fatality and injury rates. 
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Figure 3 Comparison of privatisation status and enforce- 
ment levels 

attempts to illustrate this by plotting estimates of 
privatisation and enforcement for the five countries. 
It is recognised by the authors that these estimates 
are not quantifiable. 

8 SUMMARY AND RECOMMENDATIONS 

Clearly the overriding factor to be addressed is 
how to improve bus driver behaviour. Suggestions to 
improve bus driver behaviour are listed below. It is 
clear however that drivers need to be better educated 
and trained when initially learning to drive but in 
particular: 

They should be taught technical skills but also 
social and psychological skills to be a safe, re- 
sponsible professional driver. 
Bus drivers, like all HGV drivers, should partici- 
pate in refresher driver training courses so that 
bad habits can be eliminated rapidly. 
Owners should provide financial incentives for 
drivers who have been 'accident free' during the 
previous 12-month period. 
Medical and health checks need to be provided 
regularly for all but especially ageing drivers. 
Drivers should be encouraged to work within 
existing legal maximum hours. 

These may increase costs but are likely to be less 
expensive in the longer term than the cost of human 
tragedy, vehicle replacement and other third party 
costs. 

As well as improving the behaviour of the bus 
driver, road safety campaigns need to be funded and 
exouraged so that all road users are better educated 
as to how to behave when crossing and using the 
road and when herding animals on the rural road 
network. 

Owners and operators need to be encouraged to 
maintain their vehicles to a much higher standard 
than at present. Preventative maintenance can im- 
prove performance and productivity and extend the 
operational life of the vehicle. A safe, smart vehicle 
is also more likely to attract passengers than an un- 

safe and poorly maintained vehicle and also passen- 
gers might be encouraged to afford a slightly higher 
fare for such a vehiclelservice. Owners/operators 
also need to understand that regular vehicle mainte- 
nance is a cost effective business practice which can 
minimise vehicle downtime and costly, time con- 
suming breakdowns whilst in service. 

Improvements in bus safety cannot be achieved 
by one individual or discipline, they are a collective 
responsibility and a collective spirit is required of all 
those involved including: 

Bus owners, drivers, conductors and mechanics 
Operator associations/unions 
Police and government departments 

e Road Safety Associations/ 
€3 Driver training schools 
e Manufacturers and repairers of vehicles, spare 

parts and tyres 
ALL road users 

Hence, whenever liberalisation is being consid- 
ered in respect of the provision of public transport 
services, enforcement of existing (and new) legisla- 
tion in terms of vehicle condition, numbers allowed 
to operate etc needs to be strictly enforced. Opera- 
tional regulations and procedures must also be im- 
plemented rigorously to ensure that safe and effec- 
tive service provision prevails for the benefit of 
passengers. 
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Reduction of the roundabout capacity due to pedestrians or cyclists 
Influence des piktons et/ou des cyclistes sur la secuntk et la capacitk des giratoires 
Disminucion de capacidad y seguridad del rondo por 10s peatones y bicicletistas 

T.Tollazzi 
Faculty of Civil Engineering, Road and Trufjc Centre, University of Muribor, Sloveniu 

ABSTRACT: Single-lane roundabouts may face the problems of getting clouded and empty in their circula- 
tory roadway and also of traffic safety due to a stream of pedestrians and/or cyclists. The paper presents the 
possible methodology of calculating the reduction of the roundabout capacit>. due to tlie pedestrians and/or 
cyclist stream. used in  Slovenian roundabouts. The methodology of calculating tlie reduction of tlie round- 
about capacity niay be used in urban areas, where the strength of the cyclist or pedestrian streams is high. 

RESUME: Des problemes de capacite et de securite des giratoires a voie unique dam l'anneau de circulation 
peuvent intervenir lorsqu'une des branches du giratoire est coupee par la circulation intense des pietons et/ou 
des cyclistes. Le present rapport presente une methode de resolution de ce probleme. pratiquee dam les gira- 
toires slovenes. et servant de mesure de limitation de la circulation en milieu urbain. 

RESUMEN: En 10s rondoes con un solo canal con gran corriente de circulacion. pueden presentarse prob- 
lemas con la capacidad y el seguro de trafico en caso, cuando haya una gran cantidad de peatones y/o bici- 
cletistas corta Lino de 10s lados del rondo. En este contribucion esta presentada la nianera de salvar 10s prob- 
lenias en 10s roiidoes Slovenos. que son la mayoria conocidos corn0 prelrencion para calinar el trafico en la 
parte urbaiia con gran nuniero de peatones y bicicletistas. 

1 INTRODIJCTION 

In Slovenia lately. the increasing interest for round- 
abouts is obvious, from both designer's and inves- 
tor's points of view. Ten years ago we had not any 
experiences. only few examples of roundabouts aiid 
almost no guidelines for designing them. 

From the very beginning we have been paying a 
lot of intention to comparing the foreign methods of 
designing and structuring the roundabouts, as well as 
assuring tlie requested relations between capacity 
and safety (usage area. diameter of the central is- 
land, capacity. consideration of tlie cyclists and pe- 
destrians influence on the capacity, etc.). 

Most of Slovenian roundabouts are located in 
build-up areas wliere tlie strength of the cyclist 
or/and pedestrian streams is not negligible. That was 
a main reason for researches about the influence of 
strong pedestrian and bicycle flow on the capacity 
and safety of roundabouts. 

2 PROBLEM DESCRIPTION 

Single-lane roundabouts may face the problems of 
getting crowded and empty in their circulatory 
roadway due to a strong stream of pedestrians and/or 
cyclists. 

Vehicles at tlie roundabout entries or evits have to 
provide tlie right of 11 a!' o\ er pedestrians and/or cy- 
clists. Therefore. it conies to disturbances. 

If the stream of L ehicles is directed to tlie entry, it 
will be uncertain to reach tlie minimum capaciti.. 

If the stream of vehicles is directed to the exit. the 
maximum capacitj. is exceeded (Fig. 1 )  

When the length of vehicle platoon at tlie exit is 
so long that it  reaches tlie precedent entry. tlie 
roundabouts suffer from getting fully overcrowded. 

Horn far does tlie strength of tlie pedes- 
triardcyclist stream influence tlie roundabout safety 
and capacity or I-Ioi? far do tlie crossing streams of 
pedestrians aiid cyclists disturb the stream of vehi- 
cles? 
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Figure 1 .  Disturbed streams in roundabouts 

3 THE REDUCTION OF THE ROUNDABOUT 
SAFETY 

Generally, in Slovenia, we used recommendations of 
Technical Memorandum H.7/7 1. which introduced 
smaller roundabouts with flared approaches 
(Brown,1995). 

Tlie crossing should be sited as far back from the 
junction as pedestrian convenience will alow. 
Crossing provision was preferably to be included in 
the deflection island. either, as an unmarked crossing 
place with lowered kerbs. or incorporated into a 
marked pedestrian crossing. Crossings located be- 
fore the give-way line should allow two to three pas- 
senger cars to queue in each lane, between tlie give- 
way markings and the pedestrian crossing. 

But, becouse we had not experiences at the start, 
we did not use tlie recommendations for pedestrians 
from current design guidance of Great Britain 
(crossings away from tlie flared entries, unmarked 
crossing places and other forms of controlled cross- 
ings with or without a central refuges). In Great 
Britain the type of facility selected depended upon 
the expected volumes and movements of both pe- 
destrians and traffic, and should be designed in ac- 
cordance with tlie current recommendations and re- 
quirements (Brown, 1995). But we started with rule: 
zebra crossing in flared entrance is necessity. 

And the similar situation was with cyclists. 
Roundabouts have an impressive overal safety rec- 
ord for most vehicle types, but this does not apply 
equally to two wheeled vehicles. Research in Great 
Britain lias slioun that on four-arm roundabouts on 
Class A roads. injury accidents involving two- 
wheeled vehicles constitute about half of all those 
reported. The proportion of accidents involving 
pedal cyclists is about 1 5%. although they typically 
constitute less that 2% of the traffic flow. DOT, 
guidelines on tlie geometric design of roundabouts 

observes, that roundabouts are a particular hazard 
for pedal cyclists. Tlie operational perfoniance and 
safety factors have been monitored at a number of 
experimental schemes aimed at improving cyclists 
safety at roundabouts in  Great Britain. Evaluation 
has concluded that once a cyclist lias entered a 
roundabout it is difficult to reduce the risk, and that 
the use of shared facilities have limited use, de- 
pending on the volume of pedestrians and cyclists. 

That was the reason wlq. we prefered the facili- 
ties which take cj.clists out of the circulatory car- 
riageway at roundabouts. starded with rule: shared 
use by pedestrians and cqclists of a peripheral cy- 
cle/footway . 

4 THE REDUCTION OF THE ROUNDABOUT 
CAPACITY 

Becouse a crossing giving pedestrians and cyclists 
priority and it is located close to the entry/exit point 
of a roundabout, there will be inevitable conse- 
quences for the operation of the roundabout. 

Marlow and Maycock quantified tlie reduction of 
junction capacity from tlie siting of uncontrolled 
marked crossings (zebra) close to junction, including 
the effect of "blocl<ing-back" by queues on exit. The 
theoretical approach is based on random arrivals at 
"two servers in series". Tlie application is limited to 
ratios of real crossing capacity to entry capacity 
greater than 1. If the ratio is less then 1.  tlie real 
crossing capacity will dominate and segregation of 
pedestrians would be needed. 

The reduction i n  capacity due to the blocking ef- 
fect was found to be similar (or greater) than tlie ap- 
proach crossing effect (Brown, 1995). 

In 1987 Marlow looked into tlie question of traf- 
fic signal pedestrian crossings (pelicans) at or near 
to entries to mini roundabouts, and the effect on the 
traffic operation of tlie roundabouts. including re- 
sulting queues "blocking-back" into tlie junction. 
Tlie recommendation in  Great Britain suggested that 
Pelican crossing should be sited at least 20 in from 
the junction, to avoid this interaction (Brown, 1995). 

Becouse zebra crossing i n  flared entrance is ne- 
cessity in Slovenia and crossings are located before 
the give-way line approximately 10 in (to allow two 
passenger cars to queue between the give-way 
markings and the pedestrian crossing) in some sin- 
gle-lane roundabouts with a strong stream of pedes- 
trians and/or cyclists we have a problems of getting 
crowded and empty 111 their circulatory roadway 
(blocking-back effect). 
The possible methodology of calculating tlie reduc- 
tion of tlie roundabout capacity d x  to the strong pe- 
destrian and/or cyclist stream used in Sloveiiian 
roundabouts is presented belou . 
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4.1 Emptying the roundabout 

The stream of vehicles is directed to the roundabout 
exit and it is crossed by a strong pedestriadcyclists 
stream (Fig. 2). In this case vehicles are hindered 
once. 

When a strong pedestriadcyclist stream crosses 
one of the roundabout arm, disturbances in vehicular 
flow at the first adjacent entry occur (opposite the 
traffic movement in the roundabout). It leads to ve- 
hicle delays. 

The flow disturbances are carried over to the next 
entry and entering or leaving the carriageway is pos- 
sible only on remaining two quadrants. Accuniula- 
tion of vehicles on one of the two remaining quad- 
rants results in delays on all entries. Thus, the whole 
roundabout is totally blockaded. 
The blockade of a roundabout, which may occur or 
not, depends on the strength of the traffic flow and 
on the way (distribution) how pedestrians or cyclists 
enter the roundabout. 

4.2 Filliiig up the rounddmut 

The similar situation occurs when vehicles enter a 
roundabout. However in  this case vehicles are hin- 
dered twice (Fig. 3). Vehicles enter the roundabout 
entrance which is intersected by a flow of pedestri- 
ans/cyclists. 

Gaps between two successive pedestrians/cyclists 
are so long that vehicles at the entry use them and 
drive into the roundabout undisturbed. If there is no 
circulation carriageuay in the roundabout or the 
gaps between \ eliicles in  the circulation carriageway 
are big enough. vehicles drive into the carriageway 
undisturbed. 

By increasing the flow of pedestrians/cyclists, 
gaps between traffic flow units decrease. There are 

situations when particular gaps are shorter than it is 
acceptable. In this case the vehicle is queued before 
pedestrian crossing. If the flow of pedestri- 
ans/cyclists is strong. a platoon of vehicles appear at 
the entry of the roundabout. A platoon also takes 
place at the entry if there is a strong circulation car- 
riageway. In this case one or two vehiclec delays 
between inscribed kerb of the circulation carriage- 
way and the kerb of the pedestrian crossing, while 
other vehicles queue up at the entry of the intersec- 
tion. 

A delay at the roundabout entry occurs also in the 
case of the vehicles delay 011 a circulation segment 
which results from disturbed flows at the next 
roundabout exit. 

4.3 Emptying und filliiig the i*ounduhout at the 
sanie time 

In practice there is usually the combination of both 
examples at the same time. that means the round- 
about gets filled or emptied at the same time. 

It is also usual that the intensive flow of pedestri- 
ans/cyclists intersects only one of the roundabout 
arm. However. there are occasions when a stream of 
pedestrians/cyclists intersects all the legs. the conse- 
quence of which is that the blockade occurs earlier. 

The paper presents the analysis of the situation 
where a strong pedestriaidcyclist stream intersects 
only one of the roundabout arm. 

Vehicles are leaving the roundabout (Fig. 4). 
They must give priority to the stream of pedestri- 
ans/cyclists. If the gaps between the units of pedes- 
trians/cyclists are big enough, drivers at the exit use 
them for the exit operation. If the crossing stream of 
pedestrians/cyclists is stronger, there are some de- 

Figure 2. Disturbances in vehicular flow at the first adjacent 
entry occur (opposite the traffic movement in the roundabout). Figure 3. Filling up the roundabout 
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lays in the holding line. If the following vehicle is 
directed towards one of the next exits, there will be 
no delays in the circulating carriageway as the vehi- 
cle continues to move. If the following vehicle is di- 
rected towards the same exit (the exit where a vehi- 
cle already waits) there is an accumulation of 
vehicles in the circulating carriageway. If vehicles 
are entering more intensively, a platoon occurs. If 
the platoon of waiting vehicles stretches to the pre- 
ceding entry, there are problems of filling the round- 
about with vehicles at the preceding entry. 

In a single-lane roundabout with a storage place 
(between the give-way marking and the pedestrian 
crossing) for one waiting vehicle three situations oc- 
cur: 
o gaps between particular units of crossing stream 

satisfy the moving of the vehicles and there are 
no vehicles in the storage place; 
gaps between particular units of crossing stream 
still satisfy the moving of the vehicles although 
there are some delays with one vehicle; 

J gaps between particular units of crossing stream 
are too small, tlie storage place is occupied all 
the time and every entering vehicle queues in the 
circulating carriegeway. 

3 

5 REDUCED ROUNDABOUT CAPACITY DUE 
TO DISTURBED STREAMS 

The problem of disturbed streams in roundabouts 
can be solved by using the theory of mass service, as 
a single channel open system: 

The entering/leaving units (vehicles) into the 
system (roundabouts) are coincidental. The system is 
single-channeled, as in  a certain moment only one 
unit (vehicle) inay be serviced (crossing). The sys- 

Figure 4. Einpt) ing and filling the roundabout at the same time 

Figure 5. Roundabout entry = single-channaled open system of 
mass service 

tem is open as the units (vehicles) enter the system 
(the roundabout) from the surroundings (Fig. 5) .  

The entering/leaving of the vehicles follows tlie 
Poisson's law of distribution. as tlie following is ac- 
complished: 
o the probability of entering/leaving of a Lrehicle 

p,(t) depends on tlie length of gaps and the num- 
ber of enteringlleaving vehicles, and not from 
the beginning of its measuring; 

o the probability of entering/leaving of a vehicle 
pll(t) does not depend on the number of entering 
vehicles before gap measuring - flow without 
consequences; 

U in a sufficiently long gap two or more vehicles 
cannot enter. 

Stream disturbing may be defined with the factor 
of operation: 

il 
p = -  

P 
where h = intensity of entering vehicles at the en- 
try/exit; and p = operating intensity at the round- 
about entry/exit. 

The value of tlie operating factor can be p < 1 
(the stream of the vehicles is undisturbed) or p 2 1 
(the stream of the 1 ehicles is disturbed). 

We define the criterion for the blockade of the 
roundabout exit with single-lane circulating car- 
riageway: 

The roundabout exit is blockaded in  the case 
when a vehicle reaches tlie exit, but the vehicle 
reaching it before has not left the holding line yet. 

In this case we deal with a single-channeled sys- 
tem of mass operation with a limited holding line. 

If the possible number of vehicles in the holding 
line is marked with m and considering that in the 
system there may be from 0 to m + 1 vehicle, then a 
roundabout with a single-lane circulating carriage- 
way applies as 0 5 m 5 2. 

The probability of a particular system state is cal- 
culated with: 

PI1 = PI1 * PO 
while po depends on the value of the operation fac- 
tor. 
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1- P 
1- P’rr+2 

p I l ; p o =  (4) 

It must be stressed here that the counting of traf- 
fic should be done in the rush hour in a short gap. At 
the same time we must calculate the time a vehicle 
needs to enter the circulating carriageway. This re- 
sult must be compared with other measures of an ac- 
ceptable gap for to turn right in the crossing. 

o the probability of blockade (if n1=2): 
The following steps are: 

p block = p2 ( 5 )  

Pscrvice = r = 1 - Phloch (6) 

o the probability of constant service: 

o absolute capacity of system (the entering/leaving 
units into the system are coincidental): 

( 7 )  
nominal capacity of system (vehicles are leaving 
in constant sequences): 

R = h ” r  

a 

R NOM = i-1 (8) 

6 CONCLUSION 

I n  calculating the real capacity of a roundabout with 
a single-lane entry. a single-lane circulating car- 
riageway and with a strong cross stream of pedestri- 
ans and cyclists it  is necessary to take into consid- 
eration the decrease of the roundabout capacity due 
to disturbed flows at the roundabout entries and ex- 
its. 

Disturbed flows appear when the pedes- 
triadcyclist stream is strong and the gaps are too 
small to enable the vehicles to pass. Vehicles at the 
roundabout entries and exits have to give way to pe- 
destriansicyclists. Therefore there are disturbancies 
in flows and delays. 

The problem of disturbed streams in  roundabouts 
can be solved bjr using the theory of mass service, as 
a single channel open system: 

The methodologj. of calculating the reduction of 
the roundabout capacity with the disturbed streams 
may be used for the roundabouts in urban areas. 
where the strength of the cyclist or pedestrian 
streams is not negligible. 
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Intelligent transport systems (ITS) and parking management: The case of Brazil 
Les syst6mes intelligentes de transport et la gestion des parkings: le cas du Brksil 
Los sistemas inteligentes de transporte y la administracion de estacionamientos: 
El caso de Brasil 

M. M. B.Vianna, L. S. Portugal & R. Balassiano 
Transport Engineering Group, Federal University of Rio de Janeiro, PET1 COPPEI UFRJ, Brazil 

ABSTRACT: The unbalance between supply and demand of parking spaces in urban areas can be seen in many 
cities. The main objective of this paper is to discuss the importance of adopting policies at “integrated parking 
management”. Another objective is to discuss the potential of utilising Intelligent Transport Systems (ITS) in 
this process. The Brazilian city of Niteroi will be considered as a case study in the paper. 

RESUM&. Le desequilibre entre l’offre et la demande pour les places de parking est une realite dans la plupart 
des grandes villes. L’objectif principal de cet article est le debat de l’importance d’adopter politiques de gestion 
integre de parkings. Un deuxieme objectif est le debat du potentiel d’utilisation des systemes inteligents de 
transport dans le processus. L’etude de cas porte sur la ville de Niteroi au Bresil. 

RESUMEN: El desequilibrio entre la oferta y la demanda por espacios de estacionamiento en areas urbanas 
puede ser caracterizado en varias ciudades. El objetivo principal de este articulo es discutir la importancia de 
adoptar politicas dentro del concept0 de administracion integrada de estacionamientos. Otro objetivo es discu- 
tir el potencial de utilizar “Sistemas Inteligentes de Transporte” en este proceso. El estudio de caso que sera 
considerado en este trabajo es la ciudad de Niteroi, Brasil. 

1 INTRODUCTION 

Problems resulting from an imbalance between sup- 
ply and demand of parking spaces have become in- 
creasingly more frequent in several towns, specially 
in denser areas which are poorly served by public 
transport and where planning and use of existing 
parking spaces is inadequate (Valleley, 1998). Con- 
sequently, traffic jams become more frequent and 
travel times become longer, resulting in less accessi- 
bility, and poorer quality of life and environment for 
the population. Different authors have highlighted 
the repercussion and losses, both economic and so- 
cial, generated by these factors (Verhoef et al., 1995; 
Coombe et al., 1997; Miles et al., 1998), re-stating 
the importance of developing parking control and 
management policies in tune with transport planning 
and social and economic development. 

In this context, this paper intends to highlight the 
importance of adopting “integrated parking manage- 
ment” policies that provide not only a more sensible 
use of available parking, but also a greater harmony 
between performance of road and transportation 
systems, and urban land use. It also aims at uncov- 
ering the potential of the use of Telematics in such 

process, taking as reference the Brazil case repre- 
sented by the city of Niteroi. 

2 PARKING MANAGEMENT 

The present scenario in most urban centres is very 
complex, with saturated road systems and shortage 
of parking spaces. According to McDonald and Ly- 
ons (1 996), and Vasconcellos (1997) this situation 
has deteriorated, specially in the second half of the 
20h century, due to an overwhelming increase in the 
number of private vehicles. In fact, the last two dec- 
ades have witnessed a dramatic increase in the world 
fleet. Records show that the number of vehicles in 
1990 was twice the fleet that existed in 1970. Pres- 
ent expectations are for this fast growth to continue, 
and forecasts estimate the duplication of the present 
fleet by 2015 (Chick, 1996). Such growth may be 
even greater in developing countries that have 
adopted a road-based transportation model. In Bra- 
zil, for example, the private car fleet has not only 
doubled but multiplied by eight, fiom 2.6 million (in 
1970) to about 18.3 million vehicles (in 1990). DE- 
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NATRAN (the National Transport Department) 
projections indicate this number may already have 
doubled by 2005. 

According to studies carried out by Axhausen et 
al. (1 994), the time to find a parking space may be as 
much as 40% of the total amount of travel time in 
certain driver groups, while unsuccessfbl search for 
parking spaces may represent over 30% of the traffic 
generated in midtown streets (Allen, 1993). There- 
fore, car parking management plays a major role in 
transport planning, as it directly impacts the transport 
system of any given area. These factors have 
boasted the development and implementation of inte- 
grated parking management policies for promoting 
accessibility, reducing traffic jams, accidents, and 
user fmstration, in addition to allowing the harmoni- 
ous development of cities. 

The importance of parking control as a key ele- 
ment to demand and traffic management and the need 
for an integrated concept has been stated and advo- 
cated for some time now (Jackson, 1973; Verhoef et 
al., 1995; Miles et al., 1998). In order to realise this, 
it is necessary to ensure that users, traffic controlling 
agents and other players in the planning process - 
such as public transport operators and those respon- 
sible for parking lots - interact by sharing the in- 
formation required to schedule trips and control ve- 
hicle circulation. 

Some services are considered essential to the defi- 
nition of a first outline of “integrated management’. 
However, to make it viable, the support of Telemat- 
ics and its application in transport systems is of 
paramount importance in developing a concept that 
may be defined as “intelligent parking” (Vianna et 
al.,1999). 

3 THE POTENTlAL OF TELEMATICS 

In the field of transportation, the use of Telematics is 
associated with the development of what has been 
known as “Intelligent Transport Systems” (ITS), 
with multiple and diverse applications. The re- 
sources of Telematics have been used in several 
hnctional areas, including parking management (Ni- 
jkamp et al., 1995). 

Systems for parking management, also known as 
Parking Giidarice and Ir formation Systems (PGI), 
or Advariced Parkirig Ir?firmation Systems (APIS) 
have been used for the last two decades, having been 
implemented for the first time in Aachen, Germany. 
In the years that followed, the utilisation of such 
systems increased as they became popular for their 
ability to minimise jam problems resulting from the 
search for parking. Recent studies report over 50 
such systems in operation around the world. (Polak 
et al., 1990; Axhausen et al., 1994). 

Management systems have proved to be usefbl in 

the search and selection of available parking spaces, 
which confirms their operational feasibility. It is now 
possible to guide users by providing them with up- 
dated information (real time) on parking spaces lo- 
calisation, directions and availability. Access control 
points on the various units interconnected to the 
system collect data, reporting the rate of occupation 
of the several interconnected parking areas to a Cen- 
tral Control where data is processed and handled to 
be transmitted to the user via cable-connected Vari- 
able Message Panels (VMS). 

There are two main approaches for information 
broadcasting strategies: descriptive and prescriptive. 
In the prescriptive approach, the intent is to provide 
a user with all the parking information necessary for 
hidher to decide where to park. Alternatively, the 
prescriptive approach restricts the amount of infor- 
mation, narrowing down drivers choices in order to 
make the user adhere to the intents of the system 
providers. In other words, the objective is to restrict 
drivers choice and to transfer decision making to the 
Control System (Polak et al., 1990). 

As a whole, such systems can bring great benefits, 
as Gercans (1984) and Allen (1993) point out: 
Q 

. ,  
for drivers, as it helps a‘user’to search for and 
choose the most adequate parking space, with 
savings on fbel and operating costs, as well as re- 
ducing travel time; 
for the environment, as it reduces pollutant emis- 
sion and improves urban areas; 
for traffic, as it reduces delays that result from 
unsuccesskl search for parking, in addition to in- 
creasing road capacity by reducing car queues 
awaiting for parking, thus freeing roads and in- 
tersections; 
for parking operators, as it enables a more ade- 
quate distribution of demand between the several 
integrated units, which ensures optimum occupa- 
tion; 
for managers, as it allows a better monitoring of 
information, simplifjling decision making on the 
application of restrictive planning or making op- 
eration control much easier. 

It is important to highlight that in addition to these 
benefits, such systems can contribute to increasing 
the number of public transportation users by means 
of development and implementation of integration 
strategies such as Park-and-Ride, which can reduce 
the number of vehicles in already saturated midtown 
areas. 

Over the last couple of years a new dimension has 
been opened by researchers in the field of parking 
management thanks to advances in Telematics, with 
the introduction of several new uses (Polak et al., 
1990; Stathopoulos et al., 1994; Roltze et al., 1994). 
Issues that had never before been explored are now 
included in the listing of the system applications: 

ability to provide custom vehicle guidance, that 
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is, guidance that is directed to a single user 
through the use of displays inside the vehicles; 
ability for advance travel planning by providing 
relevant information on traffic and facilities, 
(mode integration and parking conditions); 
developing a service scheduling or booking proc- 
ess, by which services can be requested in ad- 
vance, before or during the ride, via linked con- 
nections with the roads; 
automated check-in and payment through devel- 
opments in the field of vehicle identification, as 
well as access control; 
integration with other transportation systems and 
development of proposals such as Park-and- 
Ride. 
In Brazil, the use of ITS has been spreading 

through studies that aim at creating a national pro- 
gram to apply Telematics to transport - Programa 
Nacional de Aplicaqgo da Telematica nos Trans- 
portes (PNATT) - proposing a communication model 
and designing a plan to be applied nation-wide (Bor- 
ras, 1999). Although the potential demand for such 
equipment is high, development and production are 
still limited due to the economic hardships with 
which the country is faced. The use of integrated 
systems in parking management is not yet wide- 
spread, being restricted to a few business compounds 
where they are used for enhancing operation effi- 
ciency in individual parking areas; this has hampered 
the development of an integrated management plan. 

Some development has been noted in the aca- 
demic world, where there has been an increase of in- 
terest for the theme. It is worth mentioning the 
work) developed by Sa (1999) on parking manage- 
ment with her contribution to certain aspects of con- 
ceptualisation and identification of basic services and 
equipment. However, the work focuses basically on 
analysing individual parking areas, lacking depth in 
the review of integrated management or implementa- 
tion methodology (Vianna et al., 1999). 

4 PARKING IN BRAZIL: THE NITEROI 
CASE 

The fast expansion of the Brazilian vehicle fleet may 
be explained by some major aspects, including: eco- 
nomic stabilization; radical changes in the current so- 
cial structure (exalting the use of single-user vehi- 
cles); lack of land use planning; adoption of a road- 
based transportation model, and lack of investment in 
high-capacity transportation systems. Besides the 
fleet expansion, concentration of job opportunities in 
central areas, parking space shortage and inefficient 
enforcement of parking spaces have contributed to 
increasing problems caused by traffic jams in large 
and middle-sized towns in Brazil. As a consequence 
of the increase in the use of private vehicles and the 

increased demand for parking spaces, traffic condi- 
tions were aggravated making limitations of road ca- 
pacity, inefficiency in appropriating existing spaces 
and environmental degradation even more evident. 

The city of Rio de Janeiro is a typical example of 
this situation: the city is the scene of high road satu- 
ration, which is aggravated by shortage of parking 
spaces and inappropriate use of the existing ones. 
According to data collected by DETRAN (the local 
Transport Department) in 1997, 33% of all those 
who drive their cars in Rio have no place to park. 
Because of that, the number of parking-tickets issued 
has also risen, representing 39.27% of all traffic pen- 
alties in the municipality. Currently, mid-size towns 
such as Niteroi have started to experience the same 
problem, which is a growing concern for transport 
planners. 

The city of Niteroi is sited within the metropolitan 
area of Rio de Janeiro, in the Southeast of Brazil. 
With a population of 453,285 inhabitants (CIDE, 
1998) its economy is based on services and com- 
merce. A large portion of the population works in 
the neighboring city, Rio de Janeiro, which concen- 
trates greater job opportunities. Similarly to Rio de 
Janeiro, Niteroi has been facing problems with traffic 
jams in later years. DETRAN data shows an increase 
in the amount of registered vehicles in the city fi-om 
150 thousand in 1997 to around 170 thousand, 
causing the major roads to be saturated at certain 
hours of the day. 

Traffic problems led the Transport Authority to 
develop an integrated traffic and transportation plan 
- "Plano Integrado de TrBnsito e Transporte" 
(PITT). Among the several actions the Plan pro- 
posed, some aimed at organizing parking, including: 
1) the proposal to build three underground garages in 
partnership with private enterprises in order to sup- 
ply the existing need for parking spaces; 2) a new 
proposal to rule roadside parking - this measure re- 
stricted supply and eliminated free parking in many 
areas, besides increasing in more than 200% the 
parking fees charged in other sectors; and 3) im- 
proved control to inhibit illegal parking, towing away 
inappropriately parked vehicles that block the normal 
flow of pedestrians and traffic. 

However, these proposals have being object of 
much criticism. The system implemented as an at- 
tempt to rule the use of roadside parking in Niteroi is 
very primitive, making use of parking slips that are 
checked by authorized keepers. The objective of 
charging for roadside parking is to gather funds for 
subsidizing the construction of the proposed under- 
ground garages which would have a total capacity 
for 2,300 vehicles. In addition, the idea behind this 
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service was also to inhibit the use of the automobile 
in the most critical areas of the city, as well as inhib- 
iting the activities of non-authorized keepers. How- 
ever, such measures have provoked a negative re- 
sponse from the population who do not agree to be 
charged for parking along the roads. Users do not 
see any great benefits in the proposal and the cost of 
parking (approximately US$ 1,00 for a two-hour pe- 
nod) is too expensive for most users. It is also said 
that the intervention the Plan proposes does not 
contemplate the principles of land use that would en- 
sure an improved appropriation of urban spaces by 
stimulating the use of mass transportation and opti- 
mizing the use existing parking spaces. 

Considering the potentialities of an integrated 
system for parking management, the conclusion is for 
the relevance of its development, which supported by 
Telematics could effectively contribute to mitigate 
problems resulting from a shortage of parking spaces 
in the city. Such approach would allow the stream- 
lined use of parking lots (not contemplated in the 
original project) as well as roadside parking, not 
linlung the fee to the obligation to fund new parking 
lots. Also, it would be possible to promote the inte- 
gration of parking with public transportation, so as to 
attract the private vehicle user and inhibit private car 
traffic in the most congested areas, 

5 PROPOSALS FOR DEVELOPING THE 
SYSTEM 

Parking must be understood as a system which pro- 
vides the basis for exploiting the intrinsic relation- 
ships between the diverse elements at play in the 
parking process, thus serving as a link between 
means of transport and land use. From that we can 
establish the relevance of adopting more sophisti- 
cated controlling, monitoring, management, sched- 
uling and trip planing based on posting real-time in- 
formation. 

Analysis of the international experience has dem- 
onstrated the promising potential of Telematics when 
applied to integrated management. Success of such 
proposal is conditional to the way information is 
handled by the various intervening agents involved in 
the management process. Telematics will enable us 
not only to identify required core services but also to 
identifjr a specific communication pattern. 

Thus, a management process base on three differ- 
ent levels of action was developed (Vianna et al., 
1999): 

o Macro: which consists of a broader characterisa- 
tion of the problem, in the scope of the city or 

area where it is located. At this level, it becomes 
necessary to monitor access roads, traffic in gen- 
eral and also the aggregated availability of park- 
ing in each traffic zone. Information from this 
operation is handled by the Control and Planning 
Centres, always trying to balance demand and 
offer, and aiming at keeping road capacity and 
environment standards. From that point on, it is 
possible to keep customers posted on free spaces 
in each traffic zone and inform areas or itinerar- 
ies to be avoided. At this stage, using variable 
message displays or broadcasting information by 
radio waves must be considered; 

Intermediate: in which the problem is analysed 
for each specific traffic zone and the user is given 
more detailed data on each parking facility within 
the area (such as the level of occupation, possible 
integration and fees). It also allows directing the 
user; 
and Micro: focused on the local level, it provides 
information on parking available on a certain 
street or within a certain parking lot. At this 
level it may be possible to control local pollution 
levels and to streamline charging and monitoring 
processes by identifjring illegally parked vehicles 
that can be located, fined and quickly removed by 
the teams in charge. 

a 

0 

Generally speaking, the technology required to ease 
operation at these three levels is very similar to that 
applied to other areas of transportation management, 
requiring equipment such as AV1 (Automatic Vehicle 
Identlfication); “inductive loops”; CTV (Closed Cir- 
cuit Television); VMS (Variable Message Signs), 
besides transmitters with either one or two-way 
communication links. 

In Niteroi, based on the proposal developed by 
Nijkamp et al. (1995) and local specificity, the im- 
plementation of a system based on displays and cam- 
eras in a closed TV circuit that allowed managing 
and monitoring the process was considered. At first, 
only privately owned parking lots located off the 
roads would be connected to the Central Control 
(CC) given the high deployment costs that should 
then be fbnded by this group of companies. How- 
ever, plans would allow for fbture expansion of the 
system so as to aggregate both new parking lots off 
the roads and parking spaces along the ways. The 
latter type of parking would be controlled with 
parking meters connected to the CC. At this stage, 
costs pertaining to the system expansion would be 
run by public agencies partnered with private enter- 
prises. 

Regarding displays allocation, they should be 
placed along the city access roads, allowing a driver 
to chose his preferred zone based on the number of 
available spaces and facilities, such as integration 
possibility. When getting to the chosen area, this ve- 
hicle will be directed exclusively to the said zone 
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parking options, receiving broken down and more 
detailed information as it approached its destination. 
It is important to keep in mind that, within the cho- 
sen zone, a system user will not be informed about 
the status and location of parking spaces in other 
zones. This kind of information will become avail- 
able only at boundary areas or access corridors. 

This system allows for access control at off-the- 
road parking lots, equipped with automated identifi- 
cation devices, where charging may be pefiormed 
electronically. For roadside parking, payment would 
be made when parking according to parking meter 
restrictions. Booking parking off the roads has also 
been contemplated and could be made in advance or 
during trip time by mobile phone. Booking for road- 
side spaces would not be available as they are in a 
smaller number and should serve as a “prize” to the 
user. Regarding inadequate parking, it is possible to 
say it would be strongly inhibited - CCTV cameras 
would catch any illegally parked vehicle that would 
receive the corresponding fine; teams would be 
warned to tow the vehicle as soon as the infraction 
were consolidated thus streamlining the whole op- 
eration. 

Initially, pollution monitoring would have only 
informational purposes, checking air conditions in the 
area. In the future, based on how the system 
evolved, messages could be posted so that areas with 
higher pollution rates could be avoided, and alterna- 
tive itineraries suggested. 

Based on these services, the system will not only 
guide a driver to the available parking space nearest 
to his destination, thus improving user satisfaction 
and parking search efficiency, but also reduce result- 
ing traffic congestion as well as pollution and envi- 
ronmental degradation. Ultimately it will allow for 
the optimised use of urban space and rational devel- 
opment of the city. 

6 CONCLUSION 

This paper discussed 
transportation policies 
levels of integration 
transportation means, 

the importance of adopting 
capable of providing higher 
between parking areas and 
serving as foundation to a 

system named Integrated Parking Management Sys- 
tem, based on the use of the resources of Telematics. 

It was possible to conclude that a broader use of 
Telematics had great potential to help in this process, 
making its productive routines viable, allowing a 
more effective management of available parking 
spaces through precise occupation control. In this 
approach, an analysis of available parking space in 
denser urban areas becomes an integral part of trans- 
portation system planning and the whole road net- 
work. The use of “integrated systems” must be 

based on the development of standard procedures 
that enables services to be properly implemented by 
allowing the identification, regulation and normaliza- 
tion of such services. It is also important to define 
equipment and technology requirements for an effi- 
cient operational integration. In this context, studies 
must be developed for these requirements to be met. 

In practice, in the case of Brazil, some hindrances 
to the process of integration of the various structures 
in the transport system may be pointed out requiring 
special efforts in equating some issues, such as: lack 
of an integrated transport policy to allow the ade- 
quate inclusion of parking in transport planning; lack 
of integration between operators who manage off- 
the-road parking lots, and who not always are willing 
to collaborate to the adoption of integrated plans; 
lack of integration between government agencies re- 
sponsible for traffic control and the various parking 
operators; the diverse conflicting aspects included in 
the control proposals pertaining to users and opera- 
tors. 

From the perspective of strategic transport plan- 
ning and technology updates in the sector, it is im- 
portant to ensure that parking is operated so as to 
adjust to a new reality. It is necessary for universities 
and research institutions, the public sector and pri- 
vate enterprises to make a joint effort to overcome 
any difficulties pertaining to the operational integra- 
tion in order to allow the fast and broad dissemina- 
tion of the concept of Integrated Parking Manage- 
ment. 

It is worth stressing that the use of such systems 
must be justified either by insufficient supply or dis- 
orderly use of available parking. Results in towns 
where supply surpassed demand did not yield the ex- 
pected efficiency. Therefore, it becomes evident that 
the implementation of this system does not intend to 
encourage additional trips to the town centres, as one 
may assume considering that offer would be opti- 
mised and therefore virtually “increased”. On the 
contrary, the objective is to encourage a more ade- 
quate use of those same existing parking spaces, en- 
suring a larger number of users accessibility to the 
city and a more rational appropriation of the road 
structure, with public transportation system playing a 
major part in daily trips. 

In the specific case of Brazilian towns, this project 
would represent a possibility of organisation for the 
road system in denser areas, in addition to serving as 
a first step towards integration of entities responsible 
for traffic, empowering them to take action and en- 
force rules in accordance with public interest. 
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Road traffic safety: A log-linear model application to urban area and a proposal 
of an A” 
La s6curit6 routikre: application d’un modkle log-linkaire et une proposition d’une RNA 
La seguridad del transito: Aplicacion de un modelo log-lineal y una propuesta de una ANN 

S.Amoroso & M.Ciuna 
Institute of Transportation Studies, University of Palermo, Italy 

ABSTRACT: Analyzing road accidents is actually very complex, as they are caused by the interaction of very 
different factors, as driver behaviour, vehicle characteristics, traffic conditions and infrastructure 
characteristics. This paper proposes an approach of study about road accidents in urban area using a statistical 
log-linear model to iiidividuate the main factors determining the seriousness of accidents. Beside the article 
shows the possibility of using artificial neural network as an instrument to value and classify accidents. The 
current study has been carried out in urban area using data regarding accidents which happened in Palernio in 
the last five years. These accidents took place in signalised and unsignalised intersections. 

RgSUME: L’analyse des accidents routieres est actuellenient tres complexe en etant causee par l’interaction 
de facteurs tres differents conime le comportenient du conducteur, les caracteristiques du veliicule, les 
conditions du trafic et les caracteristiques de l’infrastructure. Cet article propose un premier contact avec 
l’etude des accidents routieres en domaine urbain au nioyen de modeles statistiques log-lineaires pour la 
determination de principaux facteurs qui determinent la gravite de l’accident et en plus il individualise la 
possibilite d’utiliser les resaux neuronaux artificiels comme nioyen de appreciation et classification des 
accidents. Cet etude a ete realise dans uii doniaine urbain en utilisant donnees concernantes accidents advenus 
a Palernie dam les cinq derni6res annees en correspondence d’intersections avec et sans feux. 

RESUMEN: El analisis de la accidentalidad de carratera es actualmente muy compleya siendo causada por la 
interaction de factores inuy diferentes como la conducta del guiador, las caracteristicas del vehiculo, las 
condiciones del trinsito y las caracteristicas de la infraestructura. Este articulo propone p in procediiniento para 
el studio de la accidentalidad urbana mediante el us0 de iiiodelos estadisticas log - lineales para individuar 10s 
principales factores que determinan la gravedad del accidente y iiivididua tanibien la posibilidad de utilizar las 
redes neurales conio instrumento de valoracion y clasificacion de 10s accidentes. El presente estudio ha sido 
desarrollado en irea urbana utilizando datos relativos a accidentes sucesos en Palermo en 10s ultimos cinco 
anos en correspondencia de intersecciones con y sin semaforo. 

1 INTRODUCTION 

The ever-growing mobility demand produced a 
significant motorization increase, which in addition 
to the progressive infrastructure saturation and 
service levels reduction, caused a worrying 
reduction of safety limits. 

Even if the accident level is less serious in an 
urban environment (according to the consequences 

not the number) compared to an extra urban 
environment, accidents are more complex to 
interpreted as there are many factors to consider. 

There are two ways of studying road accidents 
according to the survey of the accident. 

The approach giving us an on-line control of 
traffic situation and accidents registers, by 
instruments controlling density and speed variation, 
the conditions at the moment of the accident. 
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This way of worlting has been successful in extra 
urban areas whcre a sudden block in tlie flow and 
speed values represents an unusual phenomenon. On 
the other hand it is difficult to adopt this method in 
urban areas where there are regularly traffic jams, as 
high traffic levels cannot be so it cannot be 
connected to the presence of road accidents. 

An example is represented by temporally road 
yards for road works that are put on the roads daily 
and tlie most of all causing road jams in most 
chaotic cities. 

Moreover, in  urban areas where road networks 
are very complex, this kind of analysis would result 
uneconomical. 

A second approach to the study is based instead 
on concerning tlie accidents and survey shortly after 
tlie accidents such as the survey carried out by road 
police responsible for this work. 

Therefore we can study what have caused the 
accident, tlie factors might determining the accident 
seriousness and what links these factors. 

The current study has been carried out in an urban 
area using data regarding accidents. which have 
happened in  Palerrno in  tlie last five years. These 
accidents took place in signalized and unsignalized 
intersections that present the highest density of 
accidents reported in the minutes of tlie bodies in 
control of surveying. 

We have considered as most significant 
parameters those ones regarding flow conditions 
(flows, density) infrastructure Characteristics 
(intersection geometry, road surface condition, 
traffic directions and regulations), car typology, 
transgressions committed, and meteorological 
conditions. 

2 DATA COLLECTION 

This study has been carried out in an urban area 
aiialyzing accidents in six intersections, three with 
traffic lights and three without traffic lights, where 
there was the highest number of accidents. They are 
four 1 eg s inter sections with s i i n  i 1 ar geometric 
characteristics. 

At first we used before a single site approach 
iiivolving the identification of "blackspot" location 
on the basis of the number of the accidents, in a 
single site in a given period of time. 

Analysis were carried out for a period of five 
years to avoid an episodic study. 

Then we used a inass action approach for sites 
characterized by a predominant type of accident for 
which we determined different kinds of scenarios. 

The collected data were put together by direct 
consultation of records in the office of the Police 

Departnient of Road Accidents in Palerrno, taking 
all necessary information concerning each accident. 

Such data represent only a part of real accidents 
because other accidents are often dealt directly with 
drivers and their assurances. 

This kind of research presented some difficulties. 
for the lost of time and as the consulted information 
is sometimes not complete especially for those 
accidents that occurred before 1997, and some 
record of which are missing. 

That caused tlie exclusion of some of tliem from 
the complete analysis. I n  this analysis we dealt all 
the categories which will be described later. 

For our study we could use only 120 of the350 
accidents that have been analyzed. 

The data collected are now organized in our data 
bank as follows: 
1 accident description: date, hour, place. 

seriousness (number of iii-jured people and their 
prognosis), number of vehicles involved in the 
accident; 

2 intersection description (signalized, not 
signalized, number of lanes, signs); 

3 environmental conditions: atmospheric 
conditions, lighting, visibility, road surface 
conditions ; 

4 kind of manoeuvring causing the accident; 
5 driver characteristics: sex, age; 
6 kind of vehicle: car, bilte, lorry. 

3 ORDINAL LOGISTIC REGRESSION 

The logistic regression investigates tlie 
relationship between a response variable and one or 
more predictors, when tlie response variables are 
categorical. The niaxiinum likelihood estimates of' 
tlie parameters are obtained by means of an iterative 
- reweighted least squares algorithm. This method 
estimates tlie parameters so that the fit model is 
optiinised. 

We obtain maximum liltelihood estimates of 
parameters using an iterative - reweighted least 
squares algorithm. 

This method consists of fitting a linear model 
(regression model) to the logs of the counts, also 
using the counts as weights. 

This procedure has essentially the same 
asymptotic properties as maximum likelihood 
estimation. 

For model construction we chose a link function 
of the logit kind (that is the inverse of cumulative 
logistic distribution function). 

The model is so defined: 

i = I ,......, k -  I 
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where 

k = tlie number of distinct values of response or 
the number of possible events 

yii = tlie cumulative probability up to including 
event i for the j'" factor / covariate pattern 

g(yi,) = the link function 

Oi = the constant associated with the i"' event 

x', = a vector of predictor variables associated 
wit11 the j"' factor / covariate pattern 

p .= a vector of coefficients associated with the 
predictors 

Tlie logit link fuiiction that we used is so 
expressed as tlie log of tlie so-called odd ratio: 

Every categorical variable is divided into levels. 
For every factor we determined a reference level. 
Tlie fixtor level that has been designated as tlie 
reference level, is tlie identified with number zero 
for all factors. 

I n  tlie regression analysis we used the following 
categorical variables, after collecting them when 
possible aiid removing those ones we judged in tlie 
first approach closely connected with others most 
significant: 
- data, divided into four levels representing the four 

seasons (spring, summer, autumn and winter); 
- time, divided into four levels, representing four 

intervals (0.00 +- 6.00 a m . ,  6.01 +- 12.00 a m . ,  
0.01 +- 6.00 p m . ,  6.01 + 12.00 p.ni.); 

- vehicles involved in the accident, divided into 
three levels (only cars, also bikes, also lorries); 

- traffic lights, divided into four levels (absent, 
regularly working, irregularly working, working 
on intermittent yellow light); 

- kind of tlie collision, divided into five levels 
(head -0 n side co 1 1 is i on 
liappeiiiiig when two vehicles draw up alongside, 
collision with a fixed or moving obstacle); 

- road surface conditions (dry, wet surface); 
- traffic conditions (intense, normal, poor traffic); 
- Visibility (adequate, inadequate); 
- driver sex (male, female). 

Tlie driver's age has been inserted as a 
quantitative variable. 

Weather conditions were not admitted because 
surface coiidi tioiis were taken into consideration 
such as wet roads because of rain aiid dry roads 
when tlie sky is clear or cloudy. 

co 1 1 is i on, co 1 1 is ion. 

We grouped lighting and visibility together. 
As response variable, vehicle damage and 

prognosis for injured people were considered. 
In particular, as the accident seriousness is not 

related to the number of. injured people (this datum 
is linlted to casualty of tlie presence of one or more 
people on the vehicle) or tlie medium prognosis (this 
variable would change tlie seriousness level 
casually), we consider the iii-jured person with the 
highest prognosis. 

For tlie computation we used tlie statistical 
software MINITAB. 

After a first analysis we carried out a backward 
step-wise regression to verifji if tlie additional 
contribution of one or more predictors was 
significant . 

We started with tlie complete model, obtained 
including all tlie predictors at our disposal. 

First we excluded the predictor presenting tlie 
highest p-value, i.e. that one causing tlie lower 
reduction in the "explanation" of tlie response 
variable. 

We checked if other parameters had become 
significant; at this point we considered tlie reduced 
model of a predictor and we tried to exclude another 
predictor. 

After excluding tlie third predictor (in order of' 
importance) we tried to include one of tlie predictors 
excluded before, as after excluding tlie others its 
contribution might have become significant. 

The procedure stops when it is no longer possible 
to exclude some predictors as tlie predictors are 
significant. 

I n  tlie following table, we present tlie results of 
analysis with all the predictors. 

Tlie logistic regression table shows the p-value, 
the odds ratio and a 95% confidence interval for the 
odds ratio. 

Here we consider the odds ratio of the dif'i'erent 
levels and tlie reference level for every variable. 

Observing tlie obtaiiicd results, as p-values and 
the correspondent confidence intervals, we noticed 
that the accident seriousness in urban enviroiiineiit is 
influenced by the presencc of bike involved in the 
collision aiid by tlie hour in  which tlie accident takes 
place; in  particular, in the evening hours we noticed 
a 41 % seriousness increase in comparison with the 
morning hours. 

We noticed the road surface conditions do not 
influence tlie accident seriousness, which is likely to 
be explained by tlie fact that when tlie road surface 
is wet, tlie speed is lower as the drivers are more 
careful, therefore tlie collisions are less serious. 

Moreover, we have to notice that most of tlie 
accidents happening in urban environment are 
caused by a transgression of the rules of the road, 
generally in giving way and in exceeding the speed 
limit (giving way and respecting tlie speed limits are 
tlie characteristics most respected when tlie road 
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surface is wet and less respected in the evening 
110 ur s ) . 

Ordinal Logistic Regression 

Link Function: Logit 

Logistic Regression Table 

Predtctoi Coef StDev Z P Ratio Lower Upper 
Const( I )  -3,944 2,139 -1,84 0,065 

Odds 95%CI 

COnSt( 2) -3,880 2,139 - 1,8 1 0,070 
Const( 3) -3,755 2,137 - 1,76 0,079 
Const( 4) -3.465 2,134 - 1,62 0,104 
CotIst( 5) -3,154 2,13 1 -1,48 0,139 
Coilst( 6) -2,685 2,127 - 1,26 0,207 
CotISt( 7) -2,498 2,126 -1,17 0,240 
COiISt( 8) -2,071 2,123 -0,98 0,329 
Const( 9) - 1,48 1 2,120 -0,70 0,485 
ConSt( 10) -0.574 2 , l  16 -0,27 0,786 
Coilst( 1 1 j -0.487 2,l  16 -0,23 0,s 18 
Const( 12) 0,473 2,l 18 0,22 0,823 
Const( 13) 0,642 2,12 1 0,30 0,762 
Const( 14) 2,0 17 2,189 0,92 0,357 
Const( 15) 2.7 19 2,290 1 ,  I9 0,235 
Data 

1 -0,3185 0,6024 -0,53 0,597 0,73 0,22 2,37 
- 3 0,6805 0,5290 l,29 0,198 1,97 0,70 5,57 
3 -0,2534 0,5297 -0,48 0,632 0,78 0,27 2,19 

Time 
1 2,653 1,179 2 3  0,024 14,20 1,41 143,33 
2 2,610 1,175 2,22 0,026 13,60 1,36 136,03 
3 3,737 1,215 3,07 0,002 41,98 3,88 454,70 

Veic 

2 -0,5587 0,8463 -0,66 0,509 0,57 0,I 1 3,OO 
Tiaffic lights 

2 -0,450 1,134 -0,40 0,692 0,64 0,07 5,89 
3 0,473 1,385 0,34 0,733 1,60 0,l 1 24,22 
Kind of col1 
1 0,930 1,470 0,63 0,527 2,53 0,14 4 5 3  
- 3 2,213 1,736 1,270,202 9,14 0,30 274,52 
3 2,806 1,676 1,67 0,094 16,54 0,62 441,23 
4 1,788 1,845 0,970,332 5,98 0,16 222,42 
Road surf 

Traff 

1 -1,0720 0,4838 -2,22 0,027 0,34 0,13 0,88 

1 -0,6002 0,4908 -1,22 0,221 0,55 0,21 1,44 

I -0,3548 0,6177 -0,57 0,566 0,70 0,21 2,35 

1 -0,0617 0,4086 -0,15 0,880 0,94 0,42 2,09 
2 -0,1696 0,6713 -0,25 0,800 0,84 0,23 3,15 

VlS 
1 -0,9399 0,5811 -1,620,106 0,39 0,13 1,22 

Sex 

Age 0,00059 0,Ol I95 0,05 0,961 1,OO 0,98 1,02 
Age -0.00857 0,O 15 15 -0.57 0,572 0,99 0,96 1,02 

1 -0,2583 0,3863 -0,67 0,504 0,77 0,36 1,65 

Log-likelihood = -23 1 3 3  1 

Test that all slopes are zero: G = 30,468; DF = 22; P-Value = 

0.108 

Goodness-of-Fit Tests 

Method Chi-Square DF P 

Pearson 1477,238 1523 0,795 
Deviance 463,062 1523 1,000 

4 USING NEURAL NETWORK 

One of the most important tools which are 
spreading in tlie research field regarding road safety 
(geographic information systems, expert systems. 
etc.) is represented by artificial iieural networks. 
They are tools able to analyze problems for which 
defining a priori tlie kind of filnctioiial link existing 
between dependent and independent variables is 
difficult. 

Neural network development for road accident 
investigation seeins to be an innovative and 
promising research field. 

This research proposes an artificial neural 
network as an instrument for tlie evaluation and 
classification of accidents. 

We tried to obtain matlieinatical models 
simulating the operation procedure of tlie natural 
neural aggregates and tlieir way to elaborate 
information. 

Neural network structure is represented b j  
elementary logic units (neurons) connected by the 
synapses cooperating independently through weights 
which changing on-line, cause the learning process. 

That simulates what happens in tlie liuinan brain 
where in the synapses electrical phenomena, 
inhibiting or exciting tlie received signals, take 
place. 

To operate using neural network we have to 
recover a set of data of significant dimension. 

In our study as input variables we considered tlie 
same variables used in  tlie log-linear model and, i n  
particular, we considered for each variable a number 
of neurons equal to tlie number of classes and for 
each accident active and equal to 1 we consider tlie 
active variable. 

As output variable we considered a variable 
presenting three levels; one level represents tlie only 
material damage (accident without injured people), 
and tlie other two levels represent the seriousness of 
the iiijured people. 

In particular, knowing tlie prognosis and the 
medical report, we divided iiijured people into 
lightly injured and seriously injured people; 
therefore when the accidents cause oiily material 
damage, we assuine the first neuron equal to 0.9 and 
the other equal to 0.1 and vice versa, having 
considered as link function a signioidal fhct ion.  

Till now we cannot give tlie results achievable 
through neural network, as the network was not able 
to learn and generalize, being the data quantity too 
I i mi t ed . 

We are continuing our research in that direction. 
as we think that neural networks could be useful also 
when realizing a software able to update on-line 
accident evaluation. 
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A simulation model for the estimation of pollutant emission rate at signalized 
urban road segments 
Un modkle pour l'estimation des taux d'kmission des polluants dans les segments 
autoroutiers signalisks 
Modelo de simulacion para la estimacion de 10s valores de emision de contaminantes 
en un segmento de via urbana 

E.O.Akinyemi & Koan Lai 
Institute f o r  Infrastructural, Hydraulic and Environmental Engineering, Deljt, Netherlands 

ABSTRACT: This paper describes the characteristics of an urban traffic environment model (UTEM). It is 
a model that can be used to estimate the total rate of emissions of a pollutant emitted by vehicles moving 
along a signalized urban arterial road segment. In the model, the total rate of emissions is determined as the 
addition of emissions in four operating modes- cruising, acceleration, deceleration and idling- all of which 
depend on the traffic, control and geometric conditions of a segment. The model incorporates some unique 
features such as the ability to: (i) estimate flow rate per lane under different possible traffic and geometric 
conditions, (ii) deterioration factors based on the age and maintenance level of vehicles and (iii) the results 
of possible traffic control strategies for a segment. Finally, the model has been designed to be user-friendly 
and sensitive to any pollutant emitted by vehicles in traffic. 

RESUME: On prksente ici une modkle environnemental de trafic en zone urbaine (UTEM). Ce modkl peut 
&re utilisk pour l'estimation des taux d'kmission de polluants d6s des vkhicles se dkplaGant le long d'un 
segment signalisk d'une artkre urbaine. Selon ce modkle, le taux total d'kmission est donnk par la somme 
des kmissions pour les quarter modes suivants: vitesse de croisikre, accklkration, dkcklkration et 
stationnement. Chacun de ces modes dkpend du trafic, ansi que des conditions gkomktriques et contr8le du 
segment. Les modkles prend en compte des caractkristiques inkdites telles que la possibilitk de: (1) 
determiner les dkbits par voie pour diffkrentes conditions de trafic et de gkomktrie, (2) les facteurs de 
dktkrioration en fonction de I'2ge et du niveau d'entretien des vkhicles, (3) les rksultats de diverses 
stratkgies de contr8le potentielles pour chaque segment. Enfin, le modkle est consu de manikre conviviale 
et peut prendre en compte n'importe quel type de polluant kmis par les vkhicles participant au trafic. 

RESUMEN: El document0 describe las caracteristicas de un modelo de anibiente del trafico urbano 
(M.A.T.U.). Este es un modelo que peude ser usado para estimar el valor total de emisiones de 
contaminantes emitidos por 10s vehiculos que se mueven a 10 largo de un segmento de via urbana 
seiializada. En el modelo el valor total de emisiones es determinado como la suma en cuatro modos de 
opercicin: crucero, aceleraih, deseaceleracibn y en ralenti, todos dependen del trafico, condiciones de 
contol y geomktricas de un segmento. El modelo incopora algunas caracteristicas unicas como la habilidad 
para: I) estimar el rango de flujo por carril para diferente trafico y condiciones. 

1. INTRODUCTION 

1.1 Traffic and road engineering actions 
determine the control, geometric, traffic and surface 
characteristics of a road. These characteristics 
affect, among other things, the load imposed on the 
local environment by traffic on the road. One of the 
major elements of the traffic-imposed 
environmental load is the total vehicular emission 
of pollutants or the total rates at which pollutants 

are emitted from vehicles on a road segment. 
Knowledge of these rates is important for two main 
reasons. First, analysis of traffic-generated 
environment a load requires adequate knowledge of 
total vehicular emissions of each pollutant type. 
This is illustrated in Figure 1 .  Secondly, 
compilation of the inventory of total vehicular 
emissions is an essential component of any 
evaluation of air quality in an area. 
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Traffic loads on roads + 
Emission pattern Total pollutant 
along the roads emissions 

$ 1  1 
Air pollution Air pollution 

dispersion model concentration 
I 1 

Figure 1. Modelling Air Pollution due to Traffic 

1.2 Currently, there are two main methods of 
estimating the value of total emissions of a pollutant 
by vehicles on a road segment. The first method 
involves two steps. The first is to estimate, through 
field sampling and/or laboratory experiments, the 
rate at which each vehicle, or class of vehicle on a 
study emits a pollutant. The second step is to 
multiply each emission rate by an estimate of the 
distance traveled by the vehicle and simply sum up 
for all vehicles. While this method has the potential 
of producing very accurate results, the main 
disadvantage is that it is both time and money 
consuming. The equipment required may be 
difficult to obtain. In addition, extensive data is 
required for any meaningfbl results. Another 
disadvantage is that it is difficult with this method 
to analyze the effects of any proposed engineering 
actions on the total emissions. 

The second method is modelling, i.e. use of 
mathematical models which incorporate major 
parameters of vehicle emissions to predict total 
emissions. This method is generally preferred by 
traffic and transportation engineers as a model can 
be used to predict the effects of their actions. 

1.3 At present, one of the problems is that most 
of the models available are emission factors models. 
i.e. models which predict the average emission rate 
per vehicle. The limitations of the current 
generation of models, such as EMPAC 9 (CARB), 
MOBILE (US EPA) and MODEM (TRL), are well 
recognized and documented [Austin al. (1991); Asif 
Faiz (1996)l. For example, they reply on speed 
correction factors and driving cycles that have 
limited applications. Also, they use and require data 
that may either not be applicable or be difficult to 
obtain, especially in developing countries. In 
addition, they are not adequately sensitive to a 
vehicle's model events [such as idling, cruising, 
acceleration and deceleration], and traffic 
conditions that are affected by control and 
management strategies. 

Furthermore, an emission rate is normally 
determined in grams per kilometer. This implies 
that determination of total emissions requires 
separate estimation of the average distance travelled 
by each vehicle on a road. Also, the nature and 
parameters of the models make them more suited 
for planning than for the purposes of traffic 
operations analysis. 

The second problem area is the validity of the 
model assumptions. For example, emission factor 
models are based on assumptions of driving modes 
and behaviour that are either unrealistic or not valid 
in many circumstances. In addition, they require 
inputs of information, which in many applications 
are difficult to obtain and thus have to be assumed. 
As a result of these and other deficiencies, there 
appears to be a significant amount of 
underestimation of actual vehicular emissions on 
many roads, For example, the American National 
Research council (1 99 1) and Guensler (1 994) have 
reported that underestimation of actual on-road HC 
and CO emissions by MOBILE and EMFACT can 
be between 20-200%. 

The third problem area is the nature of the 
outputs of pollutant dispersion models. Most 
produce typical average results while the results of 
greatest importance for traffic management and 
control purposes are the magnitude and duration of 
the most critical concentration levels. 

The fourth major problem area is the 
applicability of the models for traffic engineering 
purpose, especially in developing countries. Firstly, 
there is a problem of the integrability of separate 
emissions and traffic models. It is difficult to 
integrate the models because of significant 
differences between input requirements, and 
between the inputs and outputs of the models. 
Furthermore, most emission models do not 
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sufficiently incorporate appropriate traffic 
management and control variables. Partly as a result 
of these and other problems, some traffic simulation 
and optimization model packages such as 
INTEGRATION and TRANSIT-8 have 
incorporated their own emission estimation models. 
Unfortunately, however, virtually none of them 
were developed based on on-road emissions data, or 
tested and validated for their accuracy and 
representativeness. 

The fifth major problem is the complexity 
introduced by the diverse vehicle fleets, rapid and 
unpredictable fleet growth rates, and unavailable or 
inaccurate basic data in most developing countries. 
Due to the shortage of measured data on vehicle 
emissions and air pollution concentrations in road 
micro-environments, most of the emissions and 
dispersion models are not based on real-life 
observations, especially on roads in developing 
countries. Consequently, significant errors are 
currently introduced through the application of 
these models to scenarios which are different from 
those for which they were validated. 

1 4 As a consequence of these limitations, a 
research project was recently initiated to develop 
emission models based on what is known as a 
model approach This involves models which are 
based on the operating modes of vehicles on 
different road sections According to Miller (1 993), 
this approach is likely to provide the best 
compromise between necessary model detail and 
feasibility of implementation The primary goal of 
the research is to develop models which can 
determine the total emissions (and not emission 
factors) on different types of urban road segments 
as a function of the geometric, traffic, and control 
characteristics of the segment 

1 .5  This paper describes the major 
characteristics of a model for an urban arterial 
segment controlled by a fixed time signal. The 
model has been develop by using a time-distance 
diagram of vehicles on the segment and shock-wave 
analysis. In addition, it incorporates all major 
vehicle, traffic, geometric, and control variables 
which are required for analysis of the effects of 
traffic management on total emissions. 

The paper is organized into five sections 
including this introductory part. Section 2 describes 
the assumptions and concepts used in the models. In 
section 3 the major internally derived parameters 
are determined, while section 4 describes the 
operational characteristics of the model. Section 5 

describes the major advantages and limitations of 
the model. 

2. CONCEPTUAL FRAMEWORK OF THE 
MODEL 

The model is designed to estimate the total 
pollutant emissions by vehicles on an urban arterial 
road segment with the geometric, control and 
demand traffic characteristics illustrated in Figure2 

The model is capable of estimating emission 
rates for up to five different pollutants, namely 
Carbon Monoxide (CO), Hydrocarbons (HC), 
Nitrogen Oxides (NOx), Lead (Pb), and Suspended 
Particles Matter (SPM) In addition, it incorporates 
seven types of vehicles, namely car (gasoline), 
minibus (gasoline), bus (diesel), light truck 
(gasoline), heavy truck (gasoline), two-stroke 
motorcycle, and four-stroke motorcycle The basic 
assumption of the model is that vehicles of the 
same type have similar acceleration, deceleration, 
emissions, and speed characteristics 

The basic approach of the model is to determine 
the total emissions of a pollutant from a lane as 
7‘E (I )  ~ IASE (I)  1 [JSE (I )  ( 1 )  

where 
ZASE (I)  = total emission at the intersection 

approach part of lane ( I )  
USE (I)  = total emission rate at the remaining 

part of lane ( I )  

Furthermore, since an intersection approach part 
of the segment can be divide into a number of 
sections with homogeneous operational 
characteristics, IASE can be expressed as 
ZA SZ; (Z,) = F,F, L A  (nz , /, I) . LLI (nz , I ,  z) 

I 171 

’ EC(n2, /, I) +Z$(m, I,  I )  ( 2 )  
where 
hX’(m,l,z) = rate of pollutant emissions by all 

vehicles of type (m) in cruising mode 
on lane (0 of section (0, ( g d s e c  ) 

I<A(n?,I,z) = rate of pollutant emissions by all 
vehicles of type (m) in acceleration 
mode on lane (Z) of section (i), 

KD(m,/,z) = rate of pollutant emissions by all 
vehicles of type (m) in deceleration 
mode on lane (4 of section (i), 
(gmfsec ) 

EQ(m,I,z) = rate of pollutant emissions by all 
vehicles of type (m)  in idling mode on 
lane (Z) of section (4, (gdsec  ) 

(gmfsec 1 
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Figure 2. Urban Arterial Road Segment 

Also, USE can be expressed as: 
C Q(Z, nz) EFc(m).Speed(l) 

3600 x 1000 
USE(I) = ni ( 3 )  

where: 
,Ypeed(l) = average speed of vehicles in lane ( I ) ,  

Q(l,m) = flow rate on lane ( I )  of vehicle type 

LFc(nz) = emission factor of each vehicle of type 
(m) when it is in cruising mode, 
(gmheh. km) 

( k d h )  

(m), ( v e W  

By considering the basic definitions, it can be 
shown that EC(1, i,m), EA(1, i,nz), ED(1, i,m), and 
EQ(1, i,m) are as follows: 

EC(1, i, m)  = 

EA(Z,i,m) = 

ED(1, i, m) = 

EQ(l,i,m) = 

where: 
EFq(m) = 

EFc(m) = 

EFa(m) = 

EFd(m) = 

AREA a( 1, i )  

A m  d( 1, i )  

AIXAc(1, i)Q(l, nz)EFc(m). 
3600 x 1000 x TC 

AREAa(1, i)Q(Z, nz)EFa(m). 
36OOx1OOOxTC 

AREAd(1, z)Q(l, m)EFd(m). 
3600 x 1000 x 7% 

A ~ ~ q ( l , i ) ~ ( ~ , m ) ~ ~ ~ ( m ) P ( l , m )  
36OOx TCx ELY(m) 

( 4 )  

( 5 )  

( 6 )  

( 7 )  

idling mode emission factor for 
vehicle type (m), (gdveh .  hr) 
cruising mode emission factor for 
vehicle type (nz), (gdveh.km) 
acceleration mode emission factor for 
vehicle type (m), (gdveh.km) 
deceleration mode emission factor for 
vehicle type (m), (gdveh.km) 
= the total area of section (i), on lane 

( I )  for vehicles in acceleration 
operation mode, (sec.m) 

= the total area of section (z), on lane 

( I )  for vehicles in deceleration 
operation mode, (sec m) 

AREAc(l,z) = the area of section ( I ) ,  on lane ( I )  
for vehicles in cruising operation 
mode, (sec m) 

A M q ( / , z )  = the area of section ( I ) ,  on lane ( I )  
for vehicles in idling operation 
mode, (sec m) 

= effective length of vehicle type (m), 
(m) 

= signal cycle length (secs) 

ELY(m) 

K' 
P(1,m) = probability of using mode m on 

In addition, by analyzing available data from 
several countries, Akinymi (1998a) has shown that 
in-service cruising, acceleration, and deceleration 
emission factors can be approximated as follows: 

EFd(n2) = ITa(m) 

lane(I) 

EFc(m) = EF'q(m). (RS) -' .A .M ( 8 )  

- EFq(m).(0..5xRS)~08.Af.Mf ( 9 )  

where; 
IiS = running speed ( k d h )  
A ,  = age factor 
4 = maintenance level factor 

Previous research by Ibitoye( 1996), Kouzis 
(1 993) and Oketch (1 994) have suggested that A 
and M ,  are as shown in Tables 1 and 2. 

The preceding equations show that two main 
requirements are the determination of (a) traffic 
flow rate per lane for vehicle type (m), i.e. Q(Z,m), 
and (b) the areas of sections for vehicles in different 
modes, i.e. AREAcfi), AREAa(i), AREAd(i), and 
AREAq(i). These are known as internally derived 
variables. 
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Age (years) A, 
CO HC 

NEW 1 .oo 1 .oo 
1 1.06 1.06 
5 1.25 1.20 
10 1.30 1.20 

Table 2: Determination of maintenance factor 

M, Level of maintenance 

Good 
Average 

Poor 

1 .oo 
1.20 
1.40 

3. DETERMINATION OF INTERNAL 
VARIABLES 

Estimation of Expected Traffic Flow Rate per 
lane- Given the total entry flow into the segment, 
the traffic flow per lane on the uniform part simply 
involves an equal distribution of the volume into the 
lanes. However, the flow rate per lane on the 
intersection approach is more complex. Simple 
procedure has been derived by Akinyemi (1998b). 
It consists of the following steps: 

- step 1 : Obtain flow rate of each traffic movement 
[left turn movement flow rate (QLT), right 
turn movement flow rate (QRT), and/or the 
flow rate of through traffic (QTH)]. 

- step 2: Determine the total vehicular flow per lane 
(Q(1)) as follows: 

For an intersection approach with only 1 lane 
Q(1) =QLT-+ QR T-b QTH ( 10)  

For an intersection approach with 2 lanes 
Lane 1 
Q(1) =QLT ( 11 1 

Q(1) =QLTi QI,TS ( 1 2 )  

Q(1) =QLT+QTH ( 1 3 )  

if lane = L[LT] 

iflane = L[LT+TH] and lane 2 is not 
L(RT) 

L(RT) 
iflane =L[LT+TH] and lane 2 is 

Lane 2 
Q(2) =QRT ( 14)  

Q(2) =QR7'1 QL7t QTH-Q(1) ( 1 5 )  
if lane = L[RT] 

if lane = L[LT+TH+RT] 

For an intersection approach with three lanes 
Lane 1: 
Q(l) =QLT ( 16)  

Q(1) =QL T-1 QL 115' ( 1 7 )  

Q(2) =Q(l)-Q(3) ( 1 8 )  

Q(3) -QRT ( 1 9 )  

Q(3) =QRT+QRTS ( 2 0 )  

if lane = L[LT] 

if lane = L[LT+TH] 
Lane 2: 

Lane 3 : 

if lane = L[RT] 

if lane = L[RT+TH] 

For an intersection approach with four lanes 
Lane 1: 
Q(1) =QLT ( 2 1  1 

if lane = L[LT] 

Q(1) =0.5QLT 

Lane 2: 
Q(2) =0.5QlH 

Q(2) =0.5QLT 

if lane = L[LT] and lane 2 = L[LT] 

if lane 2 = L[TH] and lane 3 = L[TH] 

if lane 2 = L[LT] and lane 3 = L[TH] 

if lane 1 = L[LT+TH] and 
Q(2) = 0.5(Q TH-QL TS-QRTQ 

lane 4 = L[TH+RT] 

if lane 1 = L[LT] and 
lane 4 = L[TH+RT] 

Q(2) 0.5 (Q TH-QL TS) 

Lane 3 :  
Q(3) -0.5QR7' 

Q(3) -0.5QTH 
if lane 3 = L[RT] 

if lane 1 = L[TH] and lane 4 = L[RT] 

if lane 1 = L[LT], lane 2 = L[LT] and 
Q(3) ZQTH-QRTS 

lane 4 = L[RT+TH] 
Q(3) =0.5(QTH-QLTS-QRTS) 

if lane 1 = L[LT+TH] and 
lane 4 = L[TH+RT] 

Lane 4: 
Q(4) =QIi7' 

if lane 4 = L[RT] 

if lane 3 = L[RT] and lane 4 = L[RT] 

if lane 4 = L[TH+RT] 

Q(4) r= 0.5QRT 

Q(4) QR T+- QRTS 
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L 

FLY‘ = 

Iq’liT = 

where. 
-QOPP = 
-PEDS 1 

-R = 

-NI, = 

Areas 

1800 
1400 - QOPP 

Opposing flow rate 
number of pedestrians crossing 

-Furthermore, the times spend at section (z), on 
( 3 5 )  lane ( I ) ,  in cruising mode befo’re and after 

stopping at the intersection X(1,i) and Z(1,i) 
respectively, and in idling mode Y(1,i) can be 

( 36 ) determined as: 
3 .6xix LG(1) 

N x Sl ( I )  
X(1, i) = 

( 4 5 )  

( 4 6 )  Y(1, I) = TC-XQ, i)-Z(1, i) 

where: 
s, (I) =speed of stopping wave on lane ( I ) ,  (km/h) while 

green time is given to right turn LG(I)=length of queue which can be cleared in the 
movement 
radius of curve at right-turn movement 
number of lanes N =number of sections 

green time allocated for lane ( I ) ,  (m) 
TG(0 =green time for movement on lane (I), (sec.) 

for Vehicles in Different Operating - The length of the queue on lane ( I ) ,  which can be 
Modes Consider a typical time-distance diagram of 
all vehicles on a signilized road segment as 
illustrated in Figure 3 If the intersection-approach 
part of the segment is divided into N sections, then 
the areas of section ( I )  for vehicles in cruising, 
acceleration, deceleration, and idling operation 
mode on lane ( I ) ,  can be determined by using 
simple geometric relationships such as 

cleared in the allocated green time LG(I), and the 
total length of the queue LCiiiC(I), can also be 
determined as: 

where: 
TX(I) = red time for movement on lane ( I ) ,  (sec.) 
S, (I) = speed of starting wave on lane ( I ) ,  (kph) 

The times spent in deceleration mode T,  and 
acceleration mode T (, (in sec.) can be show to be: 

RS 
3.6xad  

RS 
7.2 x na 

1 8 ,  = ~ 

T o  =- 
( 4 3  1 

- From shock-wave analysis the speed of stopping 
wave S, ( I )  and speed of starting wave S2(I )  can 
be expressed to be: 

where 
(3 (0 
KJAM(0 
SA771%OW(I) = saturated flow rate on lane ( I ) ,  

KCAI’(0 = density at capacity on lane ( I ) ,  

= flow rate on lane ( I ) ,  (vph) 
= jam density on lane ( I ) ,  (veWkm) 

(VPh) 

(veh/km) r 0.24 KJAM(1) 

where: 
aa =Average acceleration rate, (&sec ) 
ad =Average deceleration rate, (&sec ) 
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4. OPERATIOTIONS CHARACTERISTICS OF 
THE MODEL 

I Read input file I 

parameters per lane on 
different parts of the segment 

Determine the rate of pollutant 
emissions for each mode on 

Figure 4: Schematic drawing showing the 
operational characteristics of the model 

5 .  CONCLUSIONS 

The proposed model is an attempt to improve on 
the current state of emission modelling in three 
major ways. Firstly, it is based on the modal 
approach, which is currently considered to be the 
best approach to emission modelling on urban 
roads. Secondly it incorporates all major factors 
which are known to affect the emission 
characteristics on an urban road. Thirdly, new 
features such as, restriction of lane use, distinction 
among different turning movements and differences 
in the number of lanes at uniform section and 
intersection approach are also made possible. This 
flexibility provides the engineer with the necessary 
tools affect the emission rate. In addition, it can be 
used for a variety of applications, including traffic 
analysis and design. 

Undoubtedly, there are areas for improvement of 
the model, One area relates to input of ideal 
emission rates different types of vehicles. Another 
area is there is need for verification of the 
maintenance and other factors used in the model. 
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Naive causal analysis and accident prevention strategies 
Explications nalves de l’accident et strategies de prkvention 
Explicaciones ingenuas del accidente y estrategias de prevencion 

Dongo Rkmi Kouabenan 
Universite‘ Pierre Mend& France, Grenoble, France 

ABSTRACT 

This paper presents three illustrative studies which aim at showing that naive causal explanations for 
accidents (i.e spontaneous explanations given for road accidents by laymen) as well as the percepcion 
people have of risks on the road, could throw some light on the knowledge about accident causality as 
well as on its prevention. It is stressed that by takmg into account the naive causal explanations for 
accidents given by ordinary people (drivers, pedestrians, policemen, road engineers, etc.), accidents 
countermeasures could be better understood and more easily accepted because they would integrate 
the cognitive hnctioning of those who are directly concerned by their execution. 

RESUME 
A travers trois exemples d’etudes, on tente de montrer que les explications nayves, c’est-a-dire les 
explications spontanement fournies pour les accidents par les personnes ordinairement confrontees 
aux risques routiers (conducteurs, pietons, ingenieurs, gendannes, policiers, etc.), ainsi que la 
perception de ces risques, sont susceptibles d’iclairer les connaissances sur la causalite des accidents 
et les actions de prevention. Notamment, la prise en compte des explications nayves dans la dkfinition 
des mesures preventives est supposee les rendre plus accessibles, car integrant le fonctionnement 
cognitif des personnes directement concernees par leur mise en oeuvre. 

RESUMEN 

A traves de tres estudios, este comunicado trata de demostrar que las explicaciones ingenuas, es decir 
las explicaciones de accidentes dadas espontineamente por la gente que esta confrontada 
habitualmente a 10s riesgos del trafico (conductores, peatones, ingenieros, policias, guardias civiles, 
etc.), asi como la percepcion de 10s riesgos viales, pueden aclarar 10s conocimientos sobre las causas 
de 10s accidentes y las acciones de prevencion. Particularmente, se supone que tomar en cuenta las 
explicaciones ingenuas de la gente profana en la definicion de las medidas de seguridad, permite que 
sean mas accesibles y mas aceptables porque integran en su aplicacion el funcionamiento cognitivo de 
la gente concernida. 

INTRODUCTION taken to prevent accidents are specified 
according to the conception we have of their 

Causal explanation for accidents is a causality. Most of the time, this explanation is 
fundamental aspect in the designing of road alloted to experts, but actually it does concern all 
safety strategies. Generally, the actions to be the actors who play a part in traffic (drivers, 
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pedestrians, road engineers, safety engineers, 
policemen, transport companies’ managers, 
insurers, etc...). Indeed, the theories of causal 
attribution in social psychology show that the 
explanation for events is a daily concern for 
everybody (see Kouabenan, 1999). 

According to Heider (1958) for instance, a 
human being needs to feel himself in a regular 
and foreseeable environment, in which no event 
happens to occur by chance. He needs to 
maintain some control over this environment. 
The explanation for events by organizing and 
structuring environment gives to the individual a 
feeling of control. Consequently, we think that 
the people who are daily confronted with risks 
on the road are not unsensitive to the explanation 
for the occuring accidents (Kouabenan, 1999). 
Causal explanation for an event, an accident in 
this case, puts one’s mind at ease. On the 
contrary, the lack of any explanation will 
question and trouble psychologically the 
individual who faces a risk. The accident 
explanation thus not only concerns the safety 
expert but also the various people taking part in 
road traffic. 

Following Heider (1958), we call “naive” 
explanations, the explanations spontaneously 
given by non specialized individuals, in 
oposition to the explanations given by experts 
using a “scientific” methodology. These 
explanations, as well as those of experts, are 
meaningful and can clarify the knowledge of 
accidents causality and their prevention. Thus, it 
is shown that the causal inferences the people 
make are likely to have an influence on their 
behaviours (Kelley, 1972). Such explanations 
allow the individual not only to avoid 
positioning himself as a victim when facing 
events, but most of all to be able to adapt his 
behaviour. The explanations, given by both 
laymen and experts contain different biases 
(Slovic, Fischhoff & Lichtenstein, 198 1). 

Through three illustrative studies, we would like 
to show the presence of such biases in explaining 
road accidents, and conclude with the interest 
naive causal explanations could bring to the 
study and prevention of accidents. Whatever 
motivational, cognitive or even normative their 

origin is, the knowledge of these different biases 
appears very important. concerning safety, 
because they could help to understand why 
precautions are not taken or furthermore why 
only a few people feel themselves concerned by 
the road safety campaigns (Kouabenan, 1999). 

STUDY 1 :DIFFERENTIAL, EXPLANATIONS 
FOR ACCIDENT GIVEN BY PEDESTRIANS 
AND DRIVERS 

A sample of 120 subjects (Kouabenan, 1990) 
were asked to give an explanation for the 
accidents, which generally occur in the country 
they live, in the present case the Ivory Coast. 
The sample is composed of 40 professional 
drivers, 40 non professional ones and 40 subjects 
acting as pedestrians (of at least 21 years old)2. 
The subjects have been randomly chosen among 
the driving and non driving population and were 
volunteers to take part in the experiment without 
reward. They were asked to fill an attribution 
questionnaire, which includes 28 factors of 
accidents ; 14 of which are internal (to the 
driver) and 14 external. The subjects were asked 
to tick off the factors, which to their opinion play 
a part in road traffic accidents. 

The hypothesis was that drivers, whatever 
professional or non professional they were, 
would consider the causes of road accidents to be 
external (technical and atmospherical factors, 
infrastructures, etc.), whereas pedestrians would 
rather mention factors internal to drivers 
(excessive speed, carelessness, no respect of 
traffic rules, dangerous manoeuvres, etc.). The 
results confirmed the hypothesis. As it was 
predicted, the drivers, either professional or non 
professional, tended to attribute the causes of 
accidents to external factors whereas pedestrians 
tended to mention factors internal to drivers. No 
difference of attribution was found between the 
attributions of both groups of drivers. Table nol 
presents the average percentages of attributions 
to a few illustrative factors. 

’ This last group includes individuals who don’t have a 
driving licence, who don’t drive and have never driven 
any motor vehicle. 



These results confirmed the tendencies of 
defensive explanations observed concerning 
accidents (Shaver, 1970), and especially 
attributional biases in favour with one’s group 
and unfavourable to the exogroup (Cf. Kelley & 
Michela, 1980 ; Kouabenan, 1999). Kelley and 
Michela (1 980) wrote : “since negative behavior 
may have negative implications for self-regard 
unless causal responsibility is attributed 
externally, such attributions should result from 
motivation for self-protection” (p 474). The 
negative nature of accident makes such an 
interpretation very much plausible. 

Table 1 : Examples of causal 
attributions by drivers and 
pedestrians 

Causal factors 

Local Authority failing to provide 
pedestrian crossings 

Pedestrian inattention while 
crossing 

Pedestrians not using crossings 
provided 

Fate 

I 

Unforseeable mechanical failure 

Poor conditions of roads 

Lack of signals at intersections 

Nonrespect of pedestrian 
crossings by drivers 

Excessive driver confidence 

Exceeding maximum payloads 

Inadequate knowledge of highway 
code 

I 

Drug and alcohol use 

Lightness in applying sanctions 

Drivers 

62.00 % 

94.50 % 

98.50 ‘3’0 

44.50 % 

80.00 % 

7 1 .oo ‘3’0 

58.00 % 

9.50 % 

11 .oo % 

14.00 % 

25.00 ‘3’0 

41.00 % 

45.00 % 

Pedestrians 

12.00 % 

52.00 % 

12.00 % 

7.00 % 

12.00 % 

47.00 % 

5.00 % 

85.00 % 

62.00 % 

65.00 % 

95.00 % 

90.00 % 

70.00 % 

STUDY I1 : CAUSAL EXPLANATIONS FOR 
PEDESTRIAN ACCIDENTS BY MOTORISTS 
AND VICTIMS 

We analysed spontaneous causal attributions 
from the testimonies contained in 55 reports of 
accidents involving pedestrians, considering 
their source and seriousness (Guyot & 
Kouabenan, 1999). These reports were randomly 
chosen among accidents reports involving 
pedestrians in the years 1990 and 1991 in the 
Ivory Coast. They were of the same proportions 
according to the seriousness of their 
consequences, 27 minor accidents and 28 serious 
ones. 
In conformity with the defensive attribution 
hypothesis (Shaver, 1970 ; Walster, 1966), we 
make the hypothesis that drivers involved in the 
accident (or their close relations) would tend to 
attribute it to external factors or to factors not 
implying their responsibility (condition of the 
road, atmospherical conditions, pedestrian, fate). 
In the same way, victims of the accident, in this 
case pedestrians (or their close relations), would 
tend to attribute the same accident to factors 
accusing rather more the driver than themselves 
(excessive speed, lost of control, dangerous 
manoeuvres, etc.). This discrepancy in causal 
attributions between pedestrians and motorists 
should be increased even more by the 
seriousness of the accident (Kouabenan, 1985). 

It must be noticed that in this study we were 
dealing with real accidents, in which people 
carrying out the analysis were personally 
involved. We observed, like previously, an 
interesting opposition between the explanations 
given by pedestrians and those given by 
motorists. In the present case, pedestrian-victims 
tended to hold in majority the driver responsible 
for the accident (67,7 % of the attributions), 
while motorists tended to attribute the accident 
to the pedestrian-victim (61.5%). Moreover, we 
observed that if victims make some attributions 
to the pedestrian-victims, on the contrary drivers 
didn’t make any attribution to the factor 
“driver”, but rather to the conditions of traffic. 
These results were significantly different (X2 = 

59,81 ; p<.OOI). When we analysed the results 
according to their internal or external 
localization3, we observed that the different 
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protagonists of the accident tended to explain it 
with factors related rather more to other persons 
or to an external element out of their control 
(example : fate, the condition of the road). These 
results were in accordance with the defensive 
attribution hypothesis, in which the protagonists 
of the accident make external attributions to 
protect their self-esteem. As the attributions are 
mainly external, it was not possible to test the 
effect of the seriousness of the accident. 

STUDY I11 : BELIEFS AND CAUSAL 
EXPLANATION FOR ACCIDENT 

A sample of 553 subjects having different levels 
of knowledge concerning accidents and driving 
risks (students, professional drivers, learner 
drivers, non professional dnvers, gendarmes, 
policemen, public work engineers, etc.) were 
asked to complete a questionnaire on accident 
and risk perception (Kouabenan, 1998). Their 
were also submitted to a scale measuring their 
beliefs in fate (fatalism) (alpha = .78). The major 
results are shown in table n”3. 
As shown by table 4, it can be easily observed 
that fatalistic subjects attribute accidents more 
readily to factors out of the dnver’s control 
(infrastructure, other people, fate) and that they 

Table 2 : Causal attributions of motorists and victims 

(pedestrians) 

Attributor 

Causal factors 

Drviver 

, i ~ t i m  (pedestrian) ~ )I ~ 1 :2 1 
Bad road or vehicle 

state 

Fate 

Total 65 31 96 

X2 = 59,81, p<.OOl. 

consider as being less important factors implying 
his responsibility or initiatives (sudden change of 
direction, carelessness, non-respect of stop signs, 
contempt for pedestrians, impatience, etc.). This 
result is not suprising if we considered that 
professional drivers appeared to be the most 
fatalistic subjects4 (F(7 ; 545) = 6.65 ; P<.OOl). 
Thus, this trend of explanation could well be 
interpreted in terms of defensive attribution by 
which fatalists stressed the causal role of factors 
out of their control and minimized the causal 
role of factors relevant to their control in order to 
preserve their self-esteem. 

CONCLUSION 

These experiments show that biases were likely 
to appear in the explanation of the accident. The 
biases shown in these three experiments were of 
the defensive type insofar as people tend to 
explain the accidents with external factors or 
factors out of their control. But, naive 
explanations are not only defensive. In a work 
entitled “naive explanation of the accident and 
road safety”, we describe a number of other 
biases or perceptive illusions (optimistic bias, 
illusion of invulnerability, illusion of control, 
etc.), which are likely to disturb the explanation 
of accidents, and thus the definition of road 
safety strategies (Kouabenan, 1999). Defensive 
biases, in this case, might alter the diagnosis of 
the causes of accidents as far as they might 
generate a conflict about the causes considered 
significant, everyone can be tempted to justify 
the identified cause if it’s perceived to be 
relevant to one’s role. 
These biases, and the negative consequences of 
the accident can deviate from the purpose of 
analysing the accident insofar as they contribute 
to create an atmosphere of suspicion, which 
might bring confusion between the 
investigations of the causes and of the guilty 
Party. 

In the same way, defensive explanations, by 

An explanation is considered as internal when a person 
or his close relations, make attributions to his 
characteristics or his own fault. It is said to be external 
when on the contrary, the explanation is related to material 
factors, traffic conditions, other persons or fate. 

Average score for professional dnvers is 28.8. The 
average score for the global fatalism index is 24.0. The 
least fatalistic subjects were the engineers (AS = 20.3) and 
the students (AS = 2 1.1). 
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Table 3 : Fatalism and accident explanation 

Important accident 

fatalists 
factors for F 

Headlight glare 4,39 

Bad road state 4,12 

Absence of pavements or ver 3.13 

Lack of Dedestrian crossinas 4.25 

Lack of signals 

at junctions 4,97 

Traffic lights 

in bad state 3,65 

Bad luck 

Non-respect of traffic lights 

Pedestrians 

neglecting crossings 

F indicates the difference of attribution between fatalists and non fatalists subjects. 

Eta indicates the size of the effects (see Rosenthal, R. & Rosnow, R.L., 1991) 

transfering the causal responsability for the 
accident on elements outside self-control, seem 
to convince their authors that road safety 
campaigns or safety measures are mostly 
directed toward the others, and that they can do 
nothing on their own to avoid accidents. This 
type of defensive explanations, so as fatalistic 
explanations, might lead to feelings of 
abdication, of not being responsible and of 
indifference toward safety measures and thus to 
“regrettable” mistakes. They are also likely to 
disturb the establishment of adequate road safety 
measures so far as defense mechanisms can 
bring a discrepancy in people’s point of view 
concerning the relevance of these measures. 

On the opposite, taking into account naive causal 
explanations could help to create an efficient 
comunication about accident analysis as far as it 
is used a language based on the beliefs of the 
targeted people. Actually, the success of road 
safety measures depends on their aplication by 
the target population they are aimed at. To be 

fully accepted, these measures have to be 
perceived as useh1 and efficient. What is most 
important is not the specific efficiency of these 
measures but rather that the people who have to 
bring them into play believe in them and 
persuade themselves that the messages of 
prevention are directed to themselves. In order 
that these people believe that the measures are 
efficient, they have to perceive them as based on 
the causal analysis they share. 

However, it is shown (Slovic & al., 1981 ; 
Kouabenan, 1999) that the experts in charge of 
thinking up safety measures, don’t have always 
the same conception of accidents causality as the 
ordinary people who then will have to implement 
these measures. 
Finally, we can notice that taking part in the 
explanation for the accident and in the 
establishment of safety actions can be reassuring 
for people who consenquently recover a better 
feeling of control. Moreover, it can be for them a 
real source of motivation : the success of 
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Table 3 : Fatalism and accident explanation - 
Eta 

- 
.I7 

.I7 

. I5  

. I7  

- 
- 
- 
- 

.I9 - 

.I6 

.34 

. I7  

- 
__. 

- 

.I4 - 

* F indicates the difference of attribution between fatalists and non fatalists subjects. 

* Eta indicates the size of the effects (see Rosenthal, R. 8, Rosnow, R.L., 1991) 

transfering the causal responsability for the 
accident on elements outside self-control, seem 
to convince their authors that road safety 
campaigns or safety measures are mostly 
directed toward the others, and that they can do 
nothing on their own to avoid accidents. This 
type of defensive explanations, so as fatalistic 
explanations, might lead to feelings of 
abdication, of not being responsible and of 
indifference toward safety measures and thus to 
“regrettable” mistakes. They are also likely to 
disturb the establishment of adequate road safety 
measures so far as defense mechanisms can 
bring a discrepancy in people’s point of view 
concerning the relevance of these measures. 

On the opposite, taking into account naive causal 
explanations could help to create an efficient 
comunication about accident analysis as far as it 
is used a language based on the beliefs of the 
targeted people. Actually, the success of road 
safety measures depends on their aplication by 
the target population they are aimed at. To be 

fully accepted, these measures have to be 
perceived as useful and efficient. What is most 
important is not the specific efficiency of these 
measures but rather that the people who have to 
bring them into play believe in them and 
persuade themselves that the messages of 
prevention are directed to themselves. In order 
that these people believe that the measures are 
efficient, they have to perceive them as based on 
the causal analysis they share. 

However, it is shown (Slovic & al., 1981 ; 
Kouabenan, 1999) that the experts in charge of 
thinking up safety measures, don’t have always 
the same conception of accidents causality as the 
ordinary people who then will have to implement 
these measures. 
Finally, we can notice that taking part in the 
explanation for the accident and in the 
establishment of safety actions can be reassuring 
for people who consenquently recover a better 
feeling of control. Moreover, it can be for them a 
real source of motivation : the success of 
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measures that they would have contributed to (1 98 1). Perceived risk : Psychological 
define can appear to themselves as a challenge. factors and social implications. 

Proceedings of the Royal Society of 
London, A376, 17-34. 

Walster, E. (1996). Assignment of responsability 
for an accident. Journal of Personality and 
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Integrated traffic solutions and controlling traffic according to environmental 
criteria 
Solutions de la circulation intkgrke et contr6le du trafic suivant les crit6res 
environnemen taux 
Soluciones de circulacion integrada y el control de la circulacion segun 10s criterios 
ambientales 

H. R. Mcharek 
Ministry ojEquipment and Housing, Tunis, Tuiiisiu 

ABSTRACT: During The last SO years, cities have developed rapidly. If we take the view that economic 
growth, prosperity and freedom in the World call for high individual mobility, we must take actions to opti- 
mally organise traffic iinmediatly and in the future and, in doing so, then we must integrate all means of traffic 
available to us and use good and intelligent solutions in order to avoid traffic jams and prevent or reduce their 
negative impact on the environment. 

RESUME: Au cours des SO derrikres annkes, les villes ont connu une expansion trks rapide. Si on tient 
compte du fait que 1a croissance kconomique, la prospkritk et libertk dans le inonde font appel ii une plus 
grande mobilitk des individus, l’on devrait prendre des mesures adkquates pour assurer une organisation op- 
tii-nale et immediate de la circulation et, en faisant ainsi ii I’avenir , I’on devrait intkgrer tous les moyens de cir- 
culation dont on dispose et adopter des solutions judicieuses et intelligentes en vue d’kviter les problkmes 
d’embouteillage et prkvenir OLI rkduire leur impact nkgatif sur I’environnement . 

RESUMEN: A travks 10s ultiinos SO aiios 10s ciudades han conocido una muy rapida expansicjn. Si tamamos 
en cuenta el facto que el desarrallo econcjmico, la prospiridad y la libertad a travks el mundo llaman a permitir 
una mobilidad inis grande a 10s individuos, se debria tomar todas las medidas adecuadas para asegurar una 
organizacicjn optimal e imniediata de la circulacicjn y, haciendo asi en el futuro, hay que integrar todos 10s 
medios de circulacih ya disponibles y adoptar soluciones optimas e inteligentes para evitar 10s 
cinboutellamientos y prevenir o reducir su impact0 sobre el medio ambiante. 

Le inonde coniiait ces dernikres annkes une exten- 
sion et un dkveloppement considkrables des villes. 
Dans la plupart des pays, les villes proches se sont 
confondues et se sont transformkes en vastes rkseaux 
urbains. Au seiii de ces agglomkrations, des millions 
d’individus vivent, travaillent et circulent librement. 
GrBce aux progrks de la technique et i l’amklioration 
du bien etre, ils se dkplacent de plus en plus et rk- 
ciainent sans cesse des libertks de mouvement bou- 
leversant, d’ores et dkjii, le paysage urbain : les vkhi- 
cules et en particulier les voitures, s’engouffrent en 
flux continus dans les villes ou s’kcoulent pknible- 
ment au grk des grands axes routiers. 
Ainsi, ia mobilitk des usagers de I’espace urbain, la 
congestion de la circulation et la pollution de 
I’environnement deviennent des problkmes com- 
muns aux zones et villes i forte densitk dkmographi- 
que ii travers le monde, et ce n’est pas un hasard que 
la ville de MEXICO abrite ce congrks puisque sa 
zone mktropolitaire rassemble 17 millions 
d’habitants et assure 30 millions de dkplacements 

quotidiens d’autant plus que la circulation de 3,2 
millions de vkhicules est 2 l’origine de plus de 
80%de la pollution de I’agglomkration. Seulement et 
comme $a ktk avanck par Dominique Voynet, Mi- 
nistre Franqais de I’environnement ii I’occasion de 
I’opkration <<En ville, sans ma voiture D du 22 Sep- 
tembre 1999, i l  ne s’agit pas d’instruire le procks de 
la voiture ou de condamner sans appel le dksir de 
mobilitk des concitoyens, i l  s’agit bien de repenser 
les dkplacements en ville dans le sens d’un meilleur 
partage de I’espace urbain et des voiries en particu- 
lier. Et c’est bien dans ce cadre, et conformkment au 
thkme principal de la prksente confkrence, que 
s’inskre ma contribution centrke principalernent SUI- 

la gestion intkgrke du trafic urbain et son impact sur 
l’environnement et sur les facteurs associks qui in-  
fluent sur les conditions de vie des populations ur- 
baines. 

~ ~ ~ B ~ E M A T I Q ~ E  ET DEFIS: 
Depuis son origine, I’Etre humain a choisi le parti 

du progrits et de l’autonomie. Dans nos sociktks in- 
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dustrielles orientkes vers les loisirs, le besoin de mo- 
bil i tk es t ex trEmemen t important . 
Cette kvolution s’effectue et va continuer, au moins 
pendant la premikre dkcennie du prochain millknaire, 
B sens unique : davantage de vkhicules et circulation 
en hausse surtout que ]’augmentation du trafic est B 
la fois B I’origine du dkveloppement Cconomique et 
la consiquence de celui- ci. 
Ce processus d’interdkpendance touche toutefois 
d’avantage les transports individuels que les trans- 
ports en commun publics routiers ou ferroviaires. In- 
Cvitable : plus I’Etre humain vit dans une ambiance 
de confort, plus i l  a tendance h s’isoler du monde. I1 
est donc vain de promouvoir exclusivement les 
transports en commun publics. Pas question de nk- 
gliger I’automobiliste qui revendique son indkpen- 
dance. 
Ce besoin de mobilitk est contre carrk par une stag- 
nation de la croissance de ]’infrastructure du trafic. 
Rouler sur autoroute et sur les pkriphkriques ou se 
dkplacer au cceur de villes, I’image d’un entassement 
de vkhicules vient spontankment B I’esprit.. . 
La mobilitk sur nos routes et rues a diminuk considk- 
rablement ces dernittres annkes d’autant plus que la 
situation actuelle au niveau du trafic de la plupart 
dcs villes se caractkrise par : 
* Un manque d’attrait des transports en commun 
publics malgrk les efforts dkployks B cet kgard. 
0 Une saturation des routes et des espaces urbains. 
B Une absence de systkmes de regulation du trafic 
ou une mauvaise coordination de ces systkmes s’ils 
exis tent. 
0 Une pollution klevke associke B une consomma- 
tion inutile des ressources naturelles. 
Pas question de chercher des solutions du c6tk de 
I’expansion du rkseau routier : celui-ci a atteint ses 
limites naturelles dans la plupart des cas. 
Par consequent, scientifiques, ingknieurs et respon- 
sables en matikre de trafic doivent consacrer une 
partie de leurs efforts aux automobilistes et autres 
usagers de tout transport individuel, y compris les 
piktons, et s’atteler B relever les 3 dkfis essentiels qui 
seprksentent : 
1. Prkserver la fluiditk du trafic sur les grands axes 

routiers. 
2. Dkcongestionner le trafic dans les villes. 
3. Intkgrer intelligemment le stationnement au tra- 

fic. 

SOLUTIONS PRUPOSEES ET EEURS IN- 
FLUENCES SUR E’ENVIRQNNEMENT ET 
FACTEURS ASSQCIES: 

I1 est vrai que le fait de chercher des solutions B 
des probkmes d’un ordre nouveau est aussi un dkfit 
que s’emploient ii relever les dkcideurs et acteurs en 
matittre de trafic conscients des excellentes perspec- 
tives qu’offre ce march6 d’avenir, surtout que I’ztre 

humain, I’kconomie et I’environnement sont les en- 
jeux reels au ceu r  du problkme. 
Bien qu’il n’y a pas de solutions miracles pour rk- 
soudre, d’une fqon  radicale, les problkmes posks 
par la circulation, certaines mesures pratiques, 
s’appuyant naturellement sur des modkles mathkma- 
tiques, peuvent Etre prises en vue d’atteindre les ob- 
jectifs d’une gestion moderne de la circulation baske 
sur I’utilisation d’excellentes opportunites offertes 
par I’kvolution considerable et continue de 
I’informatique et Ia rivolution de cette fin du sikcle 
en matikre du numkrique et des nouvelles technolo- 
gies des tklkcommunications. 
L’objectif essentiel de cette gestion moderne de la 
circulation est de rendre le trafic plus supportable, 
plus fluide et plus compatible avec I’environnement. 
Ainsi les solutions-clk suivantes peuvent contribuer 
h relever les defis citks plus haut : 

1. Bien informer les usagers de la route, et B temps, 
par le biais de la tklkmatique appliquke au trafic qui 
est nke du mariage de la tklkcommunication et de 
I’informatique et qui dksigne le matkriel et le logi- 
ciel nkcessaire ii la collecte, au traitement et B la 
transmission des informations relatives au trafic. 
Ces informations, nkcessaires, s’adressant aux usa- 
gers de la routes se divisent en deux categories : 

Les informations “Pretrip“ qui permettent B 
I’usager, avant de se lancer h I’assaut des routes, de 
se renseigner sur la situation du trafic par la radio, 
par Internet, par tklkphone etc.. . . 
* Les informations “Ontrip” utiles B l’usager, alors 
qu’il est en route, pour prendre connaissance de 
I’kvolution du trafic griice Zi des signaux ou des mes- 
sages routiers variables, Zi des terminaux d’informa- 
tions ou encore griice B la radio etc.. , . 
Le recensement des informations (B I‘exemple du 
volume du trafic) peut s’effectuer au moyen de sys- 
tttmes fixes (Cquipements vidko ou B infrarouge, 
boucles klectromagnktiques, systkmes B ultrasons, 
barrikres photoklectriques, etc.. . .) ou mobiles (ob- 
servation akrienne, vkhicules de mesures “floating 
car”, etc..) 
D’autres informations, comme l’kmission de substan- 
ces polluantes, la consommation d’knergie et 1e ni- 
veau sonore, peuvent igalement Etre obtenues B I’in- 
tkrieur du rkseau de contr6le et peuvent alors Etre 
prises en compte pour les dkcisions stratkgiques. 
Toutes ces informations peuvent &re traitkes par un 
ordinateur central qui se charge de fournir aux usa- 
gers des rksultats trtts utiles (itinkraires de dklestage, 
parkings libres, vitesses conseillkes dans les diffk- 
rentes zones de trafic, solutions alternatives, notam- 
ment I’utilisation des transports en commun etc.. .). 
Lutilisation optimale de la tklkmatique (y compris 
I’usage d’Internet) constitue ainsi un instrument pour 
dkcongestionner le trafic au profit d’une mobilitk ac- 
crue et d’une meilleure protection de I’environne- 
ment. 
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Des ktudes ont montrk que, 1h oh de tels systkmes 
existaient, 80% environ des usagers connaissent ces 
informations et 40% les utilisent. 

2. Intervenir dans le trafic pour le re‘guler en 
augmentant surtout l’efficacite‘ de guidage des 
usagers de la route. 

L’usage des technologies de pointe peut permettre 
une signalisation claire et efficace qui prkvient en 
permanence l’usager de la route de tous les dangers 
et kventualitks qu’il peut rencontrer : accidents, tra- 
vaux, bouchons, brouillard etc. ... 
Le jalonnement dynamique permet d’anticiper et 
d’avertir l’usager sur les conditions prCcises qu’il 
rencontrera dans les kilomktres i venir. InformC, il 
peut ajuster sa conduite aux circonstances. Et les 
responsables de la circulation disposent avec ce sys- 
tkme de jalonnement d’un outil de signalisation et 
d’information dynamique performant, interactif, 
pour une meilleure gestion du trafic, au service 
d’une plus grande skcuritk et d’une meilleure presta- 
tion pour les usagers. 
Ainsi, g rke  i un affichage adapt6 des limitations de 
vitesse et des informations routiers, aux signaux de 
direction variables, indiquant meme des itinkraires 
de remplacement, aux donnkes relatives au trafic ou 
5 1a situation mktko enregistrkes h l’aide de capteurs 
divers et au traitement instantank et la visualisation 
de toutes les donnkes, l’usager se trouve inform6 de 
la situation sur les routes et rues avec precision et en 
permanence et aura un panel de choix pour rkagir en 
connaissance de cause et rectifier sa vitesse ou son 
itinkraire afin d’kviter les bouchons, voire en prCve- 
nir la formation, et par conskquent participer h com- 
battre le stress, i Cconomiser le temps et l’knergie et 
i rkduire la pollution sonore et les kmissions pol- 
luantes. 
Au niveau des tunnels, qui nkcessitent des exigences 
spkcifiques en matikre de skcuritk, un ordinateur su- 
perviseur de zone, autonome, assurant 
l’enregistrement et la commande de toutes les don- 
nkes peut permettre la simulation et l’essai de dk- 
roulement rkel d’un programme de rkgulation et 
l’activer en fonction de toutes les kventualitks : acci- 
dent, incendie, bouchon et travaux d’entretien. 
D’une manikre efficace et i coOt moindre, il garantit 
une rkgulation du trafic adaptke h ces kvknements 
prkvus ou inopinks. Dks qu’un danger se manifeste, 
un systkme automatique intervient et le systkme 
permet meme de spkcifier l’affectation de certaines 
voies. 

3. Ge‘rer d ’une maniire judicieuse le stationnement 
et opter en particulier pour des systiines de parking 
inodernes. 

Se dkplacer en ville n’est qu’une facette du pro- 
blkme ... i l  faut aussi pouvoir s’arreter ! . Stationner 
facile, cela permet kgalement d’kviter la paralysie de 
la circulation, l’asphyxie des centres urbains et sur- 

tout la rkduction de la pollution et de la consomma- 
tion d’knergie. 
Un parking, ce n’est pas seulement un espace oh le 
conducteur peut garer son vkhicule. Derrikre le pro- 
blkme de l’accks, qui concerne tout d’abord 
l’automobiliste, se cachent les problkmes auxquels 
les responsables du trafic et les exploitants de par- 
king sont confrontks en permanence. Et surtout, les 
problkmes de gestion des infrastructures. Une tkhe  
qui est loin d’etre simple, puisqu’il s’agit de coor- 
donner les dktecteurs d’occupation, les barrikres 
photoklectriques, les caisses automatiques, les distri- 
buteurs de billets, les ordinateurs ainsi que les logi- 
ciels et l’ensemble du matkriel klectronique. 
Des techniques totalement compatibles et des tech- 
nologies efficaces et konomiques sont en mesure 
d’intkgrer et de coordonner tous ces klkments et no- 
tamment l’enregistrement de l’espace de stationne- 
ment disponible, le guidage de l’automobiliste vers 
un parking prkcis, par le biais de jalonnement dyna- 
mique, le dkcompte du prix, le transfert de donnkes, 
la gestion des erreurs, et d’autres fonctions.. . 
La crkation du programme et l’ktablissement du con- 
cept technique, des itinkraires et du rkseau 
d’information peuvent &tre sur mesure, en fonction 
des specifitis de la ville, puisque chaque ville est 
diffkrente et posskde ses propres structures, sa pro- 
pre topographie et ses propres possibilitks financik- 
res d’autant plus que chaque rkseau urbain se dkfinit 
selon ses caractkristiques propres. 
Sur le terrain, dks la pkriphkrie de la ville, des indi- 
cateurs dynamiques orientent l’usager en quete d’un 
emplacement de stationnement libre. 
Dans le parking, chaque place est kquipke de cap- 
teurs i ultrasons. Toutes les informations arrivent 
continuellement i l’ordinateur qui se charge de la re- 
cherche de places de stationnement ce qui garantit 
un remplissage optimal des parkings. 
Plusieurs avantages apparaissent i travers cette re- 
cherche informatiske: d’une part, cette technique 
renforce la demande g r k e  i une plus grande satis- 
faction des clients, d’autre part, elle permet de rk- 
duire la pollution en diminuant le nombre de vkhi- 
cules i la recherche d’une place de stationnement. 
D’autant plus que l’interconnexion via le rkseau te- 
lkphonique mobile permet aussi d’utiliser des modes 
de paiement par cartes comme Parkcard ou EC etc. .. 
permettant la rkduction des coOts liks ii 
l’encaissement d’ argent liquide. 

4. Re‘agir rapideinent aux impre‘vus et ntettre en 
Euvre des moyens techniques, intelligents, capable 
de re‘gler la circulation pour tous les usagers (y 
compris les transports publics). 
Les conditions de circulation routikre kvoluent en 
fonction des paramktres variables. La densitk du tra- 
fic diffkre selon les saisons, les jours et les heures. 
L’environnement change : brouillard, pluie, vent, 
travaux, accidents, saturation, ralentissements etc. .. 



Peut-on imaginer ainsi un pilote d'avion sans prkvi- 
sions, sans tours de contr6le ? 
LE systkme idkal serait un concept global intkgrk qui 
permet de rkgler l'ensemble de la circulation de ma- 
nikre cohkrente et d'harmoniser en conskquence les 
flux de circulation urbains. 
L'aspect essentiel de ce systitme intkgrk est la coor- 
dination totale entre transports individuels, trans- 
ports en commun publics, piktons et cyclistes. Ainsi 
les mesures actuelles visent naturellement h privilk- 
gier l'utilisation des transports en commun urbains 
et le systkme intkgrk peut y s'adapter sans problkme 
en limitant les temps d'attente aux feux de circula- 
tion pour les bus, les tramway ou les mktros ou en 
leur donnant 1a prioritk et sans arret aux feux et cela 
par une intervention dans la rkgulation. 
L'utilisation intelligente des moyens informatiques, 
des techniques de dktection et des nouvelles tech- 
nologies des tklkcommunications permet la centrali- 
sation de toutes les informations souhaitkes et le 
transfert des donnkes relatives au trafic. Un ordina- 
teur central analyse les donnkes obtenues et livre ses 
rksultats qui permettent de proposer les mesures de 
rkgulation du trafic nkcessaires, en fonction de cha- 
que situation. Cette technologie disponible et fiable 
est capable de dktecter les problkmes au sein de la 
circulation et de les rksoudre de manikre rapide et ai- 
ske. Ainsi la possibilitk de la libre programmation 
permet de rksoudre tous les problkmes qui se posent 
auJo~ird'hui dans le cadre du fonctionnement adap- 
tatif et de Ia rkgulation privilegiant les transports en 
commun urbains. Et ce-ci par le biais de l'kvaluation 
dcs courants de circulation en analysant les diffk- 
rentes variables de mesures (intervalle vkhiculaire, 
durke d'occupation, etc. ..) provenant des diffkrents 
dktecteurs ou des demandes de phase des transports 
en commun. 
Le systkme intkgrk prkconisk, griice i sa conception 
niodulaire, convient aux villes de toute envergure et 
peut s'installer et se dkvelopper progressivement en 
s'adaptant aux besoins de I'exploitant et en suivant 
l'kvolution de la ville sans remise en cause des 
structures initialement mise en place (ouverture de 
nouveaux parkings et de nouvelles voies, amkliora- 
tion de la capacitk des infrastructures existantes, 
nouvelles implantations de panneaux et de feux 
etc. ..). 
Une configuration rkduite du systkme pourra, par 
exemple, servir ii I'estimation des origines et des 
destinations sur la base des valeurs chiffrkes dispo- 
nibles, enregistrkes en temps diffkrk ou en temps 
reel. I1 est envisageable aussi de transmettre des in- 
formations relatives aux engorgements du trafic et 
aux capacitks de stationnement encore disponibles 
au cas par cas. Dans de tels cas le logiciel h conce- 
voir ne nkcessite pas forcement un ordinateur spkci- 
fique et pourra etre intkgrk au poste de travail d'un 
sou s-s ystitme dkj h exist ant. 
Lintroduction progressive d'un systkme de gestion 

du trafic est ainsi possible sans aucune difficult6 et 
sans entrainer de double investissements. 
Cette manikre de prockder prksente meme I'avantage 
de pouvoir accumuler progressivement une expk- 
rience dans le domaine de la technique de circula- 
tion, de I'informatique et de ]'organisation, qui sera 
utile lors des extensions du systkme. 
Ce systkme de gestion intkgrke (SGI) dont les fonc- 
tions principales sont les suivantes: 
- Visualisation des donnkes du trafic et d'exploitation 

intkgrkes, gknkralement, au rkseau routier numCri- 
sk. 

- Modklisation de la situation momentanke du trafic 
et de I'environnement i I'kchelle du rkseau et son 
pronostic i moyen terme. 

- Dkfinition des consignes stratkgiques et des plans 
d'action, sur la base de la situation qui se prksente 
en temps rkel, pour la rkgulation et la coordination 
des sous systkmes. 

-Transmission en diffkrk ou en temps rkel d'infor- 
mations routikres pour diffkrents services (radio, 
Minitel, Internet, tklktexte, colonnes d'information, 
presse, prestataires de service etc. ..) 

- Organisation de I'intkgration et de l'interconnexion 
de tous les sous-systkmes de rkgulation et de con- 
tr6le du trafic (ordinateurs de rkgulation du trafic, 
de gestion des tunnels, de Jalonnement dynamique 
des parkings etc. .., systkmes de contr6le des che- 
miiis de fer, de gestion de chantiers, d'information 
sur l'environnement, d'aide i l'exploitation des 
transports en commuii etc. ..) 

peut avoir diffkrentes architectures et se prksenter 
selon plusieurs structures dont les plus courantes 
sont: 
a Une structure hikrarchique monocentrique (voir 
fig 1):  convient pour la rksolution de problkmes d'in- 
formation et de gestion dans un rkseau constituk de 
diffkrents systkmes subordonnks ou la prise de dkci- 
sions s'effectue selon uiie hikrarchie. 

Une structure hikrarchique polycentrique (voir fig 
2): qui peut rksoudre les problkmes dans une agglo- 
meration cohkrente (ou un ensemble supra-rkgional 
d'informations et de tiiches) par le biais des dkcisions 
prises selon une hikrarchie avec I'accord des postes 

Une structure coopkrative dkcentraliske (voir fig 
3): les dkcisions sont prises en coopkration avec les 
systkmes intkressks, suivant un accord, par l'kchange 
d'informations et des stratkgies de coopkration dkfi- 
nies. 

oisins et d'un kventuel poste supkrieur. 
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nkcessaires h la prise de decision aux usagers de la 
route et aux responsables de la regulation du trafic. 
I1 est ainsi primordial d’installer des systkmes de 
pointe, capables de rkguler intelligemment la 
circulation, sous peine de mettre en piril la mobilitC 
des usagers de la route et de paralyser le cam- des 
villes. 
La longCvit6 des grands centres urbains depend 
surtout de leur capacitk h rendre la circulation 
possible et aux moindres deg8ts pour 
l’environnement. Et je  cites h ce sujet le programme 
europken Auto-oil de reduction des emissions de 
vehicules qui est un nouveau plan de lutte contre 
l’effet de serre. D’ailleurs, 40% des efforts privus au 
sommet de KYTO portent sur les transports d’autant 
plus que la future kcotaxe sur l’energie ainsi que les 
plans de deplacements urbains devront Stre 
approuves prochainement (le 30 juin 2000). 

fig3 

Cette flexibilitk, au niveau des structures du systkme 
et des mkcanismes de mise au point, offre de nom- 
breuses possibilitks de construction progressive de 
systkmes d’information et de gestion. Le systkme 
peut aussi, sans aucun problkme, se developper pa- 
rallklement aux exigences de l’environnement et des 
exploitants du systkme. 
Des structures plus complexes peuvent ainsi egale- 
ment Stre dkveloppkes dans le cadre d’une strategic 
d’evolution globale. 

CONCLUSION : 
La gestion integree du trafic utilisant les nouvelles 
techniques et technologies en matikre d’information 
et des tklkcommunications prksente des avantages 
considirables aux agglomerations urbaines tels que : 
-La garantie de la skcurite du trafic et des usagers 

-Une mobilit6 aisCe et accrue. 
-Une rkduction substantielle des facteurs du stress. 
-Une limitation des facteurs causant la degradation 

de l’environnement tels que la pollution sonore et 
les emissions polluantes. 

-Une economie significative des ressources 
naturelles et en particulier de 1’Cnergie. 

-Une amelioration du cadre de vie et de la sant6 des 
populations. 

Des etudes du trafic ont montr6 qu’une utilisation 
bien meilleure de l’infrastructure routikre etait 
possible, gr8ce aux systkmes de gestion intkgrke du 
trafic permettant 1’Cchange d’informations entre les 
systkmes de regulation du trafic les plus varies et le 
recours h de nouvelles methodes d’analyse et de 
previsions qui, en permanence, constituent des aides 

des routes et des espaces urbains. 
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Transportation management issues for developing countries 
Gestion de transport pour les pays en voie de developpement 
Gerencia del transporte en paises en vias de desarrollo 
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R. Boenau 
Federal Transit Administration, Washington, D. C., USA 

ABSTRACT: As developing countries experience leaps in population growth, they are faced with the chal- 
lenges placed on their transportation systems by that growth. These countries have access to the technologies, 
methods, successes, and failures of developed countries, especially in the area of Intelligent Transportation 
Systems (ITS). This paper discusses the problems and the experiences involving transportation management, 
technologies, and institutional-related issues in implementing various management strategies, and offers les- 
sons learned to developing countries. 

RESUME: Comme les pays en voi de developpement subissent des sauts de croissances de population, ils 
rencontrent des difficultes dans leurs systemes de transports causees par cette augmentation. Ces pays ont ac- 
ces aux technologies, methodes, succes, et echecs des pays developpes, surtout dans le domaine de STI. Cet 
article presente les difficultes et les essais d'implementer divers strategies concernant la gestion de transport, 
les technologies, et les sujets d'origine institutionelle qui permets aux pays en voi de developpement de 
profiter des experiences acquises. 

RESUMEN: Mientras que la experiencia de 10s paises en vias de desarrollo salta en el crecimiento de la PO- 
blacion, se hacen frente con 10s desafios puestos en sus sistemas del transporte por ese crecimiento. Estos 
paises tienen acceso a las tecnologias, a 10s mktodos, a 10s exitos, y a 10s incidentes de paises desarrollados, 
especialmente en el Brea de 10s sistemas intelligentes del transporte (ITS). Este papel discute 10s problemas y 
las experiencias que implican la gerencia del transporte, tecnologias, y ediciones de institutional-related en 
poner varias estrategias de la gerencia en ejecucih, y ofrece las lecciones aprendidas a 10s paises en  vias de 
desarrollo. 

1 INTRODUCTION 

Government and industry around the globe are cur- 
rently faced with the challenge of meeting a rapidly 
growing demand for transportation services while 
minimizing the adverse energy and environmental 
impacts. Currently, developing countries are experi- 
encing leaps in population growth, and they also 
have increased access to technological advances 
from industrial countries. This combination has both 
advantages and disadvantages. On one hand, it en- 
ables countries to get up to speed quickly, not hav- 
ing to develop products, systems, etc., from scratch. 
On the other hand, many of the available technolo- 
gies, such as the automobile, have many supporting 
requirements that, if not in place, can cause more 
problems than they solve. Essentially, a transport 
system consists of two sides: the supply side and the 
demand side. For example, Mexico City has devel- 
oped rapidly in the last 60 years, growing from 1 to 

17 million inhabitants. During this same period, the 
metropolitan area has developed at a slower pace 
technologically; roadways, transit systems, etc., 
have not kept up with the availability of or demand 
for motorized transportation. During this same time 
period, the automobile has gone from a product 
available to only the very affluent, to one available 
to the masses. Mexico City, as have many cities in 
developing nations, has essentially leap-frogged the 
infrastructural development period; the transport 
system necessary to keep up with the easy availabil- 
ity of the automobile is not in place. 

Transportation management is the process that 
attempts to manage or balance the needs of the users 
with the available transportation resources. This pa- 
per presents some background on why advanced 
countries, specifically the United States, have looked 
to various transportation management strategies to 
help address congestion problems, and presents 
some techniques and technologies available to SUC- 
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cessfully implement a management strategy that 
may also be appropriate to developing countries. 

2 THE TRANSPORTATION SYSTEM 

A transportation system is comprised of two compo- 
nents: available transportation resources, or the sup- 
ply component; and the needs of the users, or the 
demand component. Each of these encompasses a 
number of elements as described below. 

2.1 Supply 

On the supply side, there are two primary sources, 
and a number of secondary sources. The first pri- 
mary source is the road system, which is shared 
between automobiles, trucks and transit (buses). 
Often closely associated with these sources are bike 
paths and pedestrian walkways, which are the sub- 
ject of a number of the management solutions. The 
second primary source are rail systems, which in- 
cludes both transit and freight. Among the secondary 
sources are air space, waterways, etc., though these 
are not the topic of this paper. 

Variations and modifications to these supply-side 
sources are such things as bus rapid transit (BRT), 
high occupancy vehicle (HOV) lanes, and mixed 
corridor operations (transit-rail and freight-rail 
sharing the same tracks). The goal of these tech- 
niques is to maximize utilization of infrastructure to 
improve traveler safety, service, and satisfaction. 

2.2 Demand 
On the demand side are the users. They need to 
travel from origin to destination using the available 
supply of transportation assets. These trips are made 
using various modes, including automobile, buses, 
trains, bicycles, walking, etc., and are needed at 
varying times of the day or night. 

3 THEPROBLEM 

Regions run into problems with congestion when the 
demand exceeds the supply. This sounds basic, and 
it  is, though somehow it is often overlooked and so 
bears repeating. A region cannot have more demand 
than supply without having breakdowns somewhere 
in the system. The challenge is to accommodate all 
users’ needs to travel with the available supply, 
while maintaining acceptable levels of service and 
customer satisfaction. 

4 EXPERIENCE 

have gone before them, and learn from the mistakes 
that have previously been made, so as not to make 
those same mistakes. Of prime example is the 
United States (US). Early in its history, the US tran- 
sitioned from an agricultural (rural) to an industrial 
(urban) economy and country. Populations migrated 
to cities, leaving farms to find manufacturing jobs. 
Transport was still primitive; the car had not been 
developed yet, so people tended to live near their 
jobs. As the automobile became more generally 
available, and the post WWII economy began to 
boom, people began to migrate to the suburbs. Land 
was available for both residential and transportation 
uses, and the populations had not yet reached levels 
where congestion was considered a problem. The 
suburbanization of the country was on, with little 
acknowledgement of the need for organized plan- 
ning, or transit systems in place (though some cities, 
like New York and Chicago early on had transit rail 
systems, and expanded them as they could). The 
philosophy was “you can build your way out of con- 
gestion”, and this became the predominant method 
for trying to alleviate congestion. More and more 
roads were built, though the problems with conges- 
tion continued. Slowly this continued roadway ex- 
pansion is being recognized as only a short term so- 
lution. In the late 1960’s the United States began to 
realize the need for transportation management. 
Some of the developing countries are now just be- 
ginning to recognize that more roads are not the an- 
swer, and that other ways need to be explored to 
handle transport demand. 

As transportation problems receive more and 
more attention in advanced countries, so do the at- 
tempts to solve them. Many advances, techniques, 
methods, etc., have become available, or been modi- 
fied and improved, and are being looked upon to 
mitigate congestion problems. The challenge is to 
determine which ones will work, whether or not they 
are applicable, in what situations, and in what com- 
binations. The remainder of this paper discusses 
some strategies that may be promising possibilities 
for developing countries in dealing with transporta- 
tion issues. 

5 TRANSPORTATION MANAGEMENT ISSUES 

A number of techniques and technologies are avail- 
able that can be included in an overall transportation 
management strategy. Some of these are traditional 
travel demand management (TDM) techniques im- 
plemented using supporting technologies, while oth- 
ers take advantage of advances in technology to in- 
crease supply. Not all may applicable in a given re- 
gion. 

Developing countries are in an excellent position to 
take advantage of the experiences of countries that 
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Figure 1 - Transportation Diagram 

The figure above shows how TDM, other meas- 
ures, and new technologies relate to each other and 
to the transportation system, and lists some of the 
goals and objectives of transportation management. 

5.1 Traditional TDM 
Travel demand management programs are designed 
to maximize the people-moving capability of the 
transportation system by increasing the number of 
persons in a vehicle, or by influencing the time of, or 
need to, travel. To accomplish these types of 
changes, TDM programs rely on incentives or disin- 
centives to make these shifts in behavior attractive. 
In general there are a number of TDM measures, 
falling into three basic categories, that are designed 
to promote this shift in travel behavior. Below are 
described the different strategies available as part of 
TDM. 

5.1.1 Improved Alternatives 
If we desire to reduce the demand for single- 

occupant vehicle travel, then we must maximize the 
availability and quality of the basic alternatives of- 
fered to the traveler. Such measures include transit 
service improvements (e.g. new services and transfer 
centers); carpool and vanpool programs (automobile 
owners each in turn driving hidher own car or com- 
pany-provided van and carrying other passengers); 
and bicycle/pedestrian facilities and site improve- 
ments. 

5.1.2 Incentives and Disincentives 
Despite our best efforts to develop alternatives to 

the single occupant vehicle (SOV), characteristics of 
the current land use and policy environment convey 
significant advantages to SOV users. In order to 
make the alternatives sufficiently attractive to en- 
courage their use, it is necessary to consider various 
inducements that would cause the traveler to re- 
evaluate hidher choices. Such inducements include 
employer sponsored transit programs; HOV (high 
occupancy vehicle) lanes; fare bonus programs; 
rideshare, transit, and other subsidies (government 
grants); parking supply and pricing management; 
and tolls and congestion pricing. 

5.1.3 Alternative Work Arrangements 
A somewhat different type of alternative to 

shifting travelers to HOV travel modes is shifting 
the time of travel from congested peak periods, or 
reducing the actual frequency of travel by changing 
the underlying need to travel to a worksite on a daily 
basis. Such measures might include flexible work 
schedules; compressed work weeks; and telecom- 
muting. 

5.2 Emerging Methods 
A number of methods are coming on the scene that 
do not fall completely beneath the TDM umbrella, 
or are extensions and combinations of different 
strategies, both TDM and non-TDM. 

5.2.1 Transit Oriented Development 
“People do not plan to fail, they just fail to plan.” 

This is true regardless to what one applies it. Fi- 
nances, football games, transportation. The common 
theme is without planning, it will fail. Transit ori- 
ented development (TOD) is one such philosophy of 
transportation planning. Today as communities look 
for ways to regain what was lost when they went 
suburban, they find TOD. 

Part of this is an effort that the €TA initiated in 
I994 called the Livable Communities Initiative, 
which encourages communities to build transit fa- 
cilities and services that are customer-friendly, 
community-oriented, and well-designed. The facili- 
ties and services should reflect community needs 
and community-based partnerships. Federal money 
is made available for redevelopment and revitaliza- 
tion efforts. 

Recently the San Diego, CA Metropolitan Transit 
Development Board adopted a policy to more easily 
coordinate transit and land use planning in an effort 
to make areas more pedestrian friendly. 

5.2.2 Station Cars 
The station car concept is a new form of mobility. 

Station cars environmentally sensitive (electric or ef- 
ficient internal combustion vehicles) driven to and 
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from mass transit stations by transit riders. They are 
an extension of mass transit, providing the same in- 
stant - yet more convenient - mobility as conven- 
tional vehicles. While away from the station, they 
can be used for any type of short trip. A station car 
system will be designed to support the specific 
transportation needs of each community. 

Station cars might be particularly effective with a 
populace that is not yet dependent on, or infatuated 
with, the personal automobile. 

5.2.3 Trunsit Management Centers 
Transit management centers enable regions to co- 

ordinate all of their transit operations from a single, 
integrated location. Scheduling, routing, vehicle 
tracking, and demand tracking can be monitored and 
controlled in real-time. A natural extension of this is 
a transportation management center, which would 
bring all transportation operations, both transit and 
highway, under a single roof. With this all systems 
could be coordinated and optimized as a single op- 
eration. 

5.3 Enuhling Technologies 

Until recently, many of the measures described 
above were impractical or impossible to implement, 
simply because the supporting technologies were not 
available, or were too expensive, to permit imple- 
mentation. This forced many regions to search for 
and accept alternatives that were not optimal, but 
could be implemented relatively easily and inexpen- 
sively. For example, the availability of inexpensive 
toll tags enables easy implementation and monitor- 
ing of strategies such as congestion pricing and hot 
lanes, whereas before these methods were expensive 
or untenable. Advances in technology, and reduction 
in prices, is now enabling regions to consider all 
measures when striving to reduce congestion and 
improve transportation. 

5.3.1 Intelligent Transportation System (ITS) Tech- 
nologies 

Intelligent transportation system technologies is 
an umbrella term that includes existing communica- 
tions and information-based technologies as applied 
to transportation systems, and new technologies de- 
veloped specifically for transportation applications. 
Such systems automatic vehicle location (AVL) 
systems, which are enabled by the global positioning 
system (GPS); collision avoidance and pollution 
monitoring systems, which are enabled by various 
detection methods (microwave, acoustic, laser); and 
toll tags, signal priority/preemption, and remote 
monitoring of vehicles, which are enabled by dedi- 
cated short range communications (DSRC). These 
systems facilitate effective implementation of many 
of the transportation management methods described 
earlier. 

5.3.2 Communications Based Train Control 
(CBTC) 

CBTC systems have existed since the early 
1970's, and are an alternative to the traditional 
fixed-block track signal operations. CBTC is a train 
control system that uses continuous bi-directional 
communications between trains and wayside com- 
puters, and does not require track circuits for its op- 
eration. Key goals and objectives of CBTC systems 
include increased capacity through reductions in 
headway; streamlining of operations; improved 
safety; significant capital cost savings for new or 
expanded systems; operations and maintenance 
(O&M) cost savings through more easily maintained 
equipment and reduced labor requirements; and op- 
erational flexibility. CBTC enable transit agencies to 
manage their systems and demand much more effi- 
ciently, and coordinate operations between rail and 
other modes more effectively. 

A number of CBTC systems have been installed 
in Europe, and are beginning to be implemented in 
the United States. 

5.3.3 Alternative Propulsion 
A number of alternative fuels that burn cleaner 

than diesel have been around for a number of years, 
though because of their typical higher costs have re- 
ceived little attention. Today, however, with en- 
hanced sensitivity to environmental issues such as 
air and water pollution, they are receiving more at- 
tention. Alternative fuel buses - led by compressed 
natural gas (CNG) - are becoming more common in 
transit fleets all around the nation. Today's genera- 
tion of CNG buses are working well - providing 
safe, efficient and reliable transit service, as well as 
significant emission reductions. In many cases, there 
operating costs are comparable or less than the die- 
sel buses they are replacing. 

Within the last decade, fuel cells have emerged as 
one of the most promising technologies to meet the 
clean transportation challenge (by potentially re- 
placing the internal combustion engine in all areas of 
ground transportation). Fuel cells, with their char- 
acteristic high efficiency, very low or zero emis- 
sions, and fuel flexibility, offer the best prospects for 
a vehicle that will produce very low levels of pol- 
luting emissions, utilize energy from se- 
cure/renewable sources, and be economical, enjoy- 
able, and safe to drive. This especially true when 
applied to fleet vehicles, with corresponding econo- 
mies of scale. 

6 INSTITUTIONAL ISSUES 

Because of the manner in which transportation sys- 
tems developed here in the United States, govern- 
ment agencies at all levels, from planning to traffic 
to transit, as well as other public and private sector 
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interests have seen little need for cooperation 
amongst themselves. But as attention focuses more 
and more on transportation problems, these institu- 
tional relationships come under greater and more 
intense scrutiny. Public sentiment calls for coordi- 
nation and cooperation where in many cases previ- 
ously none existed. This is reflected in the emer- 
gence of transit oriented development, which 
requires both public and private sector agencies to 
work together to implement successful TDM strate- 
gies. It is also reflected in the growth of transporta- 
tion management associations (TMA). A TMA is a 
proactive organization formed so that employers, 
developers, building owners, local government rep- 
resentatives, and others can work together and col- 
lectively establish policies, programs and services to 
address local transportation problems. The need for 
TMAs stems from a realization that the business 
community has a great influence on transportation 
demand management solutions. TMAs attempt to 
solve transportation problems by providing services 
directly to members or by providing a vehicle for 
organized private sector involvement into public 
sector planning, decision-making, and projects. To 
avoid confusion, TMAs are not a TDM strategy in 
and of themselves; they are institutional mechanisms 
to implement TDM strategies. 

Recently the US Department of Transportation 
(DOT) recognized that transportation issues encom- 
pass all modes together. Within DOT are agencies 
that individually manage highway, rail, and transit 
related issues. The One DOT concept was ‘intro- 
duced in the DOT Strategic Plan, and stated simply, 
encourages the Operating Administrations to “work 
better together.” It builds on the strengths and tech- 
nical expertise of each Modal Administration and 
encourages collaboration and integration, when nec- 
essary and applicable. Other institutional issues in- 
clude cooperation with and accountability of private 
industry. For example, in Atlanta a major employer 
recognized that transit accessiblity was an important 
issue for many of its employees. They have since 
coordinated with MARTA to locate a major opera- 
tions center at an existing, under-developed 
MARTA station. This effort required action, coop- 
eration and compromise on all institutional levels, 
both public and private. However, the end result will 
save much more overall than the initial costs. 

7 SUMMARY/CONCLUSION 

at all jurisdictional and community levels, and does 
not favor a single solution, or set of solutions, sim- 
ply because they are the more politically expedient 
or provide the best short term benefit. 

Availability of state of the art technologies makes 
implementation of successful transportation man- 
agement methods easier and more effective than 
when these techniques were first developed. In ad- 
dition, these strategies can be a more cost effective 
means, and a more environmentally sensitive 
method of utilizing existing transportation resources, 
as opposed to the traditional “build more roads” ap- 
proach. This means that developing countries can 
avoid the learning curves and mistakes associated 
with various methods and strategies, and select those 
that apply to their situations. 
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Developing countries can learn from the mistakes of 
others who have faced the transportation problems 
like congestion, urban sprawl, etc. Successful trans- 
portation management is not a one-sided affair; a re- 
gion cannot simply look to one side of the transpor- 
tation equation for a solution. Management requires 
a holistic approach, one that begins with cooperation 
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ABSTRACT: This research aimed at the study of morning peak’s vehicle occupancy rate of passenger cars 
entering into Bangkok’s city center through the city’s at-grade road network. Occupancy rate of pick-up 
vehicle was included into its investigation due to its popularity for passenger usage especially during the peak 
hours period. Analysis data was collected on 24 entrances into the city center along Ratchadapisek ring road 
which was used as Cordon line surround the city center. Vehicle occupancy rates were analyzed for different 
types of these passenger vehicles, which were classified into private passenger car, private pick-up, and public 
taxi. The difference between occupancy rate of private and public passenger vehicles were analyzed together 
with the overall vehicle occupancy rate for all of the vehicle types. Time series analysis of occupancy rate of 
each type of vehicle was also presented in this paper. 

1 INTRODUCTION 

The long queues of vehicles created by congesting 
traffic on almost every road leading to the city center 
are the common view that can be seen in every 
morning in Bangkok. This problem comes from too 
many cars on the roads, and the most importance of 
all is that there are very few passengers in each car. 
This research, therefore, was aimed at the study of 
occupancy rate of passenger in the private vehicles 
that included private passenger car, and private pick- 
up that is popularly used for passenger purpose 
during peak hours period in Bangkok. Taxi, which 
is the public passenger car, was also under the 
investigation. 

2 STUDY SITES AND TYPES OF STUDY 
VEHICLE 

Ratchadapisek Ring Road was used as Cordon line 
surrounding Bangkok city center. There were 24 at- 
grade intersections along this ring road that could be 
used to enter into the city center. Therefore, data for 
this study was collected on each of these at-grade 
intersections for the period of one hour during the 
morning peak hours period between 6.00 am. to 9.00 
am. 

Two types of private vehicle were investigated, 
namely, the private passenger car, and private pick- 

up. In Thailand, this pick-up is not only used to 
delivering goods but also for passenger purpose 
especially during the peak hours period in the cities. 
Another type of passenger car that used for public 
service or taxi was also included into this study due 
to its similar characteristics of passenger usage. 

Data collection was done for the number of 
persons (passengers and driver) in each type of 
vehicles. This data was collected at each intersection 
of the 24 entrances to the city center, and then was 
enter into the processes of occupancy rates analysis. 

3 ANALYSIS OF OCCUPANCY RATES 

Occupancy rates of vehicles were analyzed in term 
of average number of passengers including driver or 
numbers of persons occupy each particular type of 
vehicles. This study investigated into three types of 
vehicular occupancy rates, namely, occupancy rate 
of each vehicle type, occupancy rates of private and 
public vehicles, and finally, the overall occupancy 
rate of all vehicles. 

3.1 Occupancy rate of each vehicle type 

The analysis of each type of vehicle’s morning 
occupancy rate entering the city center can be 
mathematically described as the followings. 
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where OR ( i = occupancy rate of vehicle type i 
(persons/vehicle); P ( i = total number of persons in 
vehicle type i (persons); N ( i = total number of 
vehicles in vehicle type i (vehicles); i = vehicle type 
i; i = 1 (private passenger car)(PC), i = 2 (private 
pick-up)(PU), and i = 3 (public taxi)(TX) 
and 

where p (i) j = number of persons in each vehicle j 
of vehicle type i; j = the j vehicle 

Results of this occupancy rate analysis for each 
type of vehicle together with the summarized results 
of distribution analyses of number of vehicles in 
each group of occupied persons per vehicle for 
passenger car, pick-up, and taxi are shown in Table 
1. Figure 1 shows the plot of occupancy rates of 
passenger car ,  pick-up, and taxi respectively. From 
this morning peak period analysis, The lowest 
occupancy rate of 1.574 personsheh appeared in 
passenger car. Pick-up’s occupancy rate was in the 
middle of all three types of vehicles under the study 
with the value of 1.721 personsheh. Taxi gave the 
highest occupancy rate of 2.009 personsheh, which 
was due to its public service characteristics and also 
the high demand of ridership during this peak hours 
period. 

Figure 1 .  Occupancy rates of passenger car, pick-up, and taxi 

3.2 Occupancy rate ofprivate and public vehicles 

public vehicles. 
this analysis can be defined as the followings. 

OR(,) - 

The mathematical description of 

P m ,  

N ( m )  
(3  1 - 

and 

(4) 

where OR (m) = occupancy rate of vehicle class m 
(persons/vehicle); P (m) = total number of persons in 
vehicle class m (persons); N (m) = total number of 
vehicles in vehicle class m (vehicles); P ( m > n  = 

number of persons in any vehicle n of vehicle class 
m (persons); m=vehicle class m, m = 1 (private 
vehicle (passenger car and pick-up), and m = 2 
(public vehicle or taxi); n = any vehicle n in vehicle 
class m. 

The analysis results of these private and public 
vehicles’ occupancy rates are shown in Table 1. The 
comparative plot of occupancy rates of private 
vehicle, public vehicle, and the overall vehicle types 
are shown in Figure 2. From the results of this 
analysis, the private vehicle group gave the lowest 
occupancy rate of 1.599 personsheh. This private 
vehicle occupancy rate was much lower than that of 
the public vehicle group (taxi), which gave the 
occupancy rate value of 2.009. This very low value 
of private vehicle occupancy rate implied that only 
one person occupied many of these private vehicles, 
which included passenger car and pick-up, during 
the morning peak hours period, and the average 
value of 1.599 persons occupied all of these private 
vehicles in entering into Bangkok city center during 
this period of time. 

This research also extended into the study for the 
difference between occupancy rates of private and Figure 2. Occupancy rates for private, public, and all vehicle 

groups 
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Table 1. Occupancy rate of each type of vehicle, group of vehicles, and all vehicles during the morning peak period 

MORNING PEAK HOURS PERIOD ( 6.00 A.M. - 9.00 A.M. ) 

Sum Vehicles 

79,346 

16,285 

12,491 12,491 

108,122 

95,631 

I I No. of Veh. in Each Group of Occupied Persons in A Veh. Occupancy Rat( 

(PersonsNeh.) 
Sum Persons 

124,927 1.574 

28,025 1.721 

25,098 25,098 2.009 2.009 

178,050 1.647 

152,952 1.599 

Vehicle Types 
1 2 3 4 5 6 7  

Private Passenger Car 

Private Pick-up 

Public Taxi 

Total Vehicles 

43,486 28,449 5,514 1,547 303 31 16 

7,174 7,149 1,481 333 113 32 3 

4,515 4,761 2,217 657 274 57 10 

55,175 40,359 9,212 2,537 690 120 29 

3 .3  Overall occupancy rate of all vehicles 

The final analysis of overall occupancy rate for all 
combined types of vehicle during this study period 
were then analyzed with the following analytical 
formulas. 

P (overall) 

N ( overall) 
OR ( overall = 

and 

P (overall) = P (PC) + P (PU) + P (TX) (6) 

N (overall) = N (PC) + N (PU) + N (TX) (7) 

where OR (overall) = overall occupancy rate of all 
vehicles (personshehicle); P (overall) = total number 
of persons in all vehicles (persons); N (overall) = total 
number of all vehicles (vehicles); P (PC), P (PU), P 
(TX)= total number of persons in passenger car, 
pick-up, and taxi respectively; N(PC), N(PU), N(TX) 
= total number of vehicles for passenger car, pick- 
up, and taxi respectively. 

This overall occupancy rate result and the 
distribution of number of vehicles in each group of 
occupied persons per vehicle for all types of vehicles 
are also shown in Table 1 and Figure 2 respectively. 
The low overall occupancy rate value of 1.647 
personsheh, as shown in this analysis, meant that 
there were only an average of 1.647 persons 
occupied in every four wheel motor vehicle to the 
total amount of about 108,122 vehicles entering 
Bangkok city center through the 24 entrances during 
the morning peak hours period. This is one of the 
main reasons behind the heavy traffic congestion in 
the city of Bangkok especially during the peak hours 
period. 

Figure 3. Distribution of occupancy rates of passenger car, 
pick-up, and taxi over time during peak hours period 

3.4 Distribution of occupancy rates over time 

The time series of passenger car, pick-up, and taxi 
occupancy rates together with the occupancy 
rates of the groups of private, public, and all vehicles 
were analyzed. This analysis was done in order to 
investigate the distribution characteristics of each 
particular type of vehicle’s occupancy rate in 
relation to the hourly interval in the morning peak 
hours period. Results of time series analysis for 
occupancy rates of passenger car, pick-up, and taxi 
are shown in Figure 3 ,  and the time series analysis 
for the groups of private vehicles, public vehicles, 
and all vehicles are shown in Figure 4. These results 
show that occupancy rate of passenger car decrease 
with the increasing of time period in the three time 
periods of 6.00-7.00, 7.00-8.00, and 8.00-9.00 
during the peak hours period. For pick-up and taxi, 
occupancy rates over time do not show any 
significant variation during this morning peak 
period. However, the occupancy rates of all vehicle 
types decrease with the increasing of hours during 
this peak period. This distribution characteristic of 
all vehicle types over time are highly influence by 
that of passenger car, since amount of passenger car 
accounts for about 83% of the total vehicles during 
this morning peak period. 
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Figure 4. Distribution of occupancy ratees of private vehicles, 
public vehicles, and all vehicles over time during peak hours 
period 

3.5 Distribution of number of vehicles in each 
group of occupiedpersons in a vehicle 

Investigation was also given to the analysis of how 
many vehicles were in each group of occupied 
persons. The occupied persons in a vehicle were 
classified into 7 groups from 1 persodvehicle to 7 
personshehicle respectively. The distribution 
results of this analysis are shown in Table 1 and 
Figure 5 respectively. 
From these analysis results, the highest vehicle 
numbers appears in the group of one persons/vehicle 
for both private passenger car and private pick-up. 
Only one person or the driver himself occupies more 
than halves of total passenger cars, which are 43,486 
out of 79,346 cars. This highest number is about 1.5 
times and 7.9 times of the second and third ranked of 
two and three personshehicle respectively. For 
pick-up, the group of one persodvehicle is slightly 
more than the two personshehicle group with the 
results of 7,174 and 7,149 pick-ups respectively. 

Figure 5. Distribution of number of vehicles in each group of 
occupied personshehicle 

However, these values are about 5 times of the third 
ranked of three persons/vehicle group. Results from 
public taxi analysis show the interesting out come 
with the highest frequency occurs at the group of 
two persons/vehicle. This number of 4,761 taxis is 
more than the second ranked of one persodvehicle 
for about 5.4 %, and it is about two times of the 
value from the third ranked of three personshehicle 
group. For total vehicle analysis, the group of one 
persodvehicle gave the highest frequency of 55,175 
vehicles which is about 51% of the overall four 
wheel vehicles of 108,122 in this study. This 
number is about 1.3 and 5.9 times more than the 
values of the groups of two and three 
persons/vehicle respectively. 

4 CONCLUSION 

Several conclusion points can be drawn from this 
study of morning peak occupancy rate for vehicle 
entering Bangkok’s city center. In the individual 
vehicle type analysis, the lowest occupancy rate of 
1.574 persodvehicle occurs in passenger car. Pick- 
up is in the middle with occupancy rate value of 
1.72 1 personshehicle. The highest occupancy rate 
of 2.009 persons/vehicle appears in taxi, which 
represents the highly demand of ridership for this 
public service mode during this peak period. For the 
analysis of private and public vehicles’ occupancy 
rates, the private vehicle class, which consists of 
passenger car and pick-up, gives the lowest 
occupancy rate of 1.599 personshehicle in 
comparison to that of 2.009 personshehicle from the 
public taxi. The final result of overall occupancy 
rate from all combined type of vehicles also show 
the low value of 1.647 personshehicle for all of the 
four wheel vehicles entering Bangkok city center 
during the morning peak hours period. The majority 
of vehicles are occupied by only one persodvehicle, 
and this is account for 51% of the total number of 
vehicles entering the city center at 24 at-grade 
entrances. There are also the influence of time for 
occupancy rates of passenger car and the group of all 
vehicle types. Occupancy rates of these two groups 
of vehicles decrease with the increasing of hourly 
periods during the morning peak. 
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ABSTRACT: The City authorities in Santa FC de Bogota have recognised that the city has a serious road traf- 
fic accident problem. This concern prompted the City authorities to decide to start the project for development 
of an accident data system for Bogota. The systems which were available, were of little use for accident in- 
vestigation in relation to engineering remedial measures. A road safety project was therefore initiated by the 
Secretaria de Transito y Transporte, the transport authority in the city. The project consisted of two main 
parts, the establishment of an accident data system, and the establishment of an accident investigation unit. 

RkSUME: Les responsables locaux de Santa FC de Bogota ont reconnu que la ville avait un strieux problkme 
de stcuritt routikr. De ce fait; ils ont dCcidC de lancer un projet de base de donntes "Accident" pour Bogota. 
Les systkmes existants n'offrent pas les spkcifications requises en matikre d'enqete accidents en relation avec 
les mesures correctrices. En conshquence, la Secretaria de Transito y Transporte, autoritt compktente pour la 
ville, a initit un projet de SCcuritC RoutiCre. Le projet est composk de deux parties principales, la costitution 
d'une base de donnkes Accident et I'Ctablissements d'une unit6 Enquete aprks accident. 

RESUMEN: Las autoridades de Santa FC de Bogota han identificado que la ciudad tiene un serio problema de 
accidentalidad vial. Esta preocupacih, motiv6 a las autoridades del Distrito Capital, adelantar un proyecto 
para el desarrollo de un sistema de manejo de la informaci6n sobre accidentalidad en Bogota. El sistema ex- 
istente no tenia mucha aplicacion desde el punto de vista de la investigacion en seguridad vial, y en relacicjn 
con el analisis de medidas remediales de Ingenieria. En consecuencia, se inici6 un proyecto de seguridad vial, 
para la Alcaldia Mayor de Santa FC de Bogota, liderado por autoridad local correspondiente, la Secretaria de 
Transit0 y Transporte - STT. El proyecto estuvo const6 de dos partes principales, el establecimiento de un 
sistema de manejo de datos de accidentalidad, y la conformacibn de una Unidad de Investigacion sobre acci- 
dentalidad. 

1 INTRODUCTION 

1.1 Concern 

The City authorities in Santa FC de Bogota recog- 
nised that the city has a serious road traffic accident 
problem. This concern prompted the City authorities 
to decide to initiate a project for the development of 
an accident data system for Bogota. The systems 
which were available, were of little use for accident 
investigation in relation to engineering remedial 
measures. 

1.2 Project Design 

The project consisted of two main parts, the estab- 
lishment of an accident data system, and the estab- 

lishment of an accident investigation unit. There 
were five elements in the project plan: 

1. Accident attendance. 
2. Location of accident data and data entry. 
3. Data analysis. 
4. Accident investigation unit. 
5. Road Safety Action Plan for Bogota. 

1 .3 Project Period 

The project started officially on 13th January 1998 
The first visit of the consultants took place in Janu- 
ary, February and March 1998. The second and third 
visits were in May/June and September/October 
with the final visit in January 1999. 
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1.4 Bogot4 Is problem 

Deaths 
Injuries 
Total 

Table 1: Road Accident Deaths and Injuries in Bogota 

I1 I 1991 I 19921 1993 1 199411 
1089 1284 1260 1341 
5086 5086 11505 13392 
6175 6370 12765 14733 

Concern over road deaths was being expressed by 
local politicians and by the local and national press. 
The Bogota problem relates particularly to pedes- 
trian accidents. 

Injuries 
Total 

1 .5 Remedial Action 

15906 10454 61429 
17045 11527 68615 

Remedial action taken prior to the project, includes 
an education programme designed to raise respect 
for red lights at traffic signals and drink drive en- 
forcement campaigns aimed specifically at week-end 
and holiday travel. Legislation requiring wearing of 
seat belts and crash helmets was introduced at the 
same time. A publicity program to encourage cy- 
clists and motor cyclists to wear helmets is ongoing 
at present. These measures have had some effect. 

1.6 This Paper 

This paper describes the road safety problem and the 
work undertaken during the project period. 

2 SCALE AND NATURE. OF THE PROBLEM 

2.1 Present Position 

The road safety situation in Bogota is by any stan- 
dard serious. Table 1 below shows the number of 
deaths and injuries caused by road accidents in 
Bogota from 1991 to 1996. In 1996 there were 1073 
deaths on the road in Bogota with 71 % of the deaths 
being pedestrians. Compared with similar size cities 
in the industrialised world, this figure is very high. 
The number of deaths in the whole of Colombia in 
1996 was 7445. At 32 deaths per 10,000 registered 
vehicles, this is nearly 26 times the rate of deaths in 
countries like the UK, Sweden, Denmark and Nor- 
way. 

2.2 Causal  in^ 

In Bogota the high number of pedestrian fataIities is 
undoubtedly linked to the use of alcohol. The num- 
ber of deaths and injuries are greater toward the end 
of the week, particularly Saturday and Sunday 
mornings, after the traditional nights for the enjoy- 
ment of alcoholic drink. There is also no doubt that 
the major reason is the total lack of facilities for pe- 
destrians to cross the road or even to walk along 
roads. 

2.3 Pedestrian facilities 

On some major roads, pedestrians are expected to 
cross 4 or more lanes of traffic without any form of 

I 1995 I 1996 I Total 11 
11 Deaths I 1139 1 1073 1 7186 /I 

crossing facility or with badly designed facilities. 
Research has shown that pedestrian safety i s  seri- 
ously compromised if pedestrians are expected to 
cross more than 2 lanes. It is very difficult for pe- 
destrians to walk along the land between the kerb 
and the building line, (Figure 1) as he has to walk 
around parked cars, climb walls and other obstacles. 
The surface is varied, in a bad state of repair and 
with the obstacles in the way, it is impossible to use 
a wheelchair. 

2.4 Road rnfra~tru~ture 

The road i n f r a s t ~ c ~ r e  in Bogota has been designed 
primarily with the motorised traffic in mind with lit- 
tle consideration given to pedestrian requirements. 
The major routes in the city are of variable design, 
some of very poor design from a road safety point of 
view, with dual carriageways with between 2 to 6 
lanes in each direction. The major problem in terms 
of road safety in Bogota is therefore the provision of 
pedestrian facilities which pedes~ians are either 
likely to, or forced to use by restricting their other 
options, 

2.5 Road User Behaviour 

Road user behaviour in Bogota is very bad. Red 
light violation is extremely common. Pedestrians are 
not regarded, by the drivers, as legitimate road users. 

Figure 1: Indiscriminate parking on the footpath and surface making it difficult 
for pedestrians 
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Figure 2: Poorly designed pedestrian guardrail 

Outside peak hours, speeds tend to be very high on 
main routes, which adds to the potential hazard by 
both pedestrians and vehicle occupants. 

2.6 Pedestrian Guardrail 

Where pedestrian guardrail has been used, it is often 
of a dangerous design. This can be seen in Figure 2. 
The vertical curved plates on the roadside are par- 
ticularly dangerous as car which hits the guardrail 
would sustain serious damage, and likely cause seri- 
ous injury to its driver and passengers. 

3 ACCIDENT ATTENDANCE 

3.1 The Traffic Police (La Policia de TrcEnsito)and 
the Judicial Police (La Fiscalia) 

Bogota has a dedicated traffic police force. The 
Policia de Transit0 in BogotB are part of the National 
Police and are responsible for the detection and en- 
forcement of traffic offences and the recording of 
details following accidents. The Traffic Police com- 
plete the accident report forms as part of their acci- 
dent attendance. This form is the basis for the acci- 
dent data base, and is completed reasonably well by 
the Police. 

3.2 Accident Management 

If involved in an accident, causing injury to a person 
or damage, drivers are obliged to stop and remain at 
the scene, with their vehicles in situ, until the arrival 
of the Traffic Police. The Traffic Police are not 
prompt at attending the accident location. These of- 
ten serious delays can cause both danger to other 
road users and, more commonly in Bogota, serious 
congestion. It is suspected that there is an under- 
reporting problem, particularly with minor injury 
and damage only accidents, as a result of the long 
waiting time. On arrival at the location of the acci- 
dent the police action is determined by the degree of 
severity of the accident. There are three degrees of 
severity, fatal, injury or damage only. Fatal and in- 

jury accidents are investigated further by the Fis- 
calia. Damage only accidents are simply recorded 
and any infringements noted and appropriate tickets 
issued. In injury accidents, the Traffic Police trans- 
port drivers to the office of the Fiscalia where any 
further investigations are carried out. Following 
road death the Fiscalia attend the scene and the vehi- 
cles are left in place until they have completed the 
initial investigation. 

3.3 Training of the Police 

Only very limited training of police officers were 
possible under the Terms of Reference for the Proj- 
ect. Much more training is desirable, but had not 
been allowed for in the Project. However, in the 
January 1998 a training day was held for selected of- 
ficers from the Traffic Police. The training was held 
to address the minor problems discovered on the ac- 
cident report forms. Further training of selected po- 
lice officers was carried out in January 1999 in as- 
pects of forensic accident investigation. This training 
should be built upon, and advice was given with re- 
gards to courses available in the UK. 

3.4 Technical Notes 

Detail technical notes were prepared as advice for 
the police on the subjects covered in the all too brief 
seminars. 

4 LOCATION OF ACCIDENT DATA AND 
DATA ENTRY 

4.1 The Accident Data System 

The Terms of Reference for the project specified 
that a major part of this project should consist of the 
installation a new microcomputer based road acci- 
dent data system. The Transport Research Labora- 
tory has developed a system named MAAP (Micro- 
computer Accident Analysis Package), which was 
originally developed for use in developing countries. 
The system, which was DOS based, has been in- 
stalled as the main analysis tool for road accident in 
many countries in South America, Africa, Asia and 
the Pacific. The system has developed over a num- 
ber of years as needs were identified, and many ad- 
ditional analysis tools have been added. Similarly, as 
computers have improved, the system has been re- 
fined, been converted to operate in Windows, and 
become more user friendly at the same time as 
graphics have replaced character based facilities. 

4.2 A City-wide Database 

Over 45,000 road accidents are recorded in Bogota 
every year. The full data from the police accident 
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reports was entered into the database system of 
Fondo de Prevencion Vial Nacional, a national road 
safety organisation funded by the insurance industry. 
It is generally agreed that this has been an excellent 
system as it has provided a city-wide database. 
However, the la Secretaria de Transit0 y Transporte 
(STT) needed to take over this to obtain a compre- 
hensive database which was also useful to the engi- 
neer. 

4.3 Location of accidents 

The location of an accident is one of the most essen- 
tial pieces of information to be recorded. The Co- 
lombian accident report form requires the reporting 
officer to give the street address of the accident lo- 
cation. Whilst the street address for many accidents 
can give quite an accurate location for the accident, 
for many accidents, it is of little use to the accident 
investigator. However, the reporting officer also 
normally draws a sketch of the accident that, if done 
well, can give an almost precise location for the ac- 
cident, A number of countries require the police re- 
porting officer to give the geographical co-ordinates 
('Eastings' and 'Northings'). However, these loca- 
tions are not always accurate. Therefore, the police 
co-ordinates are checked by someone specially 
trained in coding locations. As a result, the TRL al- 
ways recommends that in all implementations of the 
MAAP computer system, a specialist member of the 
office unit should be trained to do the location cod- 
ing, thus avoiding the need for a massive training 
programme for all police recording accidents. 

4.4 Checking and Data Entry 

The checking of the data, and the data entry is now 
carried out by two members of staff in the new Ac- 
cident Investigation Unit. The data is entered 
straight into the newly established MAAP for Win- 
dows accident data system. 

5. DATA ANALYSIS 

5.1 MAAP for Windows 

MAAP for Windows is relatively new, and has been 
developed to run in the up-to-date Windows 98 op- 
erating system. It is the latest system which has been 
installed for use in Bogota. 

5.2 Hardware 

As part of the requirements for this project, one 
computer was purchased for the use of the project 
staff mainly as a word processing tool. A further two 
computers have been purchased for the use of the 

STT Accident Investigation Unit. The MAAP sys- 
tem has been installed on these computers, and the 
two have been networked. 

5.3 Installation of Software 

The installation and adaptation of MAAP to suit the 
circumstances in Bogota has required a much greater 
effort than was originally envisaged. This has been 
largely due to the problem of locating accidents 
within the system to the place they happened on the 
ground. One major reason for these problems is the 
very complicated street namehumber system which 
is used in Bogota. A GIS based map locating system 
is now operating. 

6 TRAFFIC ENGINEERING IN BOGOTA 

6.1 Priority to Motorised Trafic 

Traffic management has been carried out in Bogota 
over the years, mainly aimed at keeping traffic 
moving as fast as possible. Bogota employs traffic 
signals extensively, and most signal sets are rela- 
tively new, but using reasonably old technology. 

6.2 One-way Streets 

One-way streets have been employed extensively 
throughout the city, even down to the streets in 
mainly residential areas. The one way system is very 
badly signed and marked. This indicates that the 
only priority has been to keep traffic moving. Many 
wide one way streets speed the traffic up, which is 
hazardous to pedestrians, and is making it difficult 
for pedestrians to cross 4 lanes of traffic without any 
assistance in the form of pedestrian refuges or pe- 
destrian crossings. However, some recent work in 
one of the main north-south routes in northern 
Bogota, has the purpose of narrowing down the road 
space used by vehicles, and to widen the area used 
by pedestrians. This has substantial safety benefits 
for pedestrians. 

6.3 Trafjc Safety Engineering Improvements 

Investigation of the existing databases in Bogota 
during the first visit revealed that by far the major 
accident problem in the city was pedestrians being 
hit, often on the major roads, and frequently killed 
by the impact. The pedestrian problem also applies 
to most of the major road network with concentra- 
tions along certain lengths. When examining the 
network, it was quite obvious to a road safety pro- 
fessional that the total lack of pedestrian facilities, 
apart from pedestrian bridges, must be the major 
cause of this problem. The number of potential sites 
which could be used for more thorough investiga- 
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tion, and which subsequently could be used as a 
demonstration site for the purpose of training STT 
staff, were so many that a decision had to be taken 
on a pragmatic basis. Two sites were therefore cho- 
sen: 

1. Carrera 30 from Calle 6 to Calle 13; and 
2. Autosur from Avenida 68 to Avenida Boyaca. 

Accident data from these sites was collected from 
the database at STT and analysed, and analysis was 
carried out by Medicina Legal y Ciencias Forences 
(a legal forensic bureau) on their database. The data 
was plotted, and detailed analysis was obtained 
about where within the sites the problem is particu- 
larly serious. The Accident Investigation Unit made 
several site visits with and without the consultants 
and the findings were discussed at length with the 
consultants and Medicina Legal staff. 

6.4 Surveys and physical Data Col~ection 

A team of sociologists were consulted, and their 
proposed approach was discussed. The Accident In- 
vestigation Unit asked the sociologists to carry out a 
number of surveys of the sites. This included: 

a) Still photographs to be taken; 
b) Video recording taken of the sites; 
c) Surveys of traffic volumes to be carried out; 
and; 
d) Surveys of pedestrians crossing the roads to be 
carried out in 100 metre sections along each site. 

The collection of additional information was agreed 
which was more in the sociological field of work. 
This included: 

e) Interview surveys attempting to establish where 
people were coming from and going to when they 
cross the road at the site; and 
f) Attempting to establish whether or not the per- 
sons crossing the road in these locations are aware 
of the danger of crossing in these locations, and in 
fact feel it is dangerous when crossing. 

This information subsequently led to a suggestion of 
several potential solutions to the problem. 

6.5 P ~ ~ ~ i c ~ ~  Accident Site Improyeme~ts 

At the start of the project, it was hoped that physical 
accident site improvements would have been done 
by the end of the project period. However, for a 
number of reasons, this has not been possible. The 
STT Accident Investigat~on Unit therefore have 
follow up this work, determined final design, ar- 
ranged for the design work to be completed, estab- 
lished where fknding was available from, and will in 
due course supervise the final works. 

7 ACCIDENT ~ V E S T I G A T I O ~  UNIT IN THE 
STT 

7.1 Establishment of Accident Investigation Unit 

The establishment of the Accident Investigation Unit 
has been a major problem during this project, due to 
very late appointment of staff for the Unit. For that 
reason, the staff were not available to work with the 
consultants for the first half of the contract period. 
The Unit has now been established, and consists of 
one senior engineer, one systems technician, and two 
staff to enter data. This level of staffing is below that 
which was recommended by the consultants. How- 
ever, the Unit head is committed to the task of im- 
proving road safety, and hope~ l ly  firrther staff will 
be appointed in due course. 

7.2 Training of S t ~ ~  

The intention of the consultant was to bring selected 
staff to the Royal Society for Prevention of Acci- 
dents' (ROSPA) Accident Investigation and Preven- 
tion course in ~ i ~ i n g h a m ,  United Kingdom. This is 
a very highly regarded course, which is of great 
valuable for those attending. For various reasons, 
this has not been possible. The consultants have at- 
tempted to give the staff as much training locally as 
has been possible. A local course has been arranged 
by the consultant's local representative in Bogota to 
attempt to replace some of the content of the RoSPA 
course. 

8 ROAD SAFETY ACTION PLAN 

8.1 A costed Road ~ a f e ~  Action Plan 

A costed Road Safety Action Plan for BogotS has 
been prepared for a five year period after the present 
project. The first page of that plan is shown in Fig- 
ure 3, and the whole plan will be shown in the con- 
ference presentation. The primary objectives of this 
Project and therefore of this plan is road safety engi- 
neering and the collection and analysis of accident 
data. However, road safety is a multi-disciplinary 
subject. Therefore the plan also includes some im- 
portant aspects related to public education and traffic 
policing. The plan, which is in a tabular form, 
schedules 58 activities over the five year period, and 
is costed to US$2,052,000. This is a relatively small 
investment over such a time period, and should be 
easily achieved provided the city authories are 
committed to improve safety on the roads of BogotA. 

909 



Figure 3: Example of the Road Safety Action Plan for Bogota (Page 1 of the Action Plan) 
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9 CONCLUSION 

9.1 A project such as the one undertaken in the City 
of Santa FC de Bogota is only a beginning of the 
solution to a serious road accident problem. In the 
more industrialised countries of Western Europe, the 
improvement in road safety to the level of the 
present day has taken some 60 years. Providing the 
authorities in Bogota has the commitment to tackle 
this serious problem with both effort and investment, 
there is no reason why a position such as in those 
conutries cannot be attained in a much shorter period 
through transfer of experience, maybe in between 10 
and 20 years. This clearly also involves a 
commitment from the national government of 
Colombia, as the capital city is not isolated for the 
rest of the country. The authors have seen some 
good signs from the authorities. These signs will 
hopefully be transformed into action and success in 
the years to come. 
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Education and training for road traffic safety in Nigeria 

Samual Iyiola Oni 
University of L ~ g o s ,  Nigeria 

ABSTRACT : The neglect o f  transport operator’s training, environmental 
education and locall indigenous knowledge have constituted serious bottleneck in 
the implementation o f  Nigeria’s national transport development programme. The 
deficiency in and poverty o f  the basic traff ic safety education has also been 
responsible fo r  the greatest part o f  Nigeria’s road traff ic accidents, manifesting 
mainly as human-related-psychological, psycho-graphical, attitudinal and 
behavioral tendencies. These problems include poor local knowledge o f  road 
safety education and enforcement o f  road traff ic laws and highway code, 
indiscipline. non-compliance, incomprehension o f  road signs and traff ic signals, 
absence o f  well-structured (socio-culturally oriented traf f ic  bye-laws and 
regii Iat ions). 
This paper therefore emphasizes traff ic education and espouses the significance 
o f  training and retraining scheme. A thorough appreciation o f  this becomes 
essential tool i n  effective planning and performance o f  road safety management. 
This paper further shows education, training and publici ty guaranteeing a 
sustainable road safety in Nigeria. 
The paper se ts  appropriate framework and guidelines for  training o f  transport 
operators through joint l integrated teaching, transport institutes and information 
mode. Appropriate geographicltraffic information system techniqueslstrategies, 
eff icient use o f  road signs, signals, mass media, constant publ ici ty, symposia, 
lectures and demonstrations need be adopted to educate, appeal and diffuse 
knowledge on the eff icient and optimal use o f  roads and accident prevention and 
reduction. 

First  Paragraph neglect o f  t ra f f i c  education and 
training pro gra 111 s for  the 

1 .O INTRODUCTION o pe ra t0  rs ld r i  vers a 11 d t l i e  managers . 
The attended neglect and gaps i n  

W i t h  the growing  demands on the Nigeria’s road traf f ic  safety 
road as a major mode of transport, adnl inistrat ion are great. They are 
the highway management and responsible for  the h igh  rate O f  

administrat ion could not function trai‘fic accidents. 
eff iciently due to  the and A chaotic si tuation has arisen f rom 
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this  development .  l h e  major 
s tumbl ing  block has been identified 
a s  human factors ,  Oni ( 1995). These  
pro I-, 1 e 111 s in o t o ri s t/d r i v i ng 
cLlftLire, poor a t t i tude  and 
i nc c) 111 pet e n c e o I’ 111 a n y  p ro fes s i o na I 
dr ivers  and \bide extensive 
i lid i sc  i p 1 i ne,  c o r r ~i p t i o n , 
e n 1‘0 rce i n  e n t , d i so bed i e tic e for 1. a w,  
i tis t i t ti t i o tia 1 g ri d 1 oc k s c liarac ter i zi ng 
the iiiotoriiig ~~el ia \ / ioLir .  A well 
fouiided and integrated road safety 
and ~ ~ e i i ~ i v j o r a l  cciucation will  serve 
as S L I C C O ~  for this .  
N o  m a t t e r  the sopliist ication level of 
eng i lice r i n g i 11 ge i i  i i  i t y C O  LI Id re SO I ve 
the problem, except  an integrated 
t ra ffi c ed LI ca  t i o 11, a t  t i t U d i n a 1 change, 
pe 1-s Ll as i c3 11, reo I- i c n t a t i on and 
niodif’ication o f  dr ivers  and road 
~ i s e r s  niiiids and character .  This 
d e v e I o p m e n t s h (3 LI I cf be bac ked - up by 
e f’f’i c i e 11 t traffic i n f’o rn i  a t i on sy st e in 

e ft’e c t i v e p a r  t i c i pat i o 11, 

i 11 s t i t LI t i o 11 a 1 rad i c a 1 i za t i o 11, 1 o ca t 
l i  n o \\i 1 e ct g, e d e v e I o p in e 11 t , 
p I‘ i o r i t i za t i o 11 a 11 d i-a t i o n a I i za t i on as 
\\/ell ;is s t rong po l i t i ca i  w i l l .  The new 
eci I IC  a t  i o i i  w i I I i n 1’1 LIC nce the I o ng- 
t e r iii a t  t i t U d e a n d  he h av i o 11 r c ha n ge s , 
\vliilc the enforcemeiit  process will 
enscire laws beiiig eiii‘orceci fairly and 
justly b y  the agencies .  
A revieiv of  t h e  road  transport  
systeni i n  Nigeria ; i i i d  road safety 
111 anage  111 e n t i 11 pr i  r t  i c it 1 ar  i iid i cate a 
serious lack of  focus on research and 
future technology . 
Whereas,  relevant research is a 
useful instrument of change  i i i  the 
transport  system o f  a count ry .  
Through research, relevant da ta  and 
information for road safety planning,  
n e w  strategies for solving road safety 
problems are  evolved.  The  current  

i nc 1 ~t d e 

c i t i ze n s 

t I- a 11 s p o r t 

no 11-CO in p 1 i an c e by the reg U 1 at i on s 
and laws guiding and control l ing the 
road system opera t ions  by the users 
is as  a result  o f  poor educat ional  
training, publ ic i ty  and funding.  As 
such,  a n  increased iiivestinent on  
road usage educa t ion  and t raff ic  
safety iiiatiagenieiit are  s t rongly 
advocated for .  

2 . 0  OBJECTIVES 

This paper opines  to acliieve the 
folio wing object ives  : 
I )  To espouse the s ignif icance o f  
road safety knowledge,  skills and 
at t i tudes leading to  a new system o f  
order ,  values and a c o I i s e r v a t j ~ n  
et 11 i c ; which will enable  
ni o to ri s t sit rans po rt operators  
contr ibute  to the wiser  inaiiagemeIit 
o f  road traffic sa fe ty .  
2 )  To work towards p e r s u a d i ~ g  
decision makers o f  the need for a 
new type o f  in-service training for 
transport  operators  and t ransport-  
related off ic ia ls ;  and the appreciat ion 
o f I o ca I e n v i ro n in e n t a I ed U c a t i o n ’ s 
role i n  traffic management .  
3 )  To find the best formulae for the 
a p p rec i at i o n e n v i ro 11 1x1 e n t a 1 
education and  t ra ining at every level ,  
and encourage traf‘fic safety 
operators to t h i n k  both vertically and 
horizontally,  as there  is need for 
cooperat ion at  a l l  levels - trainees 
a 11 d t I’a i I 1  e rs . 
4)  f‘o slio\v that tlic gap  i n  Nigeria’s 
road traf’f’ic probIeii1 could only be 
sol\ject b y  local c~i\’irontiientaI and 
t r a  ff-i c s a t‘et y ivli i c h 
CO II id t” i-s t 11 e e 11 t i re C O  i n  ni U n i t y  a rid 
pul-tlic: a s  ivell as the old society.  
5 )  - I  o enable  iiicfivicicial, g r o ~ i p s  and 

o f  

eci 11 cat  i o n, 
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t 11 c c ii t i re so  c i et y a c q 11 i re aware 11 e s s 
and d ev e 1 o p at  t i t Lid e s ,  
s k i l l s  a n d  ab i l i t i es ,  arid participation 
i n  bolving the Nigeria  road traffic 
s a  i‘e t 1 p ro b 1 e in s, t h r o  Ligh an ho 1 is t i c ,  
i n t e g rate d i 11 t e r- d i s c i p I i nary 
a p p r o a c h ;  a s  the s takeholding is 
d i v L‘ rse and 111 LI  1 t i d i in t‘ 11 s i o 11 a I .  

I< no \vl e d g e ,  

a nd 

3 .0  C X I N C E P T U A L  ISSUES 

In response to the highlighted 
p r o b l e m s  embedded i n  Niger ia’s  road 
t r a  SSi c in an age me 11 t , 

e n g i 11 ee  r i 11 g 
e d ~ i ~ a t i o n  atid t ra ining’  has been 
identified a s  a probleiii. ‘This requires 
an 11.1 LI 1 t i -eclect  ic 
a n d  m L I  I t i - d i in e n s i o n ii I a p p ro ac  h, a 11 
integrat ion of  educa t ion  into the 
coiii t i i ~ i n i  t y  and neigliborhoocis, and a 
1 i f’e - 1 o n g , fo rwa rd  - I o o I; i n g ed 11 cat  i o n. 
T h e  a p p r o a c h  is b o t h  top-downward 
( t’ro ni p I a n n e r s /d  e c i s i o 11 111 ake  r s )  and 
bo t t  o m - 11 p w a r d ,  13 1-0 v i d i ng a new 
approach to the traf’f’ic safety through 
so L I  lid e n v  i ron men t a 1 cd  iicat i o 11. 

s a t’e t )’ 
env i ro nine nta I 

i nte r - d  i s c  i p I i n a r y ,  

T r a  f1.i c ed uc at  i o n I1 e re in ea n s the 
consc ious  t ra ining 01 ‘  a l l  road users,  
most  especial ly  dr ivers  o f  motor  
vcli icles and motorcycles  i n  proper 
and I a ~ v f ~ i I  behaviour  on public 
liigli\vays. ‘This slio~ilcl involve:  

a)  Knowledge o f  Road Traff ic  laws 
and highway code  
b )  c o m p r e h e n s i o n  o f  road s igns  and 
traffic s ignals  
c l  K no cv 1 e d g e o f  one’s  
respons i b i 1 i t  ies wh i 1 e dr iv ing  
d )  Respect for  o ther  road users 

e )  Respect  for  t raff ic  control  off icers  
and their  direct ives  
f] Concern for the safety of  all  road 

g )  Prof ic iency i n  d r iv ing .  
Llsers 

The  educat ional  object ives  could 
therefore  be def ined i n  terms o f  
aware n e s s , s k i 1 1 s , 
at t i tudes and commitment ,  al l  o f  
which a re  necessary to deal  
e ffec t i ve 1 y e n v i ro nine n t al 
issues.  This  paper  shows the 
select ion,  t ra i n i ng , re t ra ining 
processes and adopt ing  
e nv  i ro nine n t a 1 ed iica t i o 11 fo r d r i v er  s 
and t ransport  operators  and s t ra tegies  
a t  i n t e gr at  i n g be hav i o ra 1 e d uca t i o n 
into educat ion 
del ivery.  The  object ive is to suggest  
s e I e c t i o n , re t ra i n i ng 
schemes that  would lead to high 
s tan d a r d s Of safety,  cost  
effect iveness  and performance in 
Nigeria’s  road t raff ic  operat ions and 
environment .  Other  areas  of  a t tent ion 
include: Co in pet e tit Vehicle 
0 pe rat o r, Driver  Retraining 
Schemes,  a n d ,  Data  Base For 
E d LIC at i o n/T ra i n i 11 g 

k 11 o w I e d g e , 

w i t 11 

e n v i ro nine n t a 1 

t ra i n i 11 g a n d  

4 .0  “SPATIAL SClHEMATA” 
-The  

‘spatial  schemata’  is here viewed as  
the framework within which people 
organize their  knowledge of  the road 
t ra ffic e n v  i ro 11 in e n t ,  C O  II tai n i ng the 
residue o f  past environmental  
experience and accommodat ing  
c LI rre n t Once 
establisl ied,  such  schema may be 
modified by ex tens ion .  The  notion of  
the  schema was der ived from the  
work o f  cogni t ive  psychologis ts  on 

s e  ns o 1-4’ i n fo  i-111 a t i o 11. 
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o b - j c c t  percept ion (Bar t le t t ) ,  1932) 
being first appl ied to envi ronmenta l  
c o n t e s t s  by  Lee ( 1  0 5 4 ) .  The schema 
ma j ’  b e  defined a s  the cogni t ive 
stri ictnre of coding  sys tem that  
a l Io \ \~s  the indiviciiial to respond 
appi-opriately to a slii f‘ting pat tern of  
e n v i 1.0 11 in e n t a 1 ‘I- hey are  
d y n a ~ i i i c  and  tliiis changing  to 
incorporate  new ideas .  
T h e  ~ i n d e r l y i n g  cliallenge is to create  
the  cdiicat ional c l ia i~ges  needed to 
so I ve The 
mechanism 1.01- c reat ing tlie needed 
re -0 I‘ i e n t a t i o n a nci c o n s eq Lien t change  
i s and 
ps y c 110 I o g i cal i n to the 
ed 11 c ii t i on a I a n d  t r a  i n i II g process .  
Thc  main purpose o f  this  paper 
theref’ore is to devise  a token 
reiril‘orcement system ( l o w  cost ,  
\voi.l,ablc i n  an “ o p e n  f ie ld” set t ing,  
ye[  a t t ract ive enoiigh to induce 
d r i \  01‘s a n d  other  r o a d  users) .  

s t i in L I  1 i . 

s 11 r v  i v a I pro b 1 e ins. 

be 1i av i o ra  I ,  a t  t i t Lid i na I 
i n t e g  rat i o n 

4.  I I.’iinctional Training Models  

One  likely source o f  paradigm 
change  is the deve lopment  o f  new 
training riiodels and programs 
(psychological ly  - based) for tlie 
Niger ia ’s  road users (“person-  
ce i i  t e red *’ i n nova t i o 11 s ) b y  be hav i o u r 
m o d  i t’iers. Seidtnan l iappaport  ( 1  974)  
at  the U n i v e r s i t j ~  o f  Il l inois 
de  v e I o ped a II e d i i  c a t i o n a 1 p y ram i d 
w 11 i c I1 11 s e s pro fes s i o 11 a 1 experienced 
ps y c Ii o 1 o g i s t s as  c o n s 11 It an ts  and 
teachers  of  larger number of  graduate  
st i idents.  who i n  t u r n  train and 
supervise  a lager  number o f  
11 n d e rg r ad u a t e s and o the r no n - 
pro fe  s s i o n a1 s d i rec t  
intervent ionis ts  i n  var ious social  
systems such as the  elementary 

as  

schools .  The  educat ional  pyramid 
which c o ~ i l d  be adaptable  to Nigerian 
roads s i tuat ion sha l l  be directed at  
four crucial  needs o f  communi ty  

First ,  it inclirdes a conceptual  - 
in e t hod o 1 o g y fo  r 
understanding and evaluat ing the 
impact of  c o m ~ n u n i t y  i i i terventions at  
mult iple  levels o f  soc ie ty .  Second,  i t  
offers  a model for t ra ining future  
professionals and non professional i n  
their  specif ic  career  goa ls .  Thi rd ,  the 
paradigm cal ls  for  r igorous and 
systematic  evaluat ion o f  human 
service programs.  Fourth,  and most  
obvioiisly,  the paradigm al lows for  
e f f  i c i e n t of  
p s y c 11 o I o g i c a I 1 y p o I i s 11 e d in an p o we r 
(Seidman and Rappaport ,  1974).  I n  
addi t ion,  formalisat ion o f  the two 
programs makes the model to respond 
to tlie requirements  o f  act ivism and 
e in pi r i c i sin. Profess  i on a 1 s are  t rai n e d 
as  intervent ion planners  and 
coo rd i na t o r s with t 11 e expect  at  i on 
that  they will assume career  roles  as  
directors  and superv isors  o f  social 
change programs.  They equal ly  
re ce i v e re s e arc  h - 
oriented t ra ining i n  ant ic ipat ion o f  
their  role as eva lua tors  o f  program 
effect iveness  and conceptua l izers  of 
world programs. A recurr ing theme is 
the necessity o f  interdiscipl inary and 
integrated preparat ion which is the  
pivot of this  paper .  The  behavioral  
modification espoused here,  se rves  as 
a source o f  envi ronmenta l  
e d 11 ca t i o na I w h i c h 
pot-tcncis its abi l i ty  to conceptual ize  
and 13 r o  mote i n s t i t 11 t i C) iia 1 change  as 
o p 13 o s ed to the ‘. p s y c 11 o ad apt  at  i o n” 
of  target populat ions (Renner ,  1974).  
Behavioral  approaches to road t raff ic  

p s y c I1 0 I0 g y . 

s c h e i n  a 

d e p I o y men t 

p red o in i n a n t 1 y 

i n n o v a t i o n s 
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e i i~ / j r~~i i i i i e i i t  have  been long 
tin tf e r p  I a y  ed Li nd e r-es t i in a t ed . 
This paper has therefore shown the 
resourcefulness a n c i  vitality o f  the 
behavioral  paradigm to respond to 
the need for the applied and 
c o  nce p t  i o n i nno v a t  i c) ns that have 
bee ii i d e 12 t i f i  ed . ‘I’h i s energetic 
~ i i i i ( ~ v ~ ~ t i o i i  \ v i I t  f i l l  the gap and 
insure t h a t  the initial achieveineiits 
o f are 
C O  11 t i n Lied. 

and 

b e h a  v i o 1-3 1 c o 11 s i d e rat i on 

T h i s  ~ ~ ~ ~ r a t ~ i ~ i i i  scrves as an 
i 11 t eg r a t  i ng p rov id i ng 
relatccf ansivers to questions on: 
t-ft:,\\ spatial cognition develop? 
H o \ \  CLIII  perceptions be changed 
t h 1-0 cig 11 pro pe r t ra i n i ng and 
e d i i  c a t i (1 n a p pea 1 i n g to p s y c ho 1 o g i ca 1 
t e nci e n c i c s  . 
The eni.licr ~ ~ a r ~ ~ c i i ~ i i 1  depicts images 
a n c f  spaiiak sche111at:i. as the basic 
c (3 g i i  i t i v i: i i i  e d i ate 
beliii\: i o t r r .  ‘ fhe ~ t I ~ ~ i ~ j d i i a 1  road 
tral t‘ic opera tor  is siniLiltaneonsly 
part of’ the ob-jectivc atid beliavioral 
e i i  v i r o  nine n t s ; re c c  i v i 11 g i ocat i o na  I 
and ;it t r i b LI t i ve i 11 f o  r in a t  i o n fro in the 
be !i ;I i t  i o r a I c n v i r o  n in e n t , b u t  
af‘f*ccting both environineitt by  his 
act ioiis. 
111 the traffic situation, the trainer 
1 n i i L t  ntottitor the ct‘f’cctivetiess of  his 
actioits, assign viiiue to the 
ex  13 c I’ i o 11 c c a n d  t h LI 5 c o rrec t fii t ~i re 
heii;iit iorat  strategies. These i n  turn 
m a l  i i i oc i i  f’p r o a d  traffic cognition 
at id  stimulize fur the i .  behaviour for  a 
t 11 0 ro L# g I1 a tici 
s i i  s t ii i n i ng e iiv i ro n me nt . 

fram e ivo r k 

e 1 t‘ in e n t s t h a t  

t ra ffi c -c if 1 in i n  g 

5.0 SUCCEST[ONS 

The relevant agencies  in  charge of 
ro ad s a fe t y in an ag e in e 13 t i n c 1 i i  d e : 
Federal Road Safety Commission 
The Police - Traffic U n i t  
The Ministry of  works - Highway 
Division shotlid engage the public 
media - radio, television, newspapers 
and magazines i n  propagating the 
road safety and e i i v i r o n ~ e n t a l  
e d II ca t i o 11. 

These agencies  must give 
deinonstratioiis to the public on the 
f’o i 1 o w i n g : 
( i )  the proper and correct use of  the 

( i i )  the ineaning and significance of  

( i i i )  demonstrations of  correct and 

roads a 11 d h i g h way s ; 

traffic signs; 

incorrect use of  the road through 
films and posters. 

The highway division should put u p  
more road s igns and advocate for and 
p u t  u p  speed limits which should be 
enforced on the roads a n d  Iiig!iways 
by reg~i la r  highivay patroi. The 
e 11 t re n c h ni e n t Of effective 
enforcement iietivork is highly 
necessary. 
Private individuals should also 
coiItribiite to public education 
t 13 r o  ii g h d em o n s t ra t i o n s tvr  i t i rig to  
the press, talks on televisions, radios 
and at clubs. Chi ldren‘s  road safety 
clubs should be encouraged. The 
police departIiieiit, through 
cooperation i v i t h  the ministry of 
education can organize f i l m  shows 
and d e ~ n o n s t r a t i ~ i i s  on the correct 
11se of’ the roads a t  least once a 
III o I I  I 11 .  If r ich ci ein o 11s 1 r a t  ion s 170 LI Id be 
n i o i ~ i l i ~ c d  to advert ise  these and 
postci-s being p u t  lip. 
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Dri \  ing schools  should be 
es tab l i shed .  Bet ter  equipped and 
bet ter  paid police should be made  to  
patrol  o u r  roads and high\vays.  
T h i s  pape r  is o f  t h e  opin ion  that  
i 11 s t c ;i d o f s p e n d i 11 g s o in LI c li 111 o n e y 
on the new roads bui lding and 
e x p a t ~ s i o i i ,  more l‘iinds should be 
invested i n  educat ing road users;  and 
t ra in ing  and retraining o f  the young 
and inexperienced dr ivers  and i n  
g i v i n g g e 11 e I-a I t r a  f’f‘i c / e  11 v i 1-0 11 in e nt a 1 
educa t ion  to the r o a d  users more 
espec  ial 1 y the chi Id ren.  

6 . 0  SIJMMARY A N D  CONCLUSION 

Thib pape r  h a s  e s p o ~ i s e d  the role o f  a 
b e  11 ;i \! i o r;i I I y t raff ic  
ed 11 c ;I t i o n i 11 r o  ad t r i i  11 sport p 1 an n i ng 
a I1 Li  d c: v c: I 0 13 111 L‘ 11 t of  a 
f r a  in e \L o rk/gci i del i nes t ra i n i  ng 
t r a n q ~ r t  opera tors ,  as  well  as  the 
need f’or  a for111 01. par t ic ipatory 
sclieiiic t h a t  entai ls  reward and 
pe 11 ii I t i e s. in a nage m e n t 
ancl t ra ining theret’ore l’orrns the basis 
of‘ this  p ~ ~ p e r .  The dr iver ’s  perception 
m c: ;i s L I  re s 111 CI s t s e a I‘C: h fo r e f fi c i e 11 c y 
and sa  l’e t y  , t I1 r o  Ligh i n i t  i a t  i ng 
pacl,;igc:s o f  c o i i r ~ e ~ ,  seininars and 
W O  1.1,b hops. Basic sugges t  ions such as  
the 11 c c  d to e 11 t re I I C  h so c i o -c  U I t u ral 
fac t o rs i n t o the t r;i 11 5 130 r t  ed ucat i o n 

i 11 c I‘ c ;i s i n g I y ~ ‘ L I  11 d b c I1 a v i o r a I - re 1 a t e d 
t r a  11 5 po 1.1 t ra  i 11 i 11 g p 1 - 0  g ra m 111 e s ho LI 1 d 
be \ 1 g 0 r 0 u ~ l y  pllrsued. 

i n t e g  rii t ed 

f‘or 

s U pe r v  i s i o 11, 

and t ra ining,  as  \\)ell as  to 
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