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  Pref ace   

 This book has its origins in a meeting of Australian and French researchers in 
Montpellier in June 2011, a meeting that was preceded by an approach by Fritz 
Schmul at Springer to Quentin Grafton to write a book on urban water. On the 
Australian side, the French–Australian collaboration was initiated by Katherine 
Daniell and Quentin Grafton from the Australian National University, and on the 
French side, by Olivier Barreteau and Nils Ferrand from IRSTEA and the Embassy 
of France in Australia. The vision of the principals was to link across disciplines, 
distance, and language to develop meaningful collaborations and insights that would 
otherwise not be possible. 

 Several research initiatives grew out of the 2011 workshop and have led to 
various outcomes and outputs. One of the outcomes is this volume on urban 
water in transition. The book initially began as a series of ideas in a breakout 
session chaired by Quentin Grafton at the Montpellier workshop, and then, after 
the event, was developed further by all the editors. As editors, our goal has been 
broad: to develop a single framework, applicable to both rich countries and 
developing and emerging economies, for understanding and acting on urban 
water issues, despite the manifold shifts and transitions underway. We wanted to 
understand how urban water is valued, supplied, managed, delivered, consumed, 
and treated. 

 This volume is the outcome of a 3-year gestation and much hard work following 
the 2011 workshop. All the editors realized that the original group in Montpellier 
did not have suffi cient diversity of knowledge and experience to deliver on what was 
intended to be a book on global urban water. Consequently, many additional experts, 
practitioners, and researchers were invited to contribute, and almost all accepted the 
invitation. 
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 The end result of the collaboration of 51 contributors is a volume that provides a 
range of insights, case studies, summaries, and analyses of urban water from a 
global perspective. Collectively, the diverse contributions provide a major step 
forward in demonstrating how the challenges of delivering water to over half of 
humanity can be achieved safely, effi ciently, and equitably.  

    Canberra ,  Australia      Quentin     Grafton   
       Canberra,  Australia     Katherine     A.     Daniell   
   Brisbane St. Lucia ,  Australia      Céline     Nauges     
   Montpellier ,  France      Jean-Daniel     Rinaudo    
  Canberra ,  Australia      Noel     Wai     Wah     Chan      

Preface
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    Chapter 1   
 Understanding and Managing Urban 
Water in Transition 

             Katherine     A.     Daniell     ,     Jean-Daniel     Rinaudo     ,     Noel     Wai     Wah     Chan     , 
    Céline     Nauges     , and         Quentin     Grafton    

1            Introduction 

 Understanding and managing water in the urban context is of vital global impor-
tance. Over half the world’s population now lives in urban environments (United 
Nations  2013 ) and the percentage is set to increase over coming decades. Quality 
urban living, like life anywhere, requires adequate quantities and qualities of water 
to support a range of social well-being, economic development, and environmental 
health. Managing water in cities, along with their linked energy, food, materials, 
environmental systems, and socio-economic systems is, therefore, an integral com-
ponent of global sustainability challenges (Sheehan  2007 ; see also Kenway and 
Lant  2015 , Chap. 28, this volume). 
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 These challenges are signifi cant and extremely important; in particular, but not 
only for, the almost 130 million people globally who do not have access to safe 
drinking water and 714 million who do not have access to adequate sanitation in 
urban areas (UNICEF/WHO  2012 ). The current global water system is also 
 vulnerable to increasing global water demands, changing urbanisation patterns, and 
increasing climate risk and uncertainty (e.g. Frederick and Major  1997 ; 
Niemczynowicz  1999 ; Vörösmarty et al.  2000 ; Jenerette and Larsen  2006 ). There 
are different but still substantial challenges in developed countries, where popula-
tions are benefi ting from high quality water and sanitation services. What is often at 
stake here is the sustainability of these services, including the social, economic, 
environmental and governance dimensions of urban water management activities. 
In line with these challenges, many authors and global institutions consider that 
there is an urgent need to support the transitions of urban water systems towards 
more sustainable confi gurations that can cope with these and other global changes 
(Larsen and Gujer  1997 ; Hellström et al.  2000 ; Daniell et al.  2005 ; Mitchell  2006 ; 
UN-WATER  2012 ). 

 The defi nition of urban water systems and their management that we consider in 
this book is, thus, intentionally multi-faceted and includes all components of the 
urban system where water is a primary concern for managers, residents, community 
groups and businesses. This includes issues of water supply, demand, use, valuation, 
sanitation systems, storm water management, fl ood management and management 
of water dependent ecosystems affected by urban water use, as well as their associ-
ated governance structures and processes. 

 It is the premise of this book that there are a range of changes and transitions 
occurring in the way water is being managed in many urban settlements around the 
world. These are taking place as development patterns, climate, social preferences 
and values are changing, including the relative importance of those related to grow-
ing environmental concerns, the fi nancial value of water, social well-being, and the 
role that access to water and sanitation plays in alleviating poverty. 

 Here we take the concept of transition to convey the idea of a progressive adapta-
tion or transformation of a system in response to particular stimuli (drivers). 
Specifi cally, a transition describes the situation of a system where it lies between 
points of relative equilibrium. This implies that when a system is “in transition” we 
can be aware that it is or has rapidly changed from a previous state, but may not be 
able to predict or know how it will stabilise in the future. Such defi nitions and 
understandings of transitions (e.g. Rotmans et al.  2001 ; Geels  2002 ,  2004 ,  2010 ; 
Geels and Schot  2007 ; van der Brugge and Rotmans  2007 ) are based in complex 
adaptive systems theory (Prigogine and Stengers  1984 ; Holland  1995 ; Kauffman 
 1995 ; Gunderson and Holling  2002 ; Holling  2004 ) and a range of other literature 
including innovation and technological transitions, governance and evolutionary 
economics (e.g. Rogers  1983 ; Arthur  1988 ; Smith et al.  2005 ,  2010 ; Sabatier  1988 ; 
Nelson and Winter ( 1982 ). 

 In urban water systems, over time there have been a number of key water system 
management objectives linked to social values that have driven transitions to differ-
ent confi gurations of water systems that are designed to provide specifi c types of 

K.A. Daniell et al.
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service delivery functions. These water system management objectives and resultant 
changes in idealised urban water system types have come about as a result of a 
number of socio-economic, environmental and governance-related drivers as rep-
resented in Fig.  1.1 .  

 From Fig.  1.1 , we contend that the process of transitioning urban water systems 
towards more integrated, adaptive and sustainable confi gurations is a multi- 
dimensional process. Different objectives need to be increasingly integrated into 
urban water system management in order to be able to provide a variety of service 
delivery functions. The scope and dimensions of urban water systems that need to 
be considered also expand along with these objectives: from local to regional and 
regimes; from an intra-generational to inter-generational scale; and from sectoral to 
trans-disciplinary expertise requirements and approaches. As a result, the ‘tradi-
tional, technical, linear management’ approach that has been successfully applied in 
many urban water systems around the world and that focuses on urban water ser-
vices to just be concerned with their local population and environment is now typi-
cally found to be insuffi cient and ineffective to respond to the increasing complexity, 
uncertainty and confl ict that arises in water systems. Shifting paradigms and 
approaches towards more ‘integrated, adaptive, coordinated and participatory’ 

  Fig. 1.1    Drivers and resulting evolutions in urban water systems (Adapted and extended from 
Brown et al. ( 2009 ))       
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approaches to water management (Brown and Farrelly  2009 ; Daniell  2012 ), include 
urban water services as one part of the larger water cycle. It encompasses a river 
basin or larger special scale, the strengthening of institutional capacity and system 
resilience as keys for more successful transitions in urban water systems (Milman 
and Short  2008 ; UN-WATER  2012 ). 

 Many urban water systems around the world are undertaking actions to transition 
towards more sustainable confi gurations of urban water management, but the path-
ways may, and indeed should likely, be different with different barriers and hurdles 
encountered. From Australian experience, reported barriers in transitioning urban 
water systems to more sustainable confi gurations are largely socio-institutional 
rather than technical (Brown and Farrelly  2009 ). Transition pathways in other coun-
tries or regions may also take place at different rates of change with their own chal-
lenges (see examples in Tejada-Guibert and Maksimović  2001 ; Jenerette and Larsen 
 2006 ). For instance, the pathways adopted in Tanzania towards sustainable and 
community-based urban water management and the challenges they face (Cleaver 
and Toner  2006 ) would be different from the pathway adopted by Australia (Mitchell 
 2006 ; Brown et al.  2011 ), Sweden (e.g. Hellström et al.  2000 ), China (e.g. Bai and 
Imura  2001 ) and elsewhere. There is no one-size-fi t-all solution to the transition 
process within or between countries and urban areas. 

 Understanding how systems change, identifying drivers of change and direc-
tions of current and potential transitions supports more strategic decision-making 
for the adoption of more sustainable and fl exible technical infrastructure and 
 adaptive institutions (Pahl-Wostl et al.  2007 ; Pearson et al.  2010 ). Using different 
countries’ experiences, the purpose of this book is to illuminate and identify the 
challenges and opportunities that arise through urban water system transition jour-
neys, as well as how these systems can be piloted towards a more resilient and 
sustainable futures. 

 To support the challenges of understanding and managing urban water in transi-
tion, we have developed a multi-authored and multi-disciplinary book that brings 
together a range of perspectives from various parts of the world. In total, the book 
comprises 28 chapters written by 51 contributors. These chapters have been grouped 
into three general sections on:

    1.    Water supply and sanitation;   
   2.    Water demand and water economics; and   
   3.    Water governance and integrated management.     

 There is thematic overlap across the sections due to the inherent inter- connections 
of these facets of urban water systems. Each section also includes both theoretical, 
historical and case-study based investigations of transitions in different areas of the 
world. 

 Collectively the book is much more than the sum of its parts. It offers innovative 
insights, practical guidance and best practice insights for managing water in the 
twenty-fi rst century.  

K.A. Daniell et al.
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2       Drivers of Transition in Urban Water 

 In this section, we describe factors (internal and external) linked to those outlined in 
Fig.  1.1  that have, or will have, an important impact on the functioning of urban 
water systems in different parts of the world. For each of the drivers, we provide a 
brief description of issues involved and the resultant challenges they present for the 
effective functioning of current technical, economic or institutional models for 
urban water management. The general drivers of complexity, uncertainty and con-
fl ict are integrated into the descriptions of each of the drivers where most relevant, 
but interested readers are referred to the discussions on managing wicked or unstruc-
tured problems for more specifi c discussion on these issues (e.g. Rosenhead and 
Mingers ( 2001 ) for a general overview or Daniell ( 2012 ) specifi c to water manage-
ment). Section  3  examines how transitions in urban water systems are linked to 
these drivers. 

2.1     Population Growth, Demographic Change 
and Increasing Urbanisation 

 Population growth in many countries and migration of rural population to urban 
centres has resulted in rapid urban demographic growth. In developing (and to a 
lesser extent in developed) countries, this rapid expansion of cities provides many 
challenges, including for urban water management, such as how utilities in charge 
of water, sanitation and storm water management services are managed. 

 The fi rst challenge confronting water managers is the need to increase water sup-
ply in order to meet fast growing water demand. Satisfying urban water demand is 
particularly challenging in emerging economies where the effect of population 
growth on water use is accentuated by the increase in living standards. Local 
resources, in particular groundwater, are often overexploited that can generate a 
series of negative impacts including seawater intrusion, the decline of groundwater 
dependent ecosystems or land subsidence (e.g. Mexico City, Bangkok, Beijing, 
Jakarta). As local resources become insuffi cient to sustain urban development, cit-
ies typically seek to tap increasingly distant resources, through the development of 
dams, canals or piped transfers. This often leads to confl icts with stakeholders of 
rural territories, who oppose the predatory behaviour of cities that they consider to 
be grabbing “their” water resources (see Rinaudo and Barraqué ( 2015 ), Chap. 8 this 
volume, on inter-basin transfers). Non-conventional resources such as desalination 
or wastewater recycling can also be used to meet growing demand in the developed 
world, but their cost remains prohibitive for most cities of emerging economies. 
Water supply thus remains a major challenge in many parts of the world. 

 The second challenge is how to ensure that development of sanitation and waste-
water treatment infrastructure keeps pace with the galloping demographic growth 
and urban sprawl. The issue is particularly sensitive in developing countries where 

1 Understanding and Managing Urban Water in Transition
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largely unplanned, informal or slum settlements host a very large share of the 
 population (see for instance Makaudze and Gelles ( 2015 ), Chap. 5 this volume, for 
a South African illustration). What is at stake here is not only comfort and the 
 quality of life but also health, as is illustrated by the Zimbabwean case study of 
Nhapi ( 2015 ), Chap. 4 this volume and also by White and Falkland ( 2015 ),  
Chap. 23 this volume, in their Pacifi c Islands case study. It is also an issue of eco-
logical  sustainability as water borne pollution from cities can contaminate large 
parts of river systems located downstream, groundwater and/or estuary and marine 
ecosystems, threatening the resource base of rural communities in those areas. 

 Urbanisation alters the hydrological cycle. The increase in impervious areas (e.g. 
rooves, roads, paved areas) reduces infi ltration and groundwater recharge, accentu-
ating groundwater depletion. It also increases volumes of run-off, fl ash-fl ood risk 
and accelerates the transport of pollutants from urban areas to wastewater systems 
and downstream rivers and environments. As metropolitan areas grow, the size of 
the centralised infrastructures required to manage storm water become increasingly 
costly and space consuming, leading urban water managers to consider the use of 
small scale decentralised technologies for on-site retention, recharge and natural 
treatment of polluted stormwater in ponds, constructed wetland or root-zone treat-
ment facilities. The development of these decentralised technologies is increasingly 
integrated into urban development planning and not only considered as a water 
management issue (see Chap. 27 by Hussey and Kay ( 2015 ), this volume). Such 
approaches may promote ecological sustainability, though the production of eco-
logical services (biodiversity, fi ltration, artifi cial groundwater recharge), turning 
stormwater from nuisance into a resource. Urbanisation also alters the hydrological 
cycle through the increasing importation of “embedded water” in food and materi-
als bought, used and consumed by urban populations. For example, 2002 estima-
tions in Sydney showed that almost half of water consumed by households was 
embedded in their food compared to just over 10 % that was from the city water 
supply used for drinking, gardening and other household activities (ABS  2002 ). 

 Financing the development, maintenance and renewal of water supply, sanitation 
and storm water management of growing cities is another major challenge. As 
health and environmental standards in many areas of the world become more strin-
gent, the cost of water supply production and waste water treatment increases. 
In parallel, managers of urban water utilities are increasingly expected (by national 
regulators or by external donors) to recover investment and recurring costs thought 
higher user fees and charges. This cost-recovery objective is particularly diffi cult to 
achieve in poor countries where users’ capacity to pay for water services remains 
low (e.g. Makaudze and Gelles ( 2015 ), Chap. 5 this volume). In emerging and 
developed countries alike, there is also a risk that a non-negligible percentage of the 
population stops using services, as they cannot afford to pay for access to them. 
Higher water fees may also provide incentives for the better-off users to bypass 
public water systems which they fi nd to expensive, turning towards private supply 
solutions, such as private bore-well, rainwater harvesting and grey-water recycling 
systems (Montginoul and Rinaudo  2011 ). 

K.A. Daniell et al.
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 This cost recovery imperative may be in contradiction with the social dimension 
of sustainability of urban water systems. Population growth is often accompanied 
by demographic changes such as increased inequality and poverty. A key challenge 
faced by utilities consists in developing innovative poverty alleviation schemes that 
ensure fair access to water supply and sanitation without jeopardizing the economic 
sustainability of the system.  

2.2     Increasing Resource Scarcity, Including Water 

 The second main driver of urban water transitions, after demographic growth, is the 
increasing scarcity of resources needed to support human activities and lifestyles. 
Global analyses show that we are rapidly heading towards the limits of easily 
exploitable or renewable resources, and that this growing exploitation is having 
serious impacts on many human and ecological communities (e.g. Rockström 
 2009 ). For example, maintaining access to freshwater, clean air, healthy soil, phos-
phorus, energy and many other chemicals and minerals required for life, including 
food production (e.g. Lymbery and Oakeshott  2014 ), is an increasing challenge at 
many local, and sometimes, global scales; presenting signifi cant challenges for 
urban (and rural) populations. 

 Looking specifi cally at water resources, scarcity is currently not an issue when 
looking at global statistics (e.g. Palaniappan and Gleick  2009 ; Rockström 
 2009 ), but is locally often signifi cant due to a mismatch between freshwater and 
population distribution. This leads to confl ict at a local and regional level and to the 
need for cooperation over scarce water resources between different users (Delli 
Priscoli and Wolf  2009 ), including urban and rural populations or different states 
(e.g. California – Arizona dispute over Colorado water). This scarcity will be rein-
forced in the future by climate change and its hydrological consequences, including 
the potential for reduced reliability of reservoirs and reduced groundwater recharge 
in some locations. Scarcity, at least in the sense perceived by human populations, is 
also due to strengthening environmental regulations (e.g. the Water Framework 
Directive in Europe or Endangered Species Act in the USA) which have led to 
increased environmental water allocations in order to maintain ecosystem health 
and services, often at the expense of existing diversion infrastructures, which have 
their capacities reduced.  

2.3     Technological Innovation 

 Technological innovation is an important driver of change in urban water systems. 
In the 1980s and 1990s, transformations induced by technological innovation 
in the urban water sector mainly concerned water utilities, through the develop-
ment of new treatment technologies. The development of membrane fi ltration 
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techniques freed urban water managers not only from the water scarcity constraints 
(e.g. desalination, reuse) but also from environmental constraints (e.g. urban effl u-
ent treatment). Recent innovations in that domain include the integration of new 
treatment technologies into river basin management (spatial and temporal up-scaling) 
through groundwater replenishment programs (e.g. Orange county in California, 
Adelaide in South Australia, see also Nelson et al. ( 2015 ), Chap. 22 this volume) or 
indirect reuse (e.g. Singapore, see Kog ( 2015 ), Chap. 26 this volume). Simultaneously, 
there is a shift from chemical engineering to ecological engineering with the devel-
opment of innovative biological treatment technologies which provide a wider 
range of ecological services including water purifi cation, biodiversity, landscapes 
and storm water retention (Barraqué ( 2015 ), Chap. 9 this volume). This innovation 
seeks greater integration of water and land use planning (see also Sect.  3.5 , this 
chapter). The uptake of such innovation is limited by their costs, which make them 
unaffordable for many developing countries, by consumer acceptance problems 
(reuse in particular); and health-related regulatory constraints. 

 In parallel with large scale technological innovations, the water industry is devel-
oping innovative small scale technologies, targeting individual users (industrial, 
commercial and domestic water users). From reverse osmosis to grey water recy-
cling, technologies are, and will increasingly become affordable to individual users, 
who could choose to invest and by-pass collective public water services. Examples 
abound in Australia, where decentralised storm water management, drinking water 
treatment and wastewater treatment and recycling systems were promoted by public 
policies during the Millennium drought. The decentralisation process challenges the 
current technical and fi nancial organisation of water systems, based on the principal 
of universal public services (see Barraqué et al. ( 2015 ), Chap. 2 this volume). 

 Change in urban water systems is driven by organisational management innova-
tions in the fi eld of computing, information and communication technologies (ICT) 
that can be used for monitoring (e.g. sensors, smart meters, smart devices) and auto-
mation of increasingly interconnected systems (e.g. water grids). This is expected to 
lead to increased fl exibility of demand and supply in time and space. The develop-
ment of market instrument innovations (e.g. tradable water rights, option markets, 
spot pricing), by increasing water reallocation possibilities, will reinforce this evo-
lution. It is, thus, the combination of technological and institutional innovation that 
will allow increasing fl exibility and theoretically resilience of urban water systems. 
New ICT tools are also likely to drive changes in the relationship between users of 
urban water systems and those who operate them. The development of smart phones, 
home automation technologies and smart meters allow two-way communication 
between the managers and customers. This opens up new opportunities in terms of 
short term demand forecasting or use of spot water pricing for instance, such as 
what is already widely practiced in the energy sector. In the longer term such inno-
vations may allow improve tracking of water provenance/quality testing, and moni-
toring the risk and signs of potentially disruptive events (e.g. contamination attacks, 
ruptured or leaking water systems) over the long term. 

 Ongoing technological innovations described above offer opportunities for 
improving the performance of urban water services. Their uptake will, however, 
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depend on their cost and perceived added-value they provide compared to existing 
systems, as consumers and local politicians of most developed countries are reluc-
tant to implement changes that signifi cantly increase water bills or result in citizen 
discontent over the short term. Innovation uptake, thus, depends on organisational 
transformation in the water sector, as discussed in the next section.  

2.4     New Water Governance Approaches and Systems 

 Technological changes are typically accompanied by changes in terms of gover-
nance of urban water systems. The progressive development of decentralised tech-
nologies and infrastructures challenges traditional top-down and technocratic 
decision-making, requiring more collaboration and harmonisation across frag-
mented systems. The automation of water systems, from large supply networks to 
smart metering, can shift infl uence to experts capable of deciphering increasing 
mountains of data, whether at the large or local scale. In long-term planning, water 
utility managers now need to take into account the fact that hundreds of individuals 
or small groups can take independent investment decisions that are possibly incon-
sistent with their own objectives. They thus need to provide incentives (moral, eco-
nomic, infrastructural) to infl uence those decisions in their desired direction. This 
evolution drastically changes the relationship between urban water managers and 
users, and necessitates changes in communication strategies between these groups. 
Managers have to meet a growing demand for transparency and to effectively 
involve citizen, communities and other private actors in the regulation of water utili-
ties. In practice, consumer participation ranges from common sense customer care 
(one-way process) to cooperative ownership and management. Intermediate forms 
of participation include structured consultation procedures (such as public hearing, 
often mandated by law) and the participation to advisory committees or regulatory 
boards (Muller et al.  2008 ). This demand for transparency and participation by a 
range of stakeholders is particularly strong with public-private partnerships (PPPs), 
as private sector participation can be contested by citizens, consumer and environ-
mental associations and even by some elected politicians. Nevertheless, there 
remains a signifi cant gap between the recognition of participation as a citizenship 
right, as outlined in legal frameworks like the Aarhus Convention (UNECE  1998 ) 
and the actual practices to allow citizens expressing their preferences and griev-
ances. Bridging this gap is one of the main challenges urban water utilities will have 
to take-up in the coming years. 

 Another major governance change is the progressive integration of urban water 
systems with urban land use planning (vertical integration) and river basin manage-
ment planning (horizontal integration). Vertical integration takes place through 
technical, legal and economic cross-linkages between land use, water supply, sani-
tation and storm water planning documents. Horizontal integration requires urban 
water planners to consider broader environmental objectives at river basin level. 
In other words, river basin level environmental constraints “enter the city” and 
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simultaneously, the city is increasingly accountable for its impact outside its direct 
control area. A consequence is that urban water managers need to construct new 
coalitions with stakeholders with whom they did not previously have to interact.  

2.5      Changing Water Values and Cultures 

 Water is valued in many different ways by people. As a vital and non- substitutionable 
element of life for both humans and the environments they depend upon, people 
often have both spiritual and emotional attachments to water, as well as relation-
ships to it for specifi c needs (e.g. drinking, washing, growing food, recreation). As 
economic wealth and living standards of urban populations increase, water service 
benefi ciaries’ mindsets often shift, as can the relative importance of some of these 
different values and cultural relationships to water. This can drive changes in values 
and cultures, for example from that of users to customers who, paying non- negligible 
fees for water access and use, have growing expectations in terms of quality of the 
service and their rights, and those of the urban administration to use water for 
purposes they consider important (e.g. maintaining green lawns, washing cars or 
fi lling swimming pools). Customers of urban water systems typically expect greater 
reliability of supply, intermittent supply being perceived as an unbearable infringe-
ment on domestic comfort for which they pay. Consumers also expect water quality 
(bacteriological and chemical) to improve as their sensitivity to health risks progres-
sively rises. Meeting this new demand is a major challenge for utilities, as they may 
not have the technical capacities to improve the performance of the technical 
systems they operate. Public utilities may also lack the fi nancial means to carry out 
the required investments, partly because only a fraction of the customer base has the 
required capacity to pay for improved services. 

 The increasing use of water pricing as a tool to recover cost or to promote effi -
cient water use has also resulted in a growing opposition to the commodifi cation of 
water, with a growing demand from some social groups to treat water supply and 
sanitation as a basic right which should be freely accessible to all. Reconciling eco-
nomic effi ciency, cost recovery and equity is a major challenge which some utilities 
attempt to address social water rates while other prefer to treat equity outside the 
bill through traditional social programs. 

 Last but not least, many urban citizens are increasingly aware of the environmen-
tal impacts of urban water services and are sensitive to the aesthetic and recreational 
values of water in the city. Particularly in developed countries, this results in a 
growing demand for low environmental impact technologies (storm and wastewater 
treatment) and in some cases for scenic urban river ecosystems, which contrast with 
the strict and rigid urban environment. Water planners thus need to reconsider the 
design of infrastructure which no longer needs to be made invisible, but which can 
become a constructive part of the urban landscape (e.g. replacing underground 
stormwater storage with ponds and wetlands, and making river banks accessible for 
pedestrians) and valued for both its aesthetics and utility by residents.  
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2.6     Climate Variability and Global Changes 

 Climate variability and other global changes, including climate change, are signifi -
cant drivers of urban water management decisions. For example, urban water sector 
managers frequently need to make decisions concerning long-lived investments 
and to consider expected long term trends (and uncertainties) in terms of climate 
variability (e.g. lengths of likely dry/wet periods, and level and frequency of extreme 
hydrological events), demography, urban development, water demand, energy 
prices, technology and climate. 

 Climate change is a key driver of change, expected to have far reaching conse-
quences for urban water systems. Changes in temperature and rainfall patterns will 
affect available water resources (rivers and groundwater), in particular, during low 
fl ow periods; the quality of surface water resources (loads of contaminants and sus-
pended solids); fl ood risks and inundation patterns; and the state of water dependent 
ecosystems in general (Whitehead et al.  2009 ). Most urban water infrastructure will 
need to be adapted (capacity expansion), or operated differently, to cope with the 
new weather and hydrological conditions, including the reservoirs; inter-basin 
transfer schemes; wastewater treatment systems; storm water management schemes 
and other water infrastructure (e.g. desalination and water recycling plants; rainwa-
ter tanks). In coastal areas, many urban systems will be affected by sea level 
rise which will threaten systems in different ways, including: local water resources 
(e.g. sea water intrusion in coastal aquifers), low-lying supply and sanitation infra-
structure; and fl ood protection infrastructure. The challenges of climate change are 
not only technical, but economic, as the required adaptation will infl uence the cost 
of urban water services. 

 A major concern of urban planners and water managers is that the uncertainty 
attached to future climate predictions is signifi cant. This uncertainty is not likely to 
disappear as knowledge and climate models improve, implying that decision 
makers need to learn to live better with this uncertainty. A consequence is that new 
infrastructure should be designed to cope with a larger range of climatic conditions 
than in previous centuries and that this range will remain highly uncertain (Hallegatte 
 2009 ). This calls for new approaches that seek to either identify the most robust 
solutions (Graveline et al.  2014 ), defi ned as the most insensitive to climate condi-
tions, or very fl exible approaches that can be adjusted with changing conditions 
(Gordon  2013 ; Daniell  2013 ). Adopting such robust and/or fl exible decision making 
methods represents a shift in paradigm for water practitioners whose actions have 
long been driven by the search for optimal solutions, but their use is already emerging 
in the water sector (Groves et al.  2008 ; Daniell  2013 ). The diffi culties associated 
with the design of such fl exible strategies are illustrated with the case of Melbourne, 
Australia (Grant et al.  2013 ). 

 Climate is not the sole source of uncertainty that confronts urban water planners 
and managers. Population and economic growth, technology, water demand, energy 
prices and prevailing political conditions are also unpredictable variables. In this 
new context, the use of contrasted scenarios is increasingly used to identify robust 
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solutions (Graveline et al.  2014 ). Optimisation is progressively replaced with 
different practical decision making strategies. Hallegatte ( 2009 ) distinguished fi ve 
such strategies. The fi rst strategy consists in choosing “no regret” options which 
positive outcome over a wide range of future developments. The second is the 
“reversible strategy” which aims to keep the cost of making the wrong decision as 
low as possible, for instance by developing water infrastructures which can be 
upgraded at relatively low cost, or removed and relocated as sea-levels rise (Gordon 
 2013 ). The third is the “safety margin strategy”, which consists of calibrating new 
infrastructure assuming upper-bound estimates for some of the assumptions made, 
so that the solution implemented is able to cope with almost every possible future 
development (within current imagination); this solution is only feasible when the 
marginal cost of oversizing infrastructure is small compared to its total cost. The 
fourth strategy consists of developing institutional frameworks that promote fl exi-
bility and adaptation of individual agents to changing conditions, the “soft strategy” 
or “soft path” (Wolff and Gleick  2002 ). This includes long term planning strategies 
such as those included in water resource management plans in the UK or California, 
which impose thinking several decades ahead (see also Rinaudo ( 2015 ), Chap. 11 
this volume, on long run water demand forecasting). The use of economic instru-
ments such as water markets, option contracts and insurance are also illustrative of 
this strategy. They imply much less inertia, reduced risk of sunk costs in case of 
wrong decisions, than with hard adaptation strategies relying on infrastructure. 
The fi fth and last strategy consists of reducing decision making time horizons, 
acknowledging that uncertainty increases rapidly with time. This implies opting for 
technical solutions that have a shorter lifespan.  

2.7      Ecosystem Degradation 

 Ecosystem degradation is another signifi cant driver of the need for transformation 
in urban water systems. Decades of urbanisation and economic development have 
greatly increased the pressures on water resources and dependent ecosystems, 
including long term contamination, water resources depletion and loss of habitats 
and biodiversity in urban areas and their connected regions. The loss of ecosystem 
functions (e.g. water fi ltration/purifi cation; seasonal fl ow regulation; erosion and 
sediment control; and habitat preservation) has led to new costs to urban areas, as 
damaged natural assets have had to be replaced with artifi cial infrastructure such as 
wastewater treatment plants or storm water retention infrastructure. Despite grow-
ing social concerns and movements over environmental matters and halting degra-
dation since at least the 1970s, there is now a growing awareness that more effort 
should be dedicated to protecting river ecosystems within urban areas (rather than 
just those in “pristine” wilderness areas), to rebuilding and conserving remaining 
urban biodiversity (especially in the peri-urban fringe and along water corridors) 
and to managing pollution and increasing toxicity of the urban and linked rural 
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environments. Designing institutional mechanisms which encourage higher levels 
of protection of watershed hydrological services of protection of watershed hydro-
logical services (e.g. Postel and Thompson  2005 ) is thus one of the main challenges 
urban water managers will have to address in the coming decades, both in developed 
and developing countries.  

2.8        Political Ideology and Development 
of International Norms  

 Political ideologies, linked to different values related to water discussed in Sect.  2.5 , 
drive the development of different kinds of urban water systems, water policies and 
their governance structures. Ideological motivations have a great infl uence on policy 
choices, in particular concerning what services should be provided to the “public”, 
and how these are fi nanced, implemented and regulated. In urban water there are a 
few different political ideologies vying for attention and translation into the devel-
opment of specifi c forms of urban water infrastructure, policy instruments and 
governance structures. In much of the world, there is a strong political ideology that 
water, including in urban areas, is and should be treated as a public good, leading to 
policies and international statements enshrining the “Human right to water” into 
law (Republic of South Africa  1998 ; United Nations  2010 ). 

 Since the early 1990s, the recognition of the economic value of water (e.g. ICWE 
 1992 ) also laid the foundation for a neoliberal political ideology and model of water 
policy based on market centred governance of water resources and services. In the 
water and sanitation sector, private sector participation (PSP) was pushed by many 
national and international agencies and water associations, including the World 
Bank, IMF and World Water Council, based on the assumption that private institu-
tions are intrinsically superior to public institutions for the delivery of goods and 
services. The development of this ideology, which still underlies current policies in 
many parts of the world, resulted in the emergence of multinational or transnational 
private water companies who manage water systems and services in both developed 
and developing countries (e.g. Veolia, Suez). Despite this ideology dominating 
thinking in many urban centres, there is a growing recognition that the expected 
outputs of PSP in terms of effi ciency gains and extension of coverage towards the 
poorest social groups have not materialized. Some authors even suggest that “ poli-
cies based on a commodifi cation of water and sanitation services are intimately 
related to the increasing inequality that has been recorded in developing countries 
since the 1990s ” (Castro  2007 ). PSP has also been increasingly contested by citi-
zens and politicians, as such evidence has highlighted the weakness of States to 
exercise regulatory control over private operators, particularly in weak democracies 
(Castro  2007 ; Ohemeng and Grant  2011 ). The ideological movement that seeks to 
reverse private sector involvement in water services delivery to citizens, born in 
Latin America, is now gaining momentum in Europe and increasingly becoming an 
important local political issue (Barraqué  2012 ). 
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 A third signifi cant political ideology that attempts to drive urban water reforms 
but has not yet gained suffi cient power to force widespread policy changes is the 
green or ecologically rooted ideology that recognises that there are limits to growth 
and use of resources on the planet (see also Sect.  2.7  this chapter). Much of the 
environmental engineering paradigm (see Barraqué ( 2015 ), Chap. 9 this volume) 
and concepts like “water sensitive urban design” (see Hussey and Kay ( 2015 ), Chap. 
27 this volume) stem from this ideology. Such an ideology also underlines the need 
for a reworking of the neo-liberal economic system and power structures to decou-
ple economic growth from resource use, leading to it to support businesses based on 
renewable resources or environmental protection. The more moderate subscribing 
to such an ideology might also support economic instruments such as payments for 
ecological services, for example to protect drinking water catchments and reducing 
the need for chemical treatment and the energy costs associated with it. The fi nal 
ideology that is gaining some ground and driving change, but still relatively 
marginal in urban water, is that of deliberative democracy and the rights of all 
people to participate in decision-making processes that affect them. Such an 
ideology is evident in documents such as the Dublin Statement (ICWE  1992 ) or the 
Aarhus Convention (UNECE  1998 ) and has been translated into other policy docu-
ments like the European Union’s Water Framework Directive (EU  2000 ; see also 
EU  2002 ) or South Africa’s national water policy (Republic of South Africa  1998 ).   

3      Adaptations and Transformations in Urban Water Systems 

 Following on from the drivers of change in urban water systems and the challenges 
that these lead to, this section describes the resultant changes, adaptations and trans-
formations that are taking place in urban water systems. Here we describe these 
changes or directions of potential transition in terms of the desired movement in the 
urban water system. Many of these relate to the objectives in Fig.  1.1 . We also out-
line how the contributions of this book relate to these transitions or need for system 
movement in that direction. 

3.1     Improvements in Public Health and Equality of Service 

 Health impacts resulting from a lack of easy access to potable water and sanitation 
of an acceptable quality are still signifi cant in many places around the world. There 
are large inequities both between and within different countries on who is able to 
access water services of an acceptable quality, which is why one of the most signifi -
cant transitions in urban (and rural) water systems sought on a global level is for 
improvements in public health and equality of service. Such objectives have previ-
ously resulted in transitions to centralised water supply and sewerage systems, 
piped into individual homes, as discussed for example by Troy ( 2008 ) and Bichai 
and Smeets ( 2015 ) (Chap. 6 this volume). As Bichai and Smeets ( 2015 ) outline, this 
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is specifi cally as it has been easier to manage water quality systems in centralised, 
rather than decentralised systems, due to the ease of implementation of monitoring 
and treatment regimes. However, in response to other drivers such as increasing 
resource scarcity and alternative water governance systems and approaches, strains 
can appear in centralised systems in both developed and developing countries for 
different reasons. As Nhapi ( 2015 ) (Chap. 4 this volume) outlines, well performing 
water and sanitation system can rapidly cease to perform their key functions if the 
conditions for their effective management is not maintained. This was the case 
following a major economic and political crisis, where a water and sanitation 
system in Zimbabwe fell quickly into disrepair leading to a major cholera outbreak. 
In some developed countries, water security issues due to climate variability, change 
and potential reductions in water availability from traditional sources (e.g. dams, 
inter-basin transfers) in some regions, including Australia and Singapore have 
prompted suggestions for and implementation of recycled greywater and sewerage 
to be reinjected into potable water supply systems (see Kog ( 2015 ), Chap. 26 this 
volume on the Singapore case). This has led to concerns from some researchers and 
the public over the heightening of health risks (e.g. due to potential contaminants 
such as endocrine disrupting chemicals that are diffi cult for treatment systems to 
remove) in these centralised systems and led to the investigation of alternative 
decentralised and centralised water management options including “fi t-for-purpose” 
use of different water sources, which may carry their own health risks, as outlined 
by Bichai and Smeets ( 2015 ) (Chap. 6 this volume), Rinaudo et al. ( 2015 ) (Chap. 7 
this volume) when investigating use of bore water, and Reynaud and Garcia-Valiñas 
( 2015 ) (Chap. 16 this volume) who demonstrate how households react to informa-
tion on water quality by changing their consumption habits. Despite the potential 
issues that can develop around alternative systems and behaviours, Nelson et al. 
( 2015 ) (Chap. 22 this volume) discuss how systems of governance and regulation 
can be put in place to ensure adequate water quality across both urban surface and 
groundwater services, providing an example in California, USA. 

 Adoption of alternative water systems in the community can also lead to inequi-
ties in the quality and quantity of water accessible for use occurring in these affected 
areas. Inequity in access to water and sanitation is obviously also a major challenge 
in much of the developing world with many millions lacking these basic rights, as 
outlined in our introduction. Makaudze and Gelles ( 2015 ) (Chap. 5 this volume) 
speaking about working towards rectifying this situation in South Africa and Nhapi 
( 2015 ) (Chap. 4 this volume) on Zimbabwe, provide some insight into the challenges 
of service provision to all in the community, particularly some of the poorest urban 
residents living in slums. White and Falkland ( 2015 ) (Chap. 23 this volume) also 
provide some insights into the challenges in the Pacifi c Islands where traditional 
governance systems are challenged by increasing urbanisation. For areas that do 
have functioning centralised systems, there are ways of designing water tariffs in a 
way to ensure access to the poorest is possible, as outlined by Nauges et al. ( 2015 ) 
(Chap. 17 this volume) related to Egypt and Chan ( 2015 , Chap. 15 this volume), 
related to many systems around the world, including the specifi cs of what occurs 
in Australian tariffs in order to integrate social and environmental goals, and 
 responsibility for them, into the urban water sector.  
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3.2     Protection of Life, Livelihoods and Ensuring Well-Being 
(of Humans and the Environment) 

 A number of the drivers and the changes and challenges they induce in water systems 
have an impact on people’s lives, their livelihoods, their health and wellbeing and 
that of the environment. These have led to transitions in the urban water systems to 
protect and reduce the risk of loss of life, for example due to a lack of access to 
adequate water and sanitation, as outlined in the last section, or through special 
provisions for fl ood and drought management. For example, van Vliet and Aerts 
( 2015 , Chap. 25 this volume) highlight how initial modifi cations in urban environ-
ments at risk of riverine, estuarine or coastal fl ooding were made to protect popula-
tions from recurrent events through hydro-technic infrastructure like dams, dykes 
and levees. They show how we are seeing a transition past this paradigm of “build 
and protect” to one where it is important to acknowledge the importance of non- 
structural, adaptive measures such as “dry-proofi ng” (in the case of Rotterdam in 
the Netherlands) to reduce fl ood risk. Other authors (e.g. Hallegatte  2009 ; Wenger 
et al.  2013 ) acknowledge the need to leave room for fl oodwater and to reduce the 
risks associated with the failure of fl ood-defence infrastructure in more extreme 
climate events through the implementation of a range of both structural and non- 
structural measures (Daniell  2013 ). For urban areas built on deltas, these areas are 
also often rich agricultural lands that can benefi t from the water and sediments 
transported by fl oods if adequate compensation and insurance systems for crop and 
other material losses can be developed for land-owners who make their land 
accessible for “purposeful” fl ooding. This kind of transition to developing more 
non- structural measures to support urban water cycle management is a result of 
social and environmental drivers including amenity, access to, and quality of river-
ine environments for well-being. In some cases, as demonstrated by the case of the 
St Charles River in Quebec, Canada (Brun  2015 , Chap. 24 this volume), this has 
actually led to the removal of water infrastructure and “renaturation” of rivers in 
urban environments.  

3.3     Encouraging Resource Effi ciency or ‘Doing 
More With Less’ 

 Environmental and social imperatives, as well as economic ones have also led to a 
transition in urban water systems in terms of seeking high levels of resource effi -
ciency and “doing more with less” rather than just staying in the paradigm of 
increasing supply to match demand. This evolution is sometimes supported by 
regulations imposing water use effi ciency thresholds. The evolution towards a more 
resource effi cient society challenges the prevailing culture of water experts and con-
sumers alike, who tend to consider water resources as unlimited and demand as 
uncompressible. The objectives in these new systems are to attempt to develop 
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means of reducing water consumption, demand and waste (Guy et al.  2001 ), as well 
as ultimately to decouple economic growth from resource use (water, energy and 
other materials, minerals and chemicals) (e.g. Hargroves and Smith  2004 ; see also 
Kenway et al. ( 2015 ), Chap. 28 this volume, and Hussey et al.  2013 ). 

 In order to effectively transition to such systems, Troy ( 2015 , Chap. 13 this 
volume) highlights how more signifi cant changes than the water education and effi -
ciency programs currently implemented (e.g. low-fl ow shower-heads, dual-fl ush 
toilets and water-effi cient dishwashers and washing machine) will be needed for 
larger gains. These alternatives could include using potable supplies for only kitchen 
and bathroom uses then using treated wastewater or sewage for laundry and outside 
(e.g. garden) uses and installing dry-composting toilets. The role of water metering 
and pricing mechanisms is also acknowledged by Troy ( 2015 , Chap. 13 this vol-
ume) and Garcia-Valiñas et al. ( 2015 , Chap. 12 this volume) in inciting behavioural 
change that is required support a successful transition in this direction. Other issues 
of waste reduction are also important, adding considerably to urban water use and 
costs. For example, Dimova et al. ( 2015 , Chap. 3 this volume) looks at how better 
management of extraneous water can lead to better economic and environmental 
outcomes. There is widespread and growing interest in promoting conservation in 
the industrial and commercial sectors. As Renzetti ( 2015 , Chap. 14 this volume) 
outlines, governments in different countries are developing water conservation 
plans and manuals for fi rms seeking to reduce water use (e.g. target setting and 
benchmarking, and providing subsidies for water effi ciency measure in of small and 
medium-sized fi rms). Other governance mechanisms can also be implemented to 
seek effi ciencies in water management systems such as separation of water service 
functions (e.g. water and sewerage) or installing independent economic regulators 
with water services oversight (Reinhardt and Guérin-Schneider ( 2015 ), Chap. 20 
this volume).  

3.4     Commodifi cation and Economic Valuation of Water 

 Linked to the important transition to conserving and using water more effi ciently, 
and to improvements in health and equality of service is the increasingly wide-
spread transition to the commodifi cation and the economic valuation of water (see 
also Sect.  2.8  this chapter on the political driver behind this transition). With the 
acknowledgement of social and environmental values for water, and the limits to 
water access for many in urban systems from their own locally available sources 
(e.g. rooftop, well/bore, local river or lake) comes the possibility and often need to 
monetarise the purchase of water. Additional factors that lead to a transition in 
urban water systems to different economic valuations of water are: the need to 
recover costs of water supply and sanitation infrastructure development and mainte-
nance; to manage demand; to ensure adequate returns for public or private stake-
holders; or to create water transfer and trading systems. Although a few urban areas 
around the world still provide water for no cost to residents (see Chan ( 2015 ), 
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Chap. 15 this volume, for details), many urban residents have to pay for water, 
either from local water authorities, or legal or illegal vendors, as occurs often in 
slums or some other disadvantaged urban districts. Often these water charges, typi-
cally paid by the poorest, are much higher per litre than what richer residents would 
pay for a much better service (see Swyngedouw ( 2004 ), for a discussion of these 
issues in Bolivia). However, in many areas where there is a culture of free access to 
water (which is typical in many rural areas around the world), and water services are 
provided to urban residents through government or donor-fi nanced programs, water 
authorities can struggle to enforce payment of water bills and hence face diffi cult 
challenges for cost recovery of the services (see for example Makaudze and Gelles 
( 2015 ), Chap. 5 this volume, on the challenge of implementing this transition, 
desired by some but not by others, in the South African context). 

 Economic valuation and tariff setting of water typically varies on a number of 
factors, as Chan ( 2015 ), this volume, outlines that include water pricing: principles 
and objectives; processes and tariff structures; and desired outcomes, linked to other 
policies. Prices may not be relatively static like different types of block tariffs, but 
be more fl exible and dynamic, like for example spot pricing, seasonal water rates or 
scarcity pricing (Grafton et al. ( 2015 ), Chap. 19 this volume; Grafton and Ward 
 2010 ) or those that refl ect the cost of current consumption and opportunity costs of 
future supply (Sibly and Tooth ( 2015 ), Chap. 18 this volume). Grafton et al. ( 2015 ), 
Chap. 19 this volume, show that the economic benefi ts of effi cient volumetric pric-
ing in net present value terms would have been worth about $A1,900 per Sydney 
household if it had been instituted before the decision to construct a desalination 
plant in 2007. 

 The ability to use price as a demand and supply augmentation control variable is 
facilitated by the spread of technological innovation. For instance, smart meters 
allow consumers to better understand and monitor their own consumption and adapt 
their practices to respond to changes in tariffs. More fl exible pricing systems, like 
those that represent the prevailing market value in a region, as in some trading sys-
tems, also present opportunities and challenges under this new paradigm. For exam-
ple, Nelson et al. ( 2015 ), Chap. 22 this volume, show how innovative legal 
frameworks can help to overcome diffi culties in rural-urban water trading and 
encourage more effi cient use of scarce water resources. Although some consider 
that there are potentially ecological and social externalities created by a re- 
engineering of the water cycle through trading and the physical infrastructure that 
allows it between typically non-hydrologically communicating systems, this transi-
tion pathway is starting to accelerate in many places, including those where it may 
not have been expected, like in China (see Squires et al. ( 2015 ) for greater discus-
sion on these challenges and the resulting transitions). 

 A side effect of this transition to commodifi cation is that it increases the cost of 
water services for large users or residents and who may decide to develop their own 
water supply or sanitation systems. While the development of independent water 
supply systems remains a limited phenomenon, it could threaten the long term tech-
nical and fi nancial sustainability of public water services in the future. The main 
question is how to cover fi xed costs when the customer base erodes?  
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3.5      Low Impact Development or “Water Sensitive 
Urban Design” 

 In order to enhance environmental and aesthetic outcomes in urban settings, and to 
overcome many of the challenges highlighted in Sect.  2 , there is a strong push by a 
number of water academics and stakeholder groups to transition urban water 
systems to forms of lower impact development or “water sensitive urban design” 
through use of more ecosystem-based approaches and technologies such as wetlands 
and renaturation of rivers, coupled with decentralised collection, treatment and 
fi t-for purpose reuse strategies (e.g. NWC  2011 ; Hussey and Kay  2015 , Chap. 27 
this volume; Brun  2015 , Chap. 24 this volume). The “Water Sensitive Cities” 
Cooperative Research Centre in Australia, 1  are seeking to champion these concepts, 
as are other groups within governments in a less direct manner, like the Offi ce of 
Living Victoria in Australia with its new Melbourne water strategy based on 
Integrated Water Cycle Management analyses and the resultant mix of centralised 
and decentralised systems that are intended to increase urban system sustainability 
and water use effectiveness and effi ciency (Coombes  2012 ; OLV  2013 ; see also 
Reinhardt and Guérin-Schneider  2015 , Chap. 20 this volume, on the context of 
these reforms). Although there are increasing numbers of relatively small-scale 
projects, showing the potential for a transition to these forms of water cycle 
management, in most cases, generalised uptake of these kinds of systems are only 
in pre-development or just starting to “take-off” (see van der Brugge and Rotmans 
 2007 ). Further implementation faces a range of challenges and political struggles as 
outlined by Keath and Brown  2009 ; Brown et al.  2011 ; Daniell et al.  2014 ; Farrelly 
and Brown  2011 ; and Hussey and Kay  2015 , Chap. 27 this volume.  

3.6     Integrated or Whole of Systems Approaches 

 An extension of the “water sensitive urban design” concept is a transition to inte-
grated or whole of systems approaches that implies that all resources and issues 
within a specifi c boundary will be treated managed holistically towards having the 
most sustainable and self-suffi cient system possible. The kinds of urban resources, 
stocks and fl ows considered in these approaches cross multiple boundaries and 
include water/energy/materials/food/waste/land/social/economic nexus issues 
which are all vital to the sustainability of urban systems (Sheehan  2007 ). One con-
cept that represents this kind of urban systems approach is the “urban metabolism” 
that looks at inputs and outputs to cities and the quantities of “embodied resources” 
used in the development of other resources: for example, the quantity of energy used 
in Water production (Kenway and Lant  2015 , Chap. 28 this volume) or water 
used in energy production (Hussey et al.  2013 ). There are also a range of other 

1   http://watersensitivecities.org.au 
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“integrated” approaches that seek to address issues previously siloed in urban water 
management collectively, such as surface water and groundwater (Nelson et al. 
 2015 , Chap. 22 this volume) or seeking to make multi- rather than single- objective 
evaluations, for example of economic, social and environmental costs and benefi ts 
to urban water system infrastructure renewals and development (see Marlow et al. 
 2015 , Chap. 10 this volume). 

 Transitions to integrated approaches are becoming more widespread in the urban 
water industry (see Barraqué  2015 , Chap. 9 this volume on the growing paradigm 
shift to “environmental engineering” from previous “civil engineering” and “sanitary 
engineering” approaches. Nevertheless, there is still typically more work required to 
achieve more seamless integration of urban resource management, planning and 
maintenance systems that are required for the effective understanding and imple-
mentation of whole of systems approaches.  

3.7     Resilient and Adaptive Systems 

 Moving from the structure and content of the urban system and its management, to 
its ability to respond to a range of drivers in Sect.  2 , the next transition of urban 
water management systems we consider is one to more resilient and adaptive 
systems. Previous urban water paradigms have focussed on the robustness and reli-
ability of urban water systems to respond to population demands and climate 
extremes. There is an increasing recognition that the robustness of systems may 
actually lead to more catastrophic failures if the system design parameters are 
exceeded by extreme events. 

 A transition to developing more resilient systems that able to bounce back from 
extreme events and more effectively adapt to changes in urban and their linked rural 
and global systems is sought in many urban water management systems around the 
world. This can, hopefully, occur by ensuring a requisite variety of water systems 
and capacity to respond effectively under such pressures as population and political 
changes, fl oods, droughts, storms, sea level rise, pollution, contamination, or dis-
ease outbreaks, or other signifi cant events such as climate step changes, dam breaks, 
earthquakes, tsunamis, electricity failures, or fi res (e.g. Daniell  2013 ; van Vliet and 
Aerts  2015 , Chap. 25 this volume). 

 There are many tools that are available to support the acceleration of this transi-
tion. These include: improving long-term water demand forecasting modelling 
(see Rinaudo  2015 , Chap. 11 this volume) and understanding the determinants of 
not only residential but industrial, commercial and institutional water demands 
(Renzetti  2015 , Chap. 14 this volume); understanding how price and other non-
economic factors infl uence water users’ behaviours, including their choice of uptake 
or installation of their own “water security” measures (e.g. bores, rainwater tanks) 
to ensure their own resilience to extreme events and changes in the urban water 
landscape (Troy  2015 , Chap. 13 this volume; Garcia-Valiñas et al.  2015 , Chap. 12 
this volume, Rinaudo et al.  2015 , Chap. 7 this volume); the adoption of pricing 
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mechanisms for water that are themselves more adaptive to prevailing conditions 
(e.g. Sibly and Tooth  2015 , Chap. 18 this volume; Grafton et al.  2015 , Chap. 19 this 
volume; Grafton and Ward  2010 ); and by encouraging increased hybridisation and 
potentially redundancy in urban water systems that leave them potentially less 
vulnerable and more resilient and adaptive to a range of foreseen and unforeseen 
events (see also Sect.  3.9  and Hashimoto  1982 ).  

3.8      Participatory Democracy 

 An important transition that is ‘taking off’ in urban water systems is one to a more 
stakeholder-inclusive and participatory democracy approach to decision-making 
related to urban water and planning for its future (see also Sect.  2.8  on the political 
ideology underlying this transition). This transition is manifested through the 
integration of a wide range of stakeholders in decision-making and engagement 
processes around water management, typically for reasons of equity, empowerment, 
developing shared understandings of values, cultures and problems in order to 
have a platform for the development of more broadly accepted and legitimated 
urban water decisions, which will suffer less opposition to implementation and 
(e.g. Creighton  2005 ; Dryzek  1990 ,  2010 ; Daniell  2012 ). 

 Participation can take place in a variety levels, from lower levels of interaction in 
simple information provision and consultation (seeking feedback on proposals/
policies/plans), to more interactive and engaged joint analysis and decision-making, 
or even citizen-controlled decision-making, as in the case of some community 
collectives or individuals managing decentralised urban water systems. Participation 
initiatives and stakeholder inclusive approaches to urban water management can 
involve just individual or a variety of urban water issues in the same process. Single 
issue examples include initiatives such as citizen’s juries or consensus conferences 
like the Australian Weather Channel’s televised citizen jury in 2006 (which also 
enabled viewers to vote via mobile phone text message) on whether Sydney should 
build a desalination plant or not, the French consensus conference in 2003 on 
what should be done with wastewater treatment sludge, and the public debate in 
Paris, France, in 2009 on the future of their double pipe water network system 
(Bedu  2010 ). 

 Examples of processes that have a wider remit, such as most participatory 
planning or more creative empowerment and education initiatives, include 
“re- imagining” urban or degraded rivers through fi eld visits and creative writing in 
South Yorkshire, UK (Selman et al.  2010 ), understanding the role of water and why 
it is valued in urban residents’ lives through participatory photography in Nantes, 
France (Bedu  2010 ) and multi-level stakeholder processes for developing strategies 
to better cope with fl ood and drought risks in Sofi a in Bulgaria, or estuarine and 
lagoon planning in the Lower Hawkesbury (northern Sydney, Australia) and the 
Thau Basin (next to Sète in France) (Daniell  2012 ; Plant et al.  2014 ). Even if such 
processes are not yet really widespread, the increased sensitivity and awareness of 
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urban populations in many parts of the world to environmental and social issues 
related to water (water pollution, scarcity issues, cost of living pressures) in the 
population puts additional pressure on water utility managers and governments to 
disclose information on water quality, as well as on industrial users to protect water 
sources, to reduce pollution discharge into the water bodies, and to increase water 
recycling/recirculation. The issue of increasing household awareness and sensitivity 
to such issues is discussed in Reynaud and Garcia-Valiñas ( 2015 , Chap. 16 this 
volume) and Reinhardt and Guérin-Schneider ( 2015 , Chap. 20 this volume) and 
social pressure on industrial fi rms is discussed in Renzetti ( 2015 , Chap. 14 this 
volume). 

 In some cases, social opposition to particular urban water decisions, such as the 
planned building of new dams, or of inter-basin transfers (see Rinaudo and Barraqué 
( 2015 ), Chap. 8 this volume) can ultimately lead to a reversal of these decisions 
unless views of the large majority can be changed. For smaller disputes such as 
between customers of water authorities and these authorities, sometimes formal and 
informal mechanisms can be put in place to manage and/or resolve these in an 
orderly fashion such as customer service obligations (CSO), consumer advocacy 
groups or Ombudsman agencies, like the Independent Energy and Water Ombudsman 
in Australia. In some places around the world public participation in all water 
management, including in urban areas is mandated, as for example through the 
European Union’s Water Framework Directive and the Aarhus Convention, yet 
exactly what this implies and its implementation in reality is far from widespread in 
many urban water decision-making processes.  

3.9      Decentralisation, Diversifi cation and Hybridisation 
of Water Systems 

 One of the most important transitions in urban water management, visible in 
recent decades, is the diversifi cation and hybridisation of water management 
systems. Combinations of decentralised and centralised systems are increasingly 
being adopted, as well as a range of public/private and even community-sector 
fi nanced, managed, and operated systems. These aspects are discussed by a number 
of our authors (Reynaud  2015 , Chap. 21 this volume; Reinhardt and Guérin-
Schneider  2015 , Chap. 20 this volume; Hussey and Kay  2015 , Chap. 27 this 
volume; Barraqué  2015 , Chap. 9 this volume). This transition to a diversifi ed or 
hybrid system (from a largely centralised, or largely decentralised, system) has 
developed in relationship to a range of competing objectives, including enhancing 
water security through the development of system robustness or resilience. This 
diversity refl ects the innate tensions in the different societal values that underline 
constructions of sustainability (e.g. effi ciency, equity, ecosystem and population 
health, participation, prosperity) and their relationships to urban water manage-
ment systems. 
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 Issues of water supply security due to climate variability and change, can also 
lead to a diversifi cation of centralised systems from for example rain-fed dam water 
to both centralised non-rain-dependent systems like desalination and waste-water 
reuse and decentralised options where households and districts develop additional 
water systems to self-provide additional security (e.g. rain-water tanks, groundwater 
bores, local greywater recycling and sewer water mining and treatment). Likewise, 
diversifi cation is seen in waste and storm-water systems to deal with changing 
environmental, social and economic conditions. Water-sensitive urban design pilot 
programs now sit nestled alongside centralised systems, and there are increasing 
efforts to “renaturalise” water ways for aesthetic and fl ood attenuation reasons 
(e.g. Hussey and Kay  2015 , Chap. 27 this volume, Brun  2015 , Chap. 24 this volume), 
as to septic tanks and ecological treatment systems in some urban areas. 

 Changing governance systems, from purely publicly or locally operated water 
systems to the increasing participation of the private sector in water services and 
infrastructure provision, maintenance and governance has also led to the hybridiza-
tion and diversifi cation of water systems, through for example public-private part-
nerships (PPPs) (see Reynaud  2015 , Chap. 21 this volume). Urban households may 
also have the choice to either self-manage water, have it supplied buy either public 
utilities or private vendors, as is becoming increasingly possible in both developed 
and developing countries (Gleick  2005 ; Swyngedouw  2004 ). Such hybrid models 
are not always easy to manage or provide equitable or sustainable outcomes for 
users of the system. For example on PPPs, there are many different models with 
alternative allocations of risks and responsibilities under different arrangements. 
Although many in the water sector had hoped that PPPs would lead to effi ciency 
gains, there is only mixed empirical evidence that PPPs have so far managed to 
signifi cantly improve technical effi ciency, cost effi ciency or reduce water prices. 
Nevertheless, as these systems now play an important role in many of the world’s 
urban water systems, concentrating on improving governance, accountability, trans-
parency in the contractual arrangements will be important for achieving more long 
term sustainable outcomes (Reynaud  2015 , Chap. 21 this volume chapter, Reinhardt 
and Guérin-Schneider  2015 , Chap. 20 this volume). Increasing citizen interest in 
water matters is also leading to the decentralisation (or perhaps more correctly 
localisation) of issues and the development of “fi t-for-community” urban water 
systems and programs, as discussed in Sect.  3.8 . 

 Other hybrid systems are developing in response to managing competing politi-
cal ideologies (Sect.  2.8 ). For example, private sector participation in urban water 
systems can be accompanied by strong regulatory bodies to regulate prices and 
environmental impacts, to guarantee yardstick competition and to allow public pres-
sure through citizen advisory groups. The British solution embodied by OFWAT 
(The Water Services Regulation Authority) is maybe a good illustration of this 
“middle strategy”. Alternatives to State or market models are also likely to emerge, 
involving greater cooperation driven by voluntary association and more decentral-
ised organisation. Hybrid models are also likely to emerge, with private, public and 
community actors being simultaneously involved in various forms of water supply 
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services and possibly competing for clients. The delivery of water services is not a 
simple choice between private or public, distributed governance and hybrid forms 
of organisations will need to be invented. Developing such alternative models will 
require radical changes in the way national and international policy makers approach 
this matter. This will only happen if the level of effort and political commitment are 
substantial enough to counter balance the inertial forces set in motion by the neo-
liberal model and/or government operated monopolies that currently share most of 
the power in urban water around the world.   

4     Perspectives: Challenges and Future Uncertainties 
for Urban Water Systems in Transition 

 The two previous sections have shown that the transformation processes in which 
most urban water systems are engaged are characterised by great uncertainty 
concerning the fi nal outcome. Today, the main uncertainties that confront water 
managers and impact their decisions in terms of infrastructure dimensioning or 
phasing of investments include those around future water demands, water 
resource availability (for example due to climate and competition) and tech-
nology costs. 

 While we are witnessing social, economic and environmental imperatives infl u-
encing some management choices, tomorrow’s water managers might have to make 
decisions which could set in motion radical shifts in term of business models, con-
ceptions of social justice, organisational set-up and trade-offs between environmental, 
economic and social objectives. Managers will need to anticipate transition in urban 
water systems and navigate confl icts in systems of political and social values in 
order to avoid options that too strongly lead to system “lock-in” and failure if the 
conditions that led to that option being successful change. It is possible that “no 
regret strategies”, if they can be identifi ed, may make good fi rst choices, but some 
kinds of lock-in and system inertia are likely regardless of the chosen paths. 
Challenges will remain signifi cant and different between developing countries and 
rich nations. Technological innovations and management strategies will be required 
to alleviate some of the most signifi cant health and social issues associated with a 
lack of access to adequate water and sanitation. 

 Our key intentions for this book is to show that the drivers of change and resulting 
transitions that are occurring in urban water management are not only related to the 
choice of water technologies and infrastructure systems, but also to organisational 
confi gurations, legislation, aid programs, social habits and values, policies, political 
ideologies and the management of societies. We believe that this volume provides 
many insights into this crucial global challenge and inspiration for the creation of 
more sustainable and resilient societies in the future.     
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    Chapter 2   
 How Water Services Manage Territories 
and Technologies: History and Current Trends 
in Developed Countries 

             Bernard     Barraqué     ,     Laure     Isnard     , and     Julien     Souriau    

1            Introduction 

 In recent decades urban water services have been confronted by new challenges 
questioning their sustainability. As detailed in previous chapters of this book, there 
have been environmental issues and climate change issues which require more effi -
cient use of energy and water resources; and now the rise of ‘water poverty’ pro-
vokes renewed interest into social sustainability. At the same time, full cost recovery 
is broadly advocated, public subsidies are coming to an end, precisely when water 
services are facing calls for huge investment to renew their assets. Technical, eco-
nomic, and social solutions have been provided by urban water industries and regu-
latory agencies, demonstrating that some of these challenges can be addressed. But 
the institutional and functional organisation of water services is also affected by 
these changes, which underlines the important governance issues that arise when 
crises occur and change is needed in urban water management. 

 This chapter aims at setting the historical framework of the evolution of urban 
water services governance. It looks at various countries and sets out a description of 
their past technical and territorial evolutions within a context of institutional path 
dependencies (Putnam  1993 ). We develop here a socio-historical comparison of 
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urban water services that was initiated almost 30 years ago by a research lab which 
focused on innovation in urban networks (Dupuy  1984 ). Each country develops a 
specifi c organisation of its water services, depending upon the role of the state and 
its relations with local authorities, or upon geography and jurisdictional aspects 
(Guerin-Schneider et al.  2002 ). However, a historical analysis of the evolution of 
water services in developed countries, where the water industry has reached a cer-
tain maturity, can provide an opportunity to reveal common trends in governance 
evolution. For this reason we propose in this chapter to review the functional and 
institutional paths of well established urban water services observed in Western 
Europe, Australia, and the United States of America. The chapter mainly focuses on 
drinking water services issues, but we call upon examples in waste water services as 
well, as there is a clear interaction between them in most of the cases studied. 

 We identify four major themes that have emerged in urban water sector gover-
nance when one looks at how territories and technologies in water services have 
evolved. These are, in turn, (i) the evolution of private sector participation in urban 
water services and the recurring public vs. private debate; (ii) the emergence of two 
opposite but complementary trends in territorial scales of infrastructure manage-
ment and stakeholders’ participation, from up-scaling to down-scaling; (iii) the 
potential alternative to these territorial reorganisations offered by various degrees of 
integration/unbundling of local public services; and (iv) lastly, the increasing recon-
sideration of the relationship between urban water services and water resources, as 
illustrated by the ‘Water Framework Directive’ set by European legislation (WFD 
2000/60/EC, for integrated river basin management in Europe, adopted on 23 
October 2000) the requirements of which imply that water policies must from now 
on start with the aquatic environment’s recovery, i.e. improving  territorial  manage-
ment before looking for  technological  solutions. 

 A lot of existing literature focuses only on the public vs. private debate (Bakker 
 2003 ; Bauby  2007 ). We argue that granting importance to this antagonism may 
result in overlooking other dimensions of the water services constitution. To give 
just one example, the well known and hotly debated divestiture and full privatisation 
of water services in England and Wales in the 1990s tends to obscure the much more 
important structural move – i.e. a progressive centralisation of water services 
towards the scale of supposedly ‘optimal’ water resources management (the scale of 
10 regional water authorities) (Saunders  1983 ). We have long argued that the four 
themes of the evolution should be considered together, since it would better show 
the mutual infl uence of geographic, socio-economic, and political contexts on the 
scaling and technical–fi nancial arrangements of water supply and sanitation (WSS) 
in various countries (Barraqué  1992 ; Pezon  2006 ). Additionally, we argued that 
resource management institutions and urban water services institutions should be 
studied separately, as their scales, laws, and economics differ in developed coun-
tries, and therefore discussions about privatisation of water resources and of urban 
water services should be held separately too (Barraqué  2003 ). It is all the more 
important that recent evolutions, in particular the E.U. WFD, tend to re-articulate 
the territories of services and those of resources, for the sake of reducing the ever 
increasing costs incurred by ‘end-of-pipe’ technologies. 
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 The four themes of water service governance have followed different trends in 
the studied group of countries selected here. However, when studied collectively, 
they offer a heuristic approach to encapsulate the past and current trends in urban 
water services governance. The governance issues related to these four themes will 
be introduced fi rst by a short insight into the ongoing institutional and functional 
evolutions of the urban water services governance in the Paris region, as we have 
studied it most thoroughly. It offers an interesting case of how complex these issues 
can be, even though Paris is neither a model nor an extraordinary case.  

2     A Vast Array of Public–Private Arrangements 

 In the 1990s, the World Bank promoted private sector involvement aimed at improv-
ing urban infrastructure in developing countries, including WSS services. In less 
than a decade, many Third World NGOs organised a strong opposition to it, and 
their arguments against the social and political impacts of private sector participa-
tion on WSS services were rapidly taken up in OECD countries, where private par-
ticipation was sometimes an ancient fact, as for example in France. Hence, a new 
phase of global debate opened up on the limits of private sector technical and fi nan-
cial involvement in WSS; it is now accepted as a conventional issue and discussed 
in the media. 

 However, history teaches that most countries developed their water services 
through a varying mix of public and private participation in the fi nancial, technical, 
and institutional aspects, resulting in a wide range of hybrid governance models. A 
review of public–private partnerships in WSS might then focus on the implications 
of this hybridisation, rather than staying polarised in arguments supporting either 
public or private models. 

2.1     Focus on the Paris Region 

 Historically, Paris’s water services were developed with a mixed involvement of 
public and private partnerships which shared responsibilities, risks, ownership, etc. 
Since its creation in the early nineteenth century, the water service has shifted from 
fully public “in house” provision by a municipal department (but with several pri-
vate supply systems for monasteries, hospitals, and palaces) to a growing but partial 
delegation to private companies. Typically, Baron Haussmann, appointed Prefect of 
the Seine County in 1853, set up a public monopoly for the production and distribu-
tion of water in Paris, but he contracted with a new private partner, Compagnie 
Générale des Eaux ,  to connect water customers, run the meters, and collect water 
bills. 
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 More recently, a mixed economy company was set up in 1987 in order to take full 
charge of the transport and production of all the drinking and non-drinking water in 
Paris: the SAGEP was born. SAGEP shares were owned 70 % by the City of Paris 
and 14 % each by two private companies Générale des Eaux (now Veolia) and Eau 
& Force (Suez group), the rest, for legal reasons, being held by other public institu-
tions. Furthermore, in 1985 these two private companies (Suez and Veolia) were 
entrusted with water distribution, billing, and network renewal in Paris through a 
25-year management contract, with Générale des Eaux operating on the right bank 
and Eau & Force on the left bank of the Seine. 

 At the end of December 2009, the management contract signed with the private 
companies ended and all the water service activities reverted to fully local public 
management. Indeed, the left wing and green parties were in power – they had won 
the municipal elections in 2001 and again in 2007 – and Mayor Delanoë had offi -
cially announced his intention to reclaim the complete chain of potable water provi-
sion in Paris. Thus, on 1 January 2010, SAGEP (relabelled Eau de Paris) was 
changed into an EPIC (public department with separate budget and private law sta-
tus) which was now in charge of all water services in Paris, from water resource 
protection to water production and distribution to 93,000 Parisian subscribers. 1  But 
it was impossible for the new EPIC to set up its own billing system rapidly enough, 
so Paris had to sign an additional 18-month service contract with its two former 
private operators in order to bill water services during the transition period to a fully 
public water service, which is now completed. 

 By way of comparison, in 1923 Générale des Eaux (Veolia) signed a manage-
ment contract with SEDIF, the biggest joint board in France supplying 4 million 
inhabitants in 144 surburban communes around Paris. This contract fi nished at the 
end of 2010, but the majority of member communes of SEDIF voted to remain with 
the formula delegating water services, and the tendering for the services contract 
renewal was again won by Générale des Eaux. However, several communes tried to 
quit SEDIF in order to create their own independent joint board and public water 
service, following Paris’s steps. On the south of SEDIF’s territory, two communes 
reclaimed their water services into a new board named Communauté des lacs de 
l’Essonne, but at the time they could only change their water producer from Veolia 
to Suez, as their water supply depends on buying water from an existing water pro-
duction plant, until they have access to one of Paris’ long distance aqueducts, which 
runs trough their territory. On the east of SEDIF’s territory, nine other communes, 
representing 10 % of SEDIF’s total water consumption, also decided to reclaim the 
competence of water supply and waste water management under a joint institution 
named Est Ensemble. But the lack of alternative secure water supply forced the 
member communes of this new entity to stay within the SEDIF structure for another 
2 years or more – until they could obtain the technical capacity needed to operate 
their own water service, purchase water from Paris or other private water producers, 
or to again delegate the water service management to a private operator. 

1   In 2009 2.2 million inhabitants lived in Paris but the water utility runs only 93,000 subscriptions 
as there is usually only one meter per building. The water bill is split between the households living 
in the building. 
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 Thus, if we just consider the Ile de France region, there are now diverse formulas 
for the provision of water services, with different public–private combinations. The 
territories are modeled on the historical capital, keeping mostly public but leaving 
their own suburbs in the hands of the private sector for water supply. However, sew-
age treatment remains operated by a regional board set up back in the 1930s, which 
maintains this part of the water industry in public hands. Such complex public–pri-
vate mix is quite common in France, but also in other countries.  

2.2     The Diversity of Water Supply and Sanitation (WSS) 
Models in Developed Countries 

 A quick overview of WSS services in developed countries provides a wide range of 
public–private partnerships formulas. Instead of a clearly defi ned segmentation 
between public and private models, we consider there is a continuum ranging from 
completely public to completely private water services, with all sorts of hybrid 
arrangements in between. 

 In the USA, 85 % of water services are public commissions run directly by local 
governments and cities; the other 15 % are investor owned, i.e. fully private water 
services. In Germany and the Netherlands, the participation of private sector in 
water services remains quite low: WSS services are independent utilities (local and 
integrated in Germany, regional and unbundled in the Netherlands), operating under 
private law, but usually owned 100 % by local governments and counties. Countries 
such as France and Spain developed a wide array of public–private combinations 
resulting in variable local situations. The very common public–private mix is one 
where local public authorities keep the responsibility over the service and owner-
ship of the assets, while a private company partly or completely operates it. At the 
private end of the public–private continuum, the UK decided in the 1980s to fully 
privatise WSS, selling all the assets of the 10 existing regional water authorities to 
private capital, and placing the resulting companies, plus the historically surviving 
smaller ‘water only’ companies, under the control of powerful national regulation 
agencies. Italy was attracted by the English model and decided – with the 1994 Galli 
Law – to ban local direct public management and to promote private participation 
in new ‘optimal territorial ambits’ set up at the level of provinces, in order to attract 
private sector funds and participation. Beyond such diversity, is there a possible 
common analysis?  

2.3     A Common Evolution Toward Hybrid Partnerships? 

 A historical overview shows that there is a clear evolution of water services man-
agement toward hybrid public–private organisations. In most European countries, 
water and sanitation services in major cities were fi rst developed by private 
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companies in the nineteenth century, which were often replaced by municipal 
departments or transformed into public companies in the early twentieth century 
and managed under direct labour (Guerin Schneider et al.  2002 ). This happened fi rst 
in Britain (Millward  2000 ; Saunders  1983 ), and the example was later followed on 
the European continent; except that in the continental cases the earliest water ser-
vice companies were frequently held by foreign capital and attracted quicker criti-
cism by the public (Calabi  1980 ). For instance, in Italy the 1903 law banned private 
management of water, gas, and transport utilities and replaced them with the (pub-
lic) formula of  azienda municipalizzata  with fi nancial autonomy, while in small 
towns water was run by a municipal department (Massarutto  2011 ). Yet, apart from 
Britain and Ireland, where costs were covered by rates paid according to the rent 
value of the house, drinking water coming from domestic taps was understood as a 
commercial service, so costs were covered by bills linked to volumes of water con-
sumed. This was a powerful reason for cities to adopt private law institutional 
arrangements, even though they wanted to keep control of the capital invested. 
Additionally, under private law, accounting practices mandate that capital be depre-
ciated and provision be made for renewal, while this is not always the case with 
public law management, so that, indirectly, local authorities are pushed to keep, or 
fetch, private partners as operators. So it was in France, where the central govern-
ment maintained strict limits on the involvement of local authorities in the economy, 
and public accounting did not make it easy to depreciate and make forward provi-
sions (Pezon  2000 ). 

 After WWII, legal provisions changed the status of sewers from an imposition to 
a service: advantage could be taken of the more widespread supply of sewerage to 
add sewer charges to drinking water bills. In some cases, this merger in billing 
resulted in the integration of waste water and water services into a single utility (as 
happened for the Portuguese and Italian reforms), while in Germany the municipal 
company (Stadtwerk) was typically put in charge of several utilities (water, gas, 
electricity, transport, district heating, etc.), but not sewage collection and treatment 
until recently. 

 The liberal-conservative revolution in the US and UK brought back the idea of 
water privatisation which took place in Britain in 1989. This new model strongly 
infl uenced the European Commission (and is especially supported by the Internal 
Market and Services Directorate General), which now favours unbundling and 
opening marketable services to competition and the private sector. From the 1970s 
to 1990s, several cities shifted from public, in-house water services to others with 
hybrid public–private management. In France, a growing number of middle size 
cities chose to delegate the management of their until-then public water services to 
private companies – for a large number of reasons, such as the need for higher tech-
nical capacities, the opportunity for mayors to transfer to the new private operator 
the blame for rising water prices, and to scale-up the water service by joining other 
neighbouring local water service for economies of scale (Pezon and Canneva  2009 ). 
In Australia, major water supply systems were reorganised in such a way as to sepa-
rate production and transport on the one hand, and distribution on the other; in the 
last decade, the latter task was eventually reorganised into private companies owned 
100 % by the state or by joint ventures formed with international private water com-
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panies (McKay  2005 ). However, for WSS services, this movement is being resisted 
in the northern part of Europe, which favours regional concentration and capital 
cross-holding with regional electricity or gas companies (e.g. in Germany and 
Switzerland; Pfl ieger and Paquier  2008 ). In Italy, the liberalisation movement was 
supported by the Berlusconi government with the 2009 Ronchi decree, restricting 
public ownership to a maximum 30 % of the shares in WSS utilities. But this reform 
was massively rejected by a referendum in 2011 (Majone and Veltri  2011 ). In other 
countries like France and Belgium, there is a growing coalition in favour of direct 
public management. Nevertheless, the commercial nature of WSS services is not 
really threatened, leaving open the possibility of benchmarking various mixed 
formulas. 

 The present evolution is a hybridisation of water service models, with various 
sorts of public–private partnerships rather than a total privatisation (with one excep-
tion: the UK divestiture). Thus it appears that there is no real general orientation 
towards fully public or fully private management. However, widespread networks 
of pipes and metering mean that most countries carry very large infrastructure. 
Eventually, this favours a combination of publicly owned capital (so as to benefi t 
from cheaper money or remaining subsidies) and private or mixed economy opera-
tions and maintenance.   

3     Upscaling/Downscaling WSS Management: 
The Right Mix? 

 In all of the countries we studied for this chapter, water services were initially run 
within the competence of the municipalities – or were organised at the scale of 
hamlets in rural areas, as is still the case in low density areas of Ireland (group water 
schemes: Brady and Gray  2013 ), Denmark, Portugal, etc. To face the challenges 
met in their development from the early nineteenth century, WSS services often 
changed territorial scales – due to resource problems, and also to the evolution of 
the local authorities and of their legal responsibilities. The general trend went 
towards larger territories to achieve economies of scale and a better management of 
risks (sanitary or fi nancial). But in some cases, decentralisation and down-scaling 
took place to solve specifi c management issues. Today it seems that, regarding the 
sustainability of water services, debate on the appropriate territorial scale is more 
important than the private vs. public management issue. For what specifi c reasons, 
and how, did they move to present-day management territories? 

3.1     The Parisian Case 

 Today around 15 plants produce drinking water for the Paris metropolitan area (10 
million inhabitants), in addition to several long distance aqueducts (total length 
470 km) conveying springwater and groundwater to Parisian reservoirs. The 
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drinking water plants are either managed by Eau de Paris, Lyonnaise des Eaux 
(Suez), or Générale des Eaux (Veolia); the commune of Saint-Maur-des-Fossés also 
operates an additional drinking water plant for its own local water service under 
direct labour. 

 Back between World Wars I and II, regional planning studies considered the 
need for upstream reservoirs to regulate the fl ow of the Seine and its tributaries, with 
the offi cial aim to avoid water scarcity problems, and allegedly reduce fl ood risks. 
These large dams were built from the 1960s to 1980s, with the fi nancial support of 
the Agence de l’Eau Seine Normandie (river-basin fi nancing institution). 
Furthermore, after the 1976 drought, the many water networks of the Paris metro-
politan area were connected through additional security interconnections. These 
allowed water delivery to be maintained in the event of a pollution accident or a 
local water service failure, and catered for an ongoing but moderate growth in 
consumption. 

 There was, however, an unsuspected evolution: water consumption in Paris has 
been dropping since the early 1990s (at an average of −1.5 % per year). As a conse-
quence, Eau de Paris decided to close one of its drinking water plants (Ivry-sur- 
Seine). In the same way, SEDIF’s water sales decreased by 19 Mm 3  between 2005 
and 2009. Consequently, mutualisation of the water production capacities in the 
Paris metropolitan area is now debated within broader discussions held about the 
“Greater Paris” project, which aims to scale up several urban infrastructures in the 
area. Common management of a limited number of drinking water plants in the area 
is acknowledged as an economic issue (Carroy  2010 ). But such an opportunity also 
raises the question about how to supply water services to territories larger than those 
operated by the current operators, as well as how to build a more appropriate new 
institutional framework. 

 As a point of comparison, the rationalisation of waste water treatment in the 
Paris region took place much earlier. At the beginning it was formed within the 
former Seine county. 2  The break up of this large county into four smaller ones in 
1968 resulted in the creation in 1970 of a common board called SIAAP (Syndicat 
Interdépartemental d’Assainissement de l’Agglomération Parisienne) charged with 
treatment of the waste water from most of the central Paris area (almost nine million 
inhabitants). The upscaling of waste water treatment gave economies of scale which 
allowed SIAAP to invest in sophisticated technology and in measures for protecting 
the environment. Conversely, the sewerage systems stayed within the competence 
of the communes, while storm water drains and collectors are managed by the coun-
ties. This concentration and centralisation of both water and waste water services 
presupposes a complex organisation, in terms of both territorial boundaries and 
public–private ownership.  

2   The Seine county gathered together the four present-day départements – Paris, Hauts-de-Seine, 
Seine-Saint-Denis, and Val-de-Marne – until it was reformed in 1968. 
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3.2     Concentration Process: Looking for an Improved 
Performance of Water Services 

 The Parisian case illustrates how the concentration of water and sanitation services 
within a single entity, and the mutualisation of some equipment, can be justifi ed on 
economic or technical grounds. This move towards the larger scale, with the cre-
ation of multi- or single-purpose joint boards, has taken place in all the countries we 
have studied. The Netherlands offers a remarkable illustration of this evolution, 
where today only 10 water companies are distributing water to 17 million inhabit-
ants. Their territories partly match those of the Dutch provinces in size and they are 
run by mixed boards of provinces and communes (Loijenga  2009 ). On the other 
hand, sewerage remains a municipal competence. But sewage treatment was 
entrusted to the famous drainage and fl ood protection institutions, the 
‘Waterschappen’. These institutions were created in the Middle Ages and have 
intensely clustered in the last decades: there were more than 2,600 water boards in 
1945; there are only 23 today (Kuks  2010 ). This concentration process went along 
with a decrease in the number of waste water treatment plants managed by the water 
boards: between 1980 and 2010, their number went down from 505 to 390. It 
appears that this concentration – based on a voluntary process – brought a solution 
to the need for rationalisation of water resources and sanitation management. Indeed 
many small Waterschappen went bankrupt after the deadly 1953 fl ood which killed 
1830 people; moreover, water pollution issues also became more acute after the 
1950s (Kuks  2010 ). To face these challenges the water boards had to make signifi -
cant investments. They decided to merge into larger entities to better tackle the need 
for fi nance. 

 In England and Wales a similar concentration process of WSS services took 
place after WWII. It led, with the adoption of the Water Act in 1973, to a complete 
regionalisation of these services. At the beginning of the 1970s there were 198 
water entities, of which 101 were joint boards, 64 were municipal services, and 33 
small private companies (Barraqué  1995 ). The Water Act created 10 regional water 
authorities (RWAs), the borders of which matched hydrological basins (Saunders 
 1983 ). RWAs were put in charge of the whole drinking water service, waste water 
treatment, and resource management. Local sewer systems only stayed within the 
competence of the municipalities. This regionalisation illustrates how technical 
matters were meant to predominate over political or administrative considerations 
(Saunders  1983 ). Actually, the creation of the RWAs was the fi nal outcome of a 
political process started in the 1940s: it eroded the local authorities’ responsibilities 
and power over public services, and was a decisive step toward technical and indus-
trialised management of water and sanitation services. The privatisation of WSS 
services in 1989 did not really impact the territorial organisation of the water ser-
vices. It only resulted in a few more mergers of ‘water-only’ companies, and of 
planning and resource management authorities (from 10 to 8). 

 With the 1994 Galli law, Italy attempted to adopt the British model. The Italian 
water services needed huge investments for waste water collection and treatment so 
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as to comply with European standards (Massarutto  2011 ). But the banks were 
unwilling to lend money to a multitude of small municipal entities. The concentra-
tion of 6,600 existing water services into larger entities, and their opening to the 
private sector, appeared as the solution for getting cheaper loans. Originally WSS 
services were supposed to be regrouped into local catchment districts called ‘ambiti 
territoriali ottimali’ (ATOs), but in most cases the regions – which were responsible 
for the concentration process – fi nally decided to merge water and waste water ser-
vices together according to the administrative borders of the provinces (except in 
Sardinia and Puglia, where WSS were already regionalised). Thus, 91 ATOs were 
created to manage water and waste water services in order to produce economies of 
scale and economies of scope. Given the historical power of Italian mayors regard-
ing all local public services – one used to talk about “the mayor’s water” in Italy – 
this top-down reform met strong opposition among the local elected representatives. 
15 years after the vote of the law, 19 ATOs have not yet appointed their water 
service operator (Mangano  2010 ), and commercial rationalisation is threatened by 
the success of an anti- privatisation referendum held in 2011. Italy’s WSS services 
are in a stalemate situation. 

 In France, the large number of water services – 12,000 entities for 64 million 
inhabitants in 2009 – is a legacy of the extreme fragmentation of the 36,000 com-
munes (Pezon and Canneva  2009 ). So far, no reform to enforce the merger of com-
munes has been adopted by parliament. Inter-municipal cooperation has emerged as 
a practical alternative to rationalising the administration and territories of some pub-
lic services. Single-purpose joint boards have come into existence since 1890; 
multi-purpose joint boards since 1959. The 1999 Chevènement law created three 
new kind of multi-municipal boards, one for the rural area (the Communauté de 
Communes), one for the urban communes (the Communauté d’Agglomération) and 
one for the metropolitan areas (the Communauté Urbaine). The Communautés 
Urbaines are responsible for water and sanitation services; the two other types of 
communautés can choose to provide these services to their citizens. So far it has led 
to a relative concentration of the water services, as shown in Table  2.1 .

   Still, the Chevènement law has been a turning point regarding the territorial evo-
lution of water and waste water services: for the fi rst time, the number of water 
services has been decreasing and has overturned the traditional organisation of 
municipal competence.  

   Table 2.1    Organisation of water services in France in 1988 and in 2007   

 Communes 
 Water 
services 

 Water services 
managed by 
single-purpose 
boards 

 Water services 
managed by 
multi-purpose 
boards 

 Water services managed 
by the communautés 
created by the 
Chevènement law 

 1988  37,200  15,400  3,375  455 
 2007  36,682  11,846  2,949  374  306 

  Source: Pezon and Canneva ( 2009 )  
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3.3     Centralisation of Water Production: A Strategic Path 
to Deal with Water Scarcity 

 As mentioned, private companies initiated the fi rst modern water supply systems. 
But when municipalities became convinced of the benefi ts of water for public 
health, they took over the services, following the “gas and water socialism” model 
developed in Great Britain (Barraqué  1992 ). Behind this action was the principle 
that Graham and Marvin ( 2001 ) called “the modern infrastructural ideal”: every 
urbanite living on the service’s territory should be connected to a centralised water 
supply system providing the same quality of service to everyone. This approach has 
been essential for the development of water services at the municipal scale. Today 
it seems that centralisation at a larger territorial scale could also help overcome 
some diffi culties in water supply. In Germany, for example, infrastructure for water 
production in areas with low rainfall but major urbanisation has been managed at a 
supra-local scale since the early twentieth century. Thus, in 1912 in Land Baden- 
Württemberg the emperor set up a public enterprise, the ‘Staatliche 
Landeswasserversorgung’, to produce and transport drinking water to almost 100 
different communes via a 750 km network. 3  In 2007, the 100 biggest water opera-
tors delivered half the total volume of drinking water produced in Germany, illus-
trating clear centralisation (Kraemer et al.  2007 ). 

 Centralisation as a solution to water scarcity has also been adopted in the United 
States of America – even if, given their remarkable diversity, it is diffi cult to present 
here an overview of American water services. In southern California, the risk of 
water shortage led utilities around Los Angeles to build a large aqueduct to bring 
water from the Colorado River. A “wholesaler”, the Metropolitan Water District of 
Southern California (MWD), was put in charge to produce and transport water to 26 
water distribution districts, supplying 19 million inhabitants. A similar organisation 
was developed in Boston but for different reasons: in 1985 the Environmental 
Protection Agency (EPA) required better treatment of waste water. Boston decided 
to create the Massachusetts Water Resources Authority (MWRA), a regional institu-
tion responsible for the treatment of effl uents and the production of drinking water 
for 61 communities. Today, more than 2.5 million people from Boston and its sub-
urbs get water from the MWRA. Member municipalities distribute water and collect 
effl uent on their territories. The drinking water and sewage treatment plants, and the 
main sewers are managed centrally. 

 As for Australia, after the droughts of the early 2000s, the federal government 
and the water operators made huge investments in infrastructure to improve water 
security. Desalination and water recycling plants fl ourished, whereas local govern-
ments tried to rationalise and interconnect their networks. The situation in the south-
east of Queensland, where 2.8 million inhabitants live around the fast- growing city 
of Brisbane, offers a good illustration of attempts to centralise water production. 

3   However, after WW2, this State enterprise was typically decentralised into a joint board of the 
municipalities served. 
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The South East Queensland Water Grid, initiated by the Queensland government, is 
one of the biggest Australian infrastructure projects. 4  AU$9 billion is being spent on 
an integrated water production system to secure water supply in this attractive area. 
The grid consists of a large network of drinking water plants and pipes which allow 
transfers from existing or new water sources. According to the designers, this sys-
tem has the advantage of relying on water sources which depend in different ways 
upon the local climate – dams or rain water storage vs. desalination or recycling 
plants. Centralised management also allows better allocation of water resources 
between different users, including the aquatic environment itself. 

 In the end, the result of both concentration and centralisation processes is the rise 
of multi-level governance, whereby municipalities and their joint boards are not the 
only institutions providing WSS services. Frequently there is a multi-scale tier of 
water governance. Paradoxically, in one of the most centralised countries – France – 
municipalities still play an active role, while many reformers (e.g. the Cour des 
Comptes, the French fi nancial revenue court in charge of overseeing public accoun-
tancy) call for increased concentration. The real political issue is whether to com-
pletely eliminate the role of local authorities, which have long carried the democratic 
and welfare ideals of public services, while remaining close to citizens. Typically in 
Australia, local stakeholders, who were once put aside, are now coming back to take 
part in the management of WSS services. First, local authorities are producing recy-
cled water for their parks and sports grounds. Then citizens, individually or as part 
of local communities, are progressively turning into co-producers of the water ser-
vice at the infra-municipal scale, since the use of rain water harvesting or grey- 
water recycling has become compulsory for many new buildings. To what extent do 
these decentralised systems reveal a common trend in the functional evolution of 
water services in other developed countries?  

3.4     Decentralised Systems: Emergency Patches or Next Step 
Towards Sustainability? 

 In contrast to the big cities, which developed centralised water supply systems in the 
nineteenth century, hamlets and scattered settlements in rural areas have always 
relied on self-suffi cient water systems, traditionally managed at the neighbourhood 
scale. In France, where the communes are already very small entities, these decen-
tralised infra-municipal systems are virtually absent. But in Denmark, Lower 
Saxony, rainy countries like Ireland, or the north of Portugal and Spain, this kind of 
neighbourhood association in charge of the local water supply is still common. 
Moreover, while they seemed bound to disappear in the short term (given industri-
alisation of water services), they are now being reconsidered. Indeed, the emergence 

4   See  http://www.seqwater.com.au/ 
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of new sustainable urban settlements encourages the development of decentralised 
water and waste water systems, which are considered closer to natural water cycles. 

 In Magdeburg, the capital city of the German Land Saxony-Anhalt, where the 
population has dropped by 20 % since reunifi cation, the area supplied by the munic-
ipal water service is steadily losing consumers such that by 2050 there will be only 
540,000 people compared to 800,000 today. The technical impacts of the subse-
quent decrease in water consumption are already serious. In some neighbourhoods, 
water stays for more than 25 days in the pipes before being used (Herdt  2009 )! 
Today, as the public water service does not fi nd enough industrial clients to compen-
sate for the decrease in residential consumption, the local Stadtwerk plans on com-
bining up-scaling and down-scaling solutions: a supra-municipal enterprise could 
produce bulk water for the whole region, while decentralised systems at neighbour-
hood or building scales could make it drinkable and deliver it to the end-consumers. 
This would minimise the time spent by the drinking water in the pipes. Many cities 
from the ex-East Germany are facing the same situation, so some researchers are 
questioning the traditional centralised water supply system and are now thinking 
about adapting the actual network to shrinking demand via well-designed alterna-
tive systems (Moss  2008 ; NetWORKS  2008 ). 

 In France, despite governmental incentives towards sustainable urban projects, 
decentralised water systems are still seen as technological innovations and remain 
scarce. But we could very well imagine a quick development of these systems in the 
near future. In a way it would be consistent with the fi ve million septic tanks still 
functioning on French territory! The general issue at stake is the risk that decentral-
ised solutions re-introduce strong differences in the quality of service provided to 
one social or territorial group and another. Graham and Marvin ( 2001 ) call attention 
to this potential ‘splintering urbanism’ which might bring rich countries’ water ser-
vices close to the fragmented situation existing in developing ones. Arizona offers a 
striking example of this fragmentation (Megdal  2012 ): there are very large public 
utilities (e.g. in Phenix and Tucson), but a signifi cant fraction of the population 
depends on private community systems, sometimes with no or tiny networks, and 
very different degrees of technical sophistication. Individualism and parochialism 
makes it unlikely to see a development of public services using decentralised sys-
tems. Yet there are projects combining robust small scale systems with sophisticated 
NTIC systems to allow for remote control and reduced operating and maintenance 
costs. 5  

 In the end, territorial scales of management for water services are moving in 
opposite but not incompatible directions, combining up-scaling and down-scaling, 
concentration and decentralisation. The municipal territory is no longer the only 
and most relevant level to deal with the concerns of WSS services – water shortages, 
lack of money to renew old and centralised assets, drop in water consumption, etc. 
The various examples given in this part of the chapter show that the evolution of a 
territorial scale of management often goes along with dismantling the integrated 

5   E.g. the work by Yoram Cohen on decentralised systems in the Institute of Environment and 
Sustainability at UCLA. 
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water service production chain. For instance, there may be a disconnect between 
water production at the regional scale and water distribution at the municipal or 
infra-municipal scale. Can disintegration and/or unbundling be part of the solution 
to some water services issues?   

4     Integration Versus Unbundling of Water Services 

 WSS management encompasses all phases of the “small water cycle”, starting from 
water resource abstraction and protection, drinking water production and distribu-
tion, wastewater and stormwater collection and treatment, and ending with disposal 
of treated water into the environment. These different steps have been either inte-
grated or unbundled, depending on the time or place considered. So, in addition to 
the question of geographic scaling of water services, one can consider the degrees 
of integration of the water supply and sanitation services according to the two fol-
lowing concepts:

    1.    vertical and horizontal integration (or concentration): how far are the various 
tasks of water management, planning, and operation integrated together or sepa-
rated (vertical integration vs. unbundling), or related to other sectors (single 
water service or multi-activity service, i.e. horizontal integration);   

   2.    structural integration (or autonomy): to what extent is the water service autono-
mous and independent from other public administrations (in terms of legal sta-
tus, budget, accounting, etc.).     

4.1     Insight into Paris 

 The story of water and waste water management in the Paris metropolitan area can 
be considered from a different, but complementary, perspective to that of the upscal-
ing/ downscaling trends studied above. During most of the nineteenth century, WSS 
services were provided by a unique municipal department under the direct respon-
sibility of the prefect of the Seine county (Paris plus 80 communes). In 1860s, with 
Baron Haussmann and chief engineer Eugène Belgrand in charge, all water supply 
and sewerage systems in Paris were managed, in a fully integrated way, under a 
powerful technical and administrative  Direction  (Gaillard-Butruille  1995 ). For 
some years, this municipal  Direction  was in charge of the whole water and waste-
water cycle, covering all the communes of the Seine county. But in 1867 and 1869, 
the suburban communes of the Seine county split from Paris and chose to delegate 
their water service to the ‘Générale des Eaux’ (now Veolia), fi rst as individual com-
munes and then within several larger joint boards, SEDIF being the chief one with 
144 communes today (Defeuilley  2004 ). In Paris city, water supply and distribution 
continued to be run by a municipal  Direction  under the rule of the prefect, while 
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water metering and billing were externalised and continued to be operated by 
Générale des Eaux until 1984, when a mixed economy company was created with 
both Générale and Eau et Force (Suez group) (Chatzis  2006 ). Conversely wastewa-
ter collection and treatment remained under state control at the Seine county level 
(Cebron de Lisle  1991 ), with all the wastewater collected ending up in a single 
sewerage treatment plant downstream of Paris. 

 This confi guration lasted for many decades, until the 1960’s, when the regionali-
sation reform of the Paris area led to the breaking up of the Seine county into four 
new counties (Paris, Hauts de Seine, Seine St Denis, and Val de Marne). In 1970, 
Paris and its new neighbouring counties again joined together in order to form 
SIAAP, so as to continue to operate a single downstream sewerage treatment plant – 
to which were progressively connected additional wastewater discharges produced 
by a few sewerage boards from the outer ring. Even though SIAAP remained the 
sole operator for wastewater treatment, it had to break up its linear upstream-to-
downstream treatment arrangement in order to develop complementary new sewage 
treatment plants upstream of Paris. Conversely, after the creation of the four new 
counties, rainwater collection fell under the control of the counties and wastewater 
collection fell under that of the communes. 

 In the end, water resource management, water services, and waste water services 
in the Paris metropolitan area are now managed in a disintegrated way: they have 
separate budgets, are managed by different operators, are under the control of dif-
ferent public authorities, and involve various stakeholders. Nevertheless, the exist-
ing tariff system still provides a degree of integration between the three water-related 
services, as they all rely fi nancially on the same bills. 6  Indeed French citizens cover 
the costs of their drinking water, waste water collection and treatment, and levies to 
the Agence de l’Eau through a single bill, the fee for which is calculated upon the 
volume of drinking water used, the quality of water resources accessed, and the 
amount of pollution generated. Thus, consumers usually perceive water and waste-
water as an integrated service, which implies some interdependency between these 
activities. As an illustration of such, SIAAP recently asked Eau de Paris to stop 
encouraging “water effi ciency” and the reduction of water losses, as the consequent 
decrease in water consumption (−30 % in 20 years) ends up impairing the operation 
of SIAAP’s waste water plants, and automatically reduces the income received 
because of a decrease in the volume of water purchased, thereby risking fi nancial 
imbalance (SIAAP  2010 ). At the opposite extreme, when Paris decided to reduce 
the drinking water price by 8 % (which was promised by mayor Delanoë before his 
re-election in 2007), SIAAP took advantage of this by increasing the unit price of 
sanitation by 6 % – and without attracting the consumer’s wrath (SIAAP  2010 ); so 
too did Agence de l’Eau. 

 The history of water and wastewater services in the Paris region shows alternat-
ing movements between integration and disintegration, bundling and unbundling. 
Today’s situation seems to favour a disintegrated and unbundled approach, but 

6   Storm water is managed separately from water services and waste water services, and its costs 
cannot be covered by water bills, only by local taxes. 
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recent tensions around water bills show that the trend is not as clear as it seems. 
Furthermore, all the different items included on a water bill received by the end user 
are diffi cult to understand and to that extent are unable to attract criticism. As in 
most very large metropolises, new projects pretend to bring more integration (e.g. 
setting up a regional board for bulk production of drinking water), but the complex-
ity of the local reality makes change diffi cult, as detailed in the next section.  

4.2     Vertical Integration Versus Unbundling 

 In some countries, WSS services are considered a single unifi ed sector under a uni-
fi ed management (e.g. the privatised regional water companies in England and 
Wales, the ‘consorzi idrici integrati’ in Italy, the integrated water utilities in Australia 
before 1994, etc.). Alternatively, WSS services can be split into different sectors 
ruled by different organisations (e.g. in France, the Netherlands, etc.). Most of these 
institutional evolutions aim at improving the effi ciency of the water and wastewater 
sectors, either separately or together. But it typically results in the unbundling of 
some activities which were previously integrated at the local level, so that now they 
need better coordination of activities/institutions. 

 An emerging model is the separation of production plants from distribution sys-
tems. This sometimes includes regionalisation of water resource abstraction, and 
eventually of drinking water production (“upstream” activities), together with waste 
water treatment (“downstream” activities). This model can be found in Australia 
since 1994 (e.g. Melbourne) and in Portugal (Correia  2011 ), where the government 
has supported the creation of public companies whose ownership is shared between 
an ad hoc national water company and several neighboring local municipal boards. 
The company manages drinking water production and sewage treatment at the 
regional level (‘agua alta’ as opposed to ‘agua baixa’, i.e. municipal management of 
water and sewer systems). Other countries present contrasting examples in which 
regional authorities provide bulk water and do sewage treatment for their member 
municipalities while other companies supply drinking water only: Metropolitan 
Water District of Southern California, USA; Canal de Provence for cities of the 
Mediterranean coast in France 7 ; Aguas Ter Llobregat for Barcelona area, Spain; and 
regional water production and transport in Baden-Württemberg, Germany. Less fre-
quently, the companies treat waste water only (but there is the above mentioned 
example of SIAAP in Paris). Of course, some other large cities retain an integration 
of bulk water production, transport over some distance, and distribution: there is 
New York and its Catskill Mountains and Upper Delaware; San Francisco with its 
Hetch Hetchy aqueduct; Paris with Belgrand’s nineteenth century aqueducts; 
Madrid with Canal Isabel II; etc. These cities are large enough to fund the whole 
chain of water supply, while the dual set-up between regional and local levels arises 

7   In fact this company is a regional bulk water production and transfer company, supplying cities, 
industry, and agriculture with clean but untreated water. 
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in cases where local authorities need to band together to solve their supply prob-
lems. There is even the case in France where all the municipalities of Vendée county 
(excepting the three largest cities) joined into a single distribution system, but left 
the water production units in the hands of each local joint board. Mutualising water 
distribution (and pricing) harmonised the fi nancing of a county-wide network, and 
secured the provision of water on the coast in summer.  

4.3     Horizontal Integration Versus Unbundling 

 Water supply can be organised as a single-purpose activity or, conversely, be brought 
under a broader multi-utility company. In the beginning, water supply was initiated 
by private companies, which were single purpose. Sewer services were often linked 
with drainage and street maintenance, and were frequently publicly managed. When 
cities took over water supply from an ineffi cient private sector, they did not merge 
water and waste water; instead, they usually kept water supply separate as a com-
mercial service managed by a single purpose public company. In Belgium and 
France, both activities long remained separate, and in fact are to some extent still 
separate today. 

 In Germany, conversely, water supplies were at fi rst separate from the main 
municipal organisations and were later transformed into mixed public/private com-
panies. As early as the inter-war period (1920s–1930s) they were frequently merged 
into multi-utility services called ‘Queverbund’ or ‘Statdwerk’ which included water, 
gas, electricity, district heating, transport, etc. This reorganisation allowed water 
services to access a broader range of fi nancing resources (public loans, fi nancial 
markets) and operate fi nancial and operational cross-subsidies among different 
local public utilities (Herdt  2009 ). 

 This horizontal integration of water services into multi-utilities can also be found 
at a lesser degree in Austria, Switzerland, and Italy (with the well known example 
of Rome’s ACEA, responsible for water supply chain, sewage treatment, and energy 
supply). Copenhagen also offers an example of the complex mix that can emerge: 
while the suburbs have opted for joint boards, the central city has an integrated 
water and energy company. This company is now a regional power supply company, 
which still provides water to the central city but also provides a supplementary vol-
ume to suburban water supplies (Barbier and Michon  2010 ).  

4.4     Water Services: Financial Autonomy or Dependence? 

 A core factor in determining whether WSS services are integrated or unbundled is 
how their fi nancial relations with other services and with the budgets of local 
authorities are arranged. The century-long transformation of water services into 
commercial utilities has turned them into autonomous entities with their own 
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fi nancial power and status. But the evolution was uneven. As mentioned above, 
waste water services were mostly developed by local city governments along with 
drainage, linked with street maintenance, and funded by taxes. For public health 
reasons they were usually imposed as administrative services rather than as com-
mercial operations. Conversely, drinking water services were often created by pri-
vate companies and, apart from the UK (and Ireland), their costs were covered by 
bills; even after water services were reclaimed by municipalities as public entities, 
their operating costs were frequently charged to customers. However, major amounts 
of public money were injected to extend water services to all inhabitants (Pezon 
 2000 ). Progressively, however, water utilities took advantage of metering and bill-
ing to get closer to full internal cost pricing, and an increase in tariffs is now sup-
ported by a general move to protect water resources and reduce the water footprint 
of cities (Walker  2009 ). Additionally, waste water services are increasingly consid-
ered as an amenity, just like drinking water, and their costs are incorporated into 
water bills. This has led to sharp price increases (doubling or more over time), and 
can cause secondary sustainability problems – like large consumers exiting the pub-
lic utility, creating an imbalance in the water services budget, or like the ‘water 
poor’ phenomenon. Yet there is little chance for WSS to be reintegrated into the 
general budgets of local or regional authorities, and their fi nancial autonomy will 
probably keep increasing. 

 The fi nancial autonomy of WSS services is achieved in France and the UK 
through various forms of privatisation or delegation to private companies, which 
have always operated water services commercially. But it is also the case in other 
continental European countries, where cities or regional governments have broadly 
reorganised their WSS services but have kept them as public utilities. It is less the 
case in Mediterranean countries, where climate variability and periods of authoritar-
ian governments have led to regional/national bulk water production and transport 
paid by public money. Waste water is still directly or indirectly subsidised, so that 
water prices paid by consumers remain low, and the push toward full cost pricing 
and commercialisation is resisted by local populations (e.g. the 2011 referendum on 
water in Italy). 

 WSS services end up being organised as a complex array of formulas involving 
direct public control, fi nancial autonomy, delegation to the private sector, publicly 
owned private companies, multi-utility companies, and the like, all aimed at inter-
facing with other policies in an effi cient and coordinated way. Economies of scale 
and scope seem to be the main driver for vertical or horizontal integration. But the 
lack of specifi c studies on this matter, and the preservation of unbundled and effi -
cient water services, tend to suggest that no ‘one solution fi ts all’.   

5     Interactions Between WSS and Water Resources 

 In previous sections the change in management scales, or integration/unbundling of 
WSS services, were analysed chiefl y in terms of economic rationalisation. We pre-
sented a wide array of institutional arrangements and governance, but did not take 
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into account water resource allocation issues. Indeed, the merit of sanitary engineer-
ing, with the invention of water and sewage treatment, was to liberate cities and 
water services from water resources constraints, particularly in temperate areas 
where water quality was the chief problem (see Barraqué  2015 , Chap. 9 this 
volume). 

 However, this technology-based model is increasingly being questioned. First, 
making drinking water production systems over-complex results in the following 
loop: criteria → monitoring → chemical treatment → new dangerous sub-
stances → more criteria… To avoid the costly race for quality, the water industry 
(e.g. in Germany) prefers to look for naturally clean water. Second, large cities 
impact water resources not only with waste water, but also with urban run off, which 
is polluted and can create problems like local fl ooding and the choking of rivers. 
Land-use based management and urban hydrology (reinfl itration, storage, etc.) 
might not only help in reducing the reliance upon infrastructure, but also turn a 
nuisance into a resource. This new way of thinking also supports reconsideration of 
the limits of traditional WSS services based on networks, and their partial substitu-
tion with on-site solutions. It is obvious in the case of septic tanks, but there is also 
renewed attraction in developed countries towards rainwater harvesting and indi-
vidual groundwater bores. 

5.1     Situation in Paris 

 In Paris city, half of the potable water supplied originates from surface water (mostly 
from nearby waterworks located on the Marne and Seine rivers), and the other half 
comes from groundwater and springs located in four remote water catchments in the 
south-east and west. These springs have been tapped since 1870 and they fl ow under 
gravity to Paris (which is at a lower elevation) through several aqueducts. Such 
water remains cool in the summer and safeguards Paris’s water supply should the 
Seine or Marne be accidentally polluted. Up until 2004, these water sources were 
naturally drinkable and chlorine was only added in order to secure its quality during 
transport to Paris’s reservoirs. 

 However, back in 1971 nitrates began to be monitored in groundwater samples 
(Zakeossian  2011 ): the water catchments are located in semi-karstic rural areas and 
were sensitive to rising agricultural pollutants (nitrates and pesticides). In the early 
1990s, SAGEP launched its fi rst attempt to convert farmers to more eco-friendly 
fertilisation practices. But it soon appeared obvious that these programs were not 
enough. SAGEP therefore had to choose technological solutions in order to cope 
with rising groundwater pollution issues. In 2004 and 2005, it invested 18 M€ in 
two small treatment plants, with activated carbon fi lters, located at the intakes of the 
Voulzie and the Loing water catchments and aqueducts. This system was comple-
mented in 2007 and 2008 with two other treatment units, at Saint-Cloud and l’Haÿ-
les- Roses, at a cost of 40 M€ and 57 M€ respectively. In 2012, excluding depreciation 
and staffi ng costs, the annual operating costs of the last mentioned two plants is 
around 2.7 M€. 
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 Facing these new investment and operating costs, SAGEP (now Eau de Paris) 
realised its actions were not enough to prevent further pollution problems. 
Consequently, Eau de Paris developed local ‘territory projects’ with the aim of pro-
tecting the local water resource while enhancing locally sustainable agriculture. To 
reach its goal, Eau de Paris now combines various measures such as regulatory 
requirements, voluntary measures, and training programs in order to reduce agricul-
tural inputs in well-head catchments areas. Other actions include European agri- 
environmental measures, land acquisition, and support for agricultural transition to 
other production processes and methods. 

 Eau de Paris offers farmers stringent but well-rewarded commitments. The pro-
gram is suffi ciently attractive that an increasing number of farmers are being con-
vinced they should engage in it and work towards leaving better quality water. For 
the Voulzie watershed (11,000 ha located east of Paris), 30 farmers representing 
3,900 ha have already signed contracts with Eau de Paris to reduce the use of herbi-
cides or switch to organic production. In 2007, only 1,000 ha were involved. 
However, at this point it is probably too soon to judge the success of this new 
approach of a water service toward its water resource territories. According to Eau 
de Paris, the main challenge today is to ensure the continuance of the fi nancial 
engagements the farmers entered into, which still requires a sustained commitment 
from local authorities (Zakeossian  2011 ). 

 Compared to the well known ‘payments for ecosystems services’ which has 
already been experimented with in New York City, the difference here is that French 
farmers are more numerous and organised into powerful pro-intensive farming 
unions. The emerging issue is one of how effective will be efforts to reorganise 
drinking water production at the scale of the whole region – will it have much 
impact in protecting water resources? In any case, since Paris city water consump-
tion has gone down by 30 % since 1990, if water from distant sources can be pro-
tected at lower cost than surface water treatment, some of it might be made available 
to suburban areas even if interconnection will raise both economic and political 
issues. 

 But the largest problem faced in the interplay between water resources and water 
services relates to waste water: the Paris region at large represents 40 % of French 
economic activity, and the Seine’s fl ow is too low to cope. Typically, the ‘linear’ 
model used by engineers led to a concentration of all discharges downstream of 
Paris (fi rst in Clichy, then in Colombes, and later in Achères). In 1942 a large sew-
age treatment plant began operation, and it soon became the largest in Europe. 
Despite its good performance, it lacks the physical space to treat wastewater so as 
to comply with the EU urban wastewater directive (UWWD, 91/271/EEC). So a 
huge project was undertaken, consisting of building a large new sewage treatment 
plant upstream of Paris on the Seine (in Valenton), and modernising another one 
located on the Marne River. This required the reshaping of part of the sewer system 
in order to redirect waste water to the new upstream water treatment plants. This 
new system permits full modernisation of the Achères treatment plant so as to meet 
the aquatic environment targets defi ned by the European water framework directive 
(WFD). 
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 For both water and waste water, territorial reorganisation projects were discussed 
and then supported by the Agence de l’Eau Seine Normandie, one of six river-basin 
institutions created in 1964 to bring users of the same watershed together and co- 
ordinate their efforts to improve water quality through economic incentives. In its 
fi rst decades of existence, the Agence chiefl y funded the construction of sewage 
treatment plants and the extension of existing sewer systems, plus construction of 
some multipurpose water reservoirs. Yet, in the early 1980s it was thought that indi-
vidual investments in point-source pollution controls would not suffi ce (Barraqué 
 2008 ). Together with the Water Directorate of the Ministry of the Environment, the 
Agence developed a new policy based on river contracts in which investments 
would be co-ordinated between users. But involvement in water resources planning 
is now essential: the WFD requires that water policy be based on recovery of aquatic 
environmental quality, which means that, before looking for technological solu-
tions, water users are expected to manage water demands and water resources 
together as the long-term solution to reducing investments. 

 Some would argue that the European water Directives, and the WFD in particu-
lar, call for new forms of water policies based upon watershed partnerships – i.e. 
communities formed for an equitable and reasonable water allocation, together with 
a legal re-defi nition of water as a common pool resource. This is what the 1992 law 
reckoned, resulting in a new two-tier planning system: one master plan (SDAGE) 
for each of the six hydrographic districts (corresponding to the WFD river-basin 
approach) and as many SAGE (catchment plans) as possible. The system is not 
mandatory, but rather a bottom-up process: one cannot mandate stakeholder partici-
pation. In doing so the French have taken inspiration from other countries and 
regions where the link between the management of both WSS services and resources 
has been either maintained or developed.  

5.2     Water Services Manage Water Resources… 

 In Germanic customary law tradition, water is a thing not to own but to use reason-
ably, and it is the community of users that sets the rules. Frequently the rules are 
quite restrictive, e.g. the riparian rights doctrine in English common law. But in 
some cases, the community is vital for managing water in times of scarcity or fl ood. 
In Europe, for example, such communities have existed for centuries and are essen-
tial for irrigating the ‘huertas’ in Spain, the mountain prairies in the Alps and other 
mountainous areas (still active in Switzerland, Aosta, and Roussillon), and in the 
lowlands along the North Sea (the ‘Wasser- und Boden Verbände’ in Germany). 
Usually they remained small and rural, but in the case of the Netherlands, the 
famous ‘Waterschappen’ (water boards) were not only task based, but also became 
fully functional institutions through a process of concentration and institutionalisa-
tion. Today they maintain dikes and canals, hasten the drainage of winter rain, treat 
waste water from cities, and even get involved in biodiversity recovery. Some Dutch 
water managers want to rename them regional water authorities. They offer a clear 
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case of joint waste water and water resources management, even though in this area, 
apart from the Maastricht zone, there are no defi ned watersheds. Interestingly, they 
are funded not by water bills but through taxes on families (Mostert  2011 ). 

 In the Netherlands the common handling of water resources and services is tra-
ditional, rural, and based on water quantity policies. But in north-west Germany 
there is an outstanding example of WSS services taking over water resources man-
agement for water quality purposes. The example is in the Ruhr area (Ruhrgebiet) 
where cooperative boards were born at the beginning of the twentieth century. The 
‘Genossenschaften’ manage rivers in their catchment so as to meet the needs of 
urban and industrial users. Their history goes back to a time of rapid industrialisa-
tion and urbanisation, which had catastrophic consequences on water quality and 
gave rise to epidemics. Local government and industry together decided to focus on 
three parallel rivers: the Emscher in the center was lined with concrete and became 
a collective sewer, with a primary treatment system at its mouth on the Rhine; the 
Lippe in the north was devoted to industrial and agribusiness uses; and the Ruhr in 
the south became the noble river with freshwater storage, leisure activities, and col-
lective management of wastewater discharges through sewage treatment plants 
(Barraqué  1995 ; Raasch  2010 ; Bäumer  2010 ). Pre-existing water associations were 
authorised by the imperial government to become institutions, i.e. to make fi nancial 
contributions mandatory and make their boards representative of various water 
users (not one man – one vote, but seats for each stakeholder type). This model was 
widely adopted locally, so that today there are 11 such institutions in North Rhine–
Westphalia, but none in the other Länder. 8  Today their boards include representa-
tives of territorial and local governments, industries, consumers, and environmental 
protection associations. This type of institution inspired the creation of the French 
‘agences de l’eau’ 60 years later. Today, they do more than run water and waste 
water infrastructure: they undertake programs to recover aquatic environment qual-
ity (the Emscher ‘Renaturierung’ project), fi ght emerging micropollutants, and turn 
stormwater from a nuisance into a resource. 

 In Germany there are also many ongoing experiments of cooperative agreements 
between water suppliers and farmers, based on the notion of payments for ecosys-
tem services. These projects are usually voluntary, and go further in terms of envi-
ronmental recovery than the agri-environmental measures supported by the second 
pillar of the ‘common agricultural policy’ of the EU. But since they remain local, 
payments to farmers (compensations for loss of income) are not considered as 
 government subsidies (which would contravene the equal opportunity principles of 
the European Common Market).  

8   For instance, the above-mentioned regional water supplies of Baden Württemberg are not based 
on hydrographic districts, and their boards are only composed of water suppliers. 
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5.3     …and Water Resource Institutions Manage Water 
Services! 

 This dynamic is more or less the opposite of what is described above: river basin 
boards are entrusted with the provision of WSS services. It is not common, but it did 
take place in England and Wales between 1974 and 1989. The poor status of British 
rivers due to early industrialisation and urbanisation led to the development of 32 
river boards in the 1950s, while in the same period WSS services were concentrat-
ing at county or subregional level. In 1974, water resources planning, water polic-
ing, and WSS were merged into 10 regional water authorities (Saunders  1983 ). This 
made sense, since in the UK WSS services are the fi rst users of water resources. 
Half their board members were representatives from local authorities. But these 
were later replaced by consumer and other NGOs, within a general movement turn-
ing WSS into commercial services. In the end, the Thatcher government opted for 
privatisation of WSS, while planning and policing were reorganised through the 
creation of a National Rivers Authority; the latter was soon merged into the UK 
Environment Agency. Privatised water services remain broadly organised on a 
hydrographical district basis. 

 One is also reminded about the cases of Spain and Portugal, where river basin 
institutions were set up with extended responsibilities for water planning, design, 
and operation of large infrastructure. However, conversely to the British example, 
the Spanish ‘confederaciones hidrografi cas’ did not focus on WSS, but rather on the 
joint management of hydroelectricity and irrigation. The centralisation approach 
was strong enough to allow for national water plans, whereby river basin institu-
tions were supposed to store water and transfer it to drier watersheds, but not neces-
sarily to secure water supplies of cities (such as Barcelona, which recently opted for 
desalination because there had been too many successive water plans that in vain 
promised water transfers from the Ebro basin; Sauri  2011 ). 

 To conclude this section, one could argue that it is centralisation that motivates 
water resources institutions to take over the provision of WSS. However, in coun-
tries with a tradition of decentralised policies, change towards the integration of 
water resources management and WSS is motivated by the principle of effi ciency, 
rather than sovereignty, in a bottom-up process. Interestingly enough, the French 
‘agences de l’eau’ are an interesting and unique case of the second approach in a 
centralised country where there has always been strong confrontation between cen-
tral and local governments. With the ‘agences’, French water policy moved partially 
out of its centralising Napoleonic tradition towards the community type of water 
policy practiced in the Netherlands, Germany, Switzerland, and Northern Italy.   
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6     Conclusion 

 The aim of this chapter was to illustrate the complexity of the many arrangements 
found in several developed countries’ cities to improve WSS sustainability. But 
maybe the most important is that such arrangements are now beyond the public vs. 
private debate that came up in the 1990s, opposing the World Bank and neo-liberal 
economists to the pro-public alter-globalist movements. In particular, the institu-
tional diversity of water services in Europe not only resulted in a vast array of 
 public–private arrangements, but the choices have usually been combined with 
other issues: local level provision vs. concentration/centralisation at upper scales, 
integration vs. unbundling, with diverse links between WSS services and water 
resources management. 

 In the end, privatisation and water marketing remains quite limited in the coun-
tries reviewed in this chapter. But this does not mean water is to be considered as a 
pure public good to be managed by administrations either. Water as a resource is 
still frequently considered a common pool resource, resulting in the survival of 
community-type institutions, functioning under equitable principles. Conversely, 
water as a service grew out of another form of impure public goods, defi ned by 
Samuelson ( 1954 ): club goods. As an invention of the Enlightenment, the club 
replaces community obligation and equity rules with new rules based on freedom 
and equality among its members. 9  Public services, in turn, are a special kind of club, 
since they are not closed but potentially open to all. They are also supposed to be 
funded by their users through some form of consumerisation (i.e. billing). This 
makes a serious difference in developing countries where water services are not yet 
complete: lack of fi nancial capital delays the universalisation of good WSS ser-
vices. For all those who are ill-connected or not connected, their relationship to 
water is to a resource, not to a public service, and in most cultures access to water 
resources for domestic uses should be free. This attitude explains the common low 
level of social acceptance to pay for water services, which in turn prevents improve-
ments to them. In developed countries, a great deal of complexity, and sometimes 
misunderstanding, results from the coexistence of the two forms of impure public 
goods (common pool and clubs) in the distribution of water resources and the fram-
ing of WSS policies. Additionally, national governments, even in federal countries, 
still play a role in the regulation of water resources policies, and more recently in 
the protection of nature and of water as a natural capital. 

 As in other public policies, there is a growing need for co-ordination between 
various types of institutions related to water services – territorial communities, club 

9   Indeed, citizens are not obliged to subscribe to the public water service, and in some countries, 
there is in fact no obligation to extend the service to all citizens (such as hamlets far from the net-
work). The tariff is the same for the entire category, and those who do not pay are temporarily 
disconnected. Until recently, few WSS operators considered the issue of the ‘water poor’, since 
water was affordable to virtually all the population. Major prices increases have given rise to a new 
issue that brings the developed countries closer to those of developing ones, and has created an 
unprecedented level of complexity. 
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goods, market institutions, and the state – resulting in better coordinated multi-level 
governance. Still, how to achieve such co-ordination is not obvious, as these policy 
mixes also call for a change in government culture. The failure of the socialist 
model, as developed in communist regimes, parallels the questioning of the national 
statism policies supported earlier by the World Bank, in which economic develop-
ment is based upon the mobilisation of water resources in multipurpose projects. 
But the alternative is not just markets. Water management in particular illustrates 
the notion of multilevel governance. Here lies the opportunity for a water culture 
which would make room for all different kinds of water institutions, and the capac-
ity to combine them, as a new form of social capital.     
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    Chapter 3   
 Coping with Extraneous Water 
in Sewerage Systems 

             Galina     Dimova     ,     Irina     Ribarova     , and     Franz     de     Carné    

1            Evolution of Urban Wastewater Management 

1.1     Evolution in Thinking 

 People’s need for potable water in daily life results in the production of wastewater, 
which then has to be carried away beyond the perimeter of human activities. The 
problem of how to  evacuate wastewater  has been recognised since civilization 
began. Evidence for the existence of drainage and sanitary sewer systems has been 
found for the Mesopotamian empire (4000–2500 BCE), the Indus civilization 
(3000–2000 BCE), the Aegean civilization (3000–100 BCE), Egypt (2000–500 
BCE), and many other ancient places (Schladweiler  2002 ). With time, people found 
that the conveyance of wastewater can sometimes turn into a question of survival, 
not just an issue of getting rid of unpleasant sights and smells. In the early nineteenth 
century, after several severe disease outbreaks, scientifi c studies discovered that 
fatal diseases like   typhoid     and   cholera     are waterborne, with wastewater as their 
main carrier. Many towns then started to develop sanitary sewer systems, partly in 
response to diseases and in order to mitigate their spread. Furthermore, as a result of 
a combination of factors – the industrial revolution, the concentration of populations 
in towns and cities, the invention of continuous potable water supply to urban 
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households, and the general increase of standards of living – the need was recognised 
for  the organised evacuation of urban wastewater through sewer systems . 

 Social and economic developments in the twentieth century increased demands 
for better water supplies and wastewater evacuation. In the fi rst half of the century 
the concept of  wastewater treatment  was introduced, because increased discharges 
of wastewater into receiving waters was causing severe pollution and detrimental 
effects on soils and groundwater. By the end of the 1980s, the concept of solving 
water pollution problems case by case, without consideration of follow-on effects, 
was replaced by a fundamentally different understanding of global socio-economic 
dynamics –  sustainable development  .  The new concept meant meeting the needs of 
the present without compromising the ability of future generations to meet their 
own needs (United Nations  1987 ). The World Commission on Environment and 
Development fi rst introduced the concept in the Bruntland Report of 1987. 
Subsequently, in 1992, Agenda 21 of the Rio Declaration on Environment and 
Development presented a comprehensive plan of action in every area in which 
human activities exert impacts on the environment (United Nations  1992 ). The key 
concept of sustainable development is that humans are part of nature; they depend 
strongly on nature and must preserve it. Thus, environmental issues become an 
integral part of all decisions concerning social and economic life. 

 Water is not like a commercial product; instead it is a heritage which must be 
protected, defended, and treated with respect (EU  2000 ). It is a part of our physical 
life, social well-being, economic progress, environment, and culture. Thus solving 
water problems in a sustainable manner affects all spheres of human life. The con-
cept of sustainability has been implemented in the management of urban potable 
water, drainage, and wastewater systems, and is called  sustainable urban water 
management  (SUWM). However it is not an easy task to develop policies and to 
defi ne sound principles in the design and operation of water supply and sewerage 
facilities. When trying to defi ne what is appropriate for sustainable development of 
the water sector, SUWM has been applied using physical variables such as space 
and time (Larsen and Gujer  1997 ); other scientists have analysed SUWM in terms 
of environmental and cultural values (Harremoës  1997 ), while others have identi-
fi ed certain criteria upon which SUWM should be based: health and hygiene, envi-
ronmental impact, functionality and related technical issues, economic criteria, and 
social and cultural criteria (Aspergen et al.  1997 ; Butler and Parkinson  1997 ; 
Hellström et al.  2000 ). Thus, SUWM has become a philosophy with various inter-
pretations. It should be noted, however, that sustainability is not a steady state situ-
ation in a physical sense, since nature itself, as well as anthropogenic activity, is 
never constant or in a steady state (Aspergen et al.  1997 ). Therefore SUWM should 
also be regarded as a dynamic process, in the same way as all other global pro-
cesses, and should be used to help the environment come to an acceptable balance. 

 The recent strategies (CEC  2001 ,  2010 ,  2011a ,  b ) elaborated by the European 
Commission have made further progress in defi ning the concept of sustainable 
development, seeing it as promoting “resource effi ciency” in moving towards 
sustainability. Resource effi ciency means to “do more with less” and to decouple 
production from resource use and pollution. These documents call attention to 
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restructuring or relinking production–consumption systems so as to use resources 
optimally. The Europe 2020 strategy promotes a “resource effi cient Europe” and 
“resource effi cient technologies” to help decouple economic growth from the use of 
resources (CEC  2010 ). In terms of SUWM it means producing less wastewater by 
using less water, adapting pipe diameters to use less energy, using fewer chemicals 
for treatment, and reusing natural resources after discharge.  

1.2     Evolution of Technologies 

 There are two principal models of urban wastewater management: (1) decentralised, 
where wastewater is collected, treated, and/or disposed of within the place of origin; 
and (2) centralised, where all the waste water is conveyed to a specifi c location for 
treatment and disposal. The conveyance of storm water was introduced to cen-
tralised sewer systems later in the piece, since rapid urbanisation demanded an 
appropriate solution to this problem as well. From the beginning of the nineteenth 
century, both decentralised and centralised approaches have been used in parallel, 
and both systems have been improved as new technologies developed in response to 
increased concern for environmental protection. However, a dispute about the 
applicability of combined and separate sewer systems is still continuing. 

 Decentralised systems have evolved from simple cesspits to small-scale treat-
ment plants which operate close to the pollution source; technologies like artifi cial 
wetlands, which emulate natural systems, have also recently been introduced. 
Small-scale systems can reuse wastewater, and use organic wastes as fertiliser, all 
without exporting them from where they originated. It is a common belief that 
decentralised systems do not require high investments and that their operation and 
maintenance are easier compared to centralised systems. It turns out, however, that 
the operation of some decentralised systems (e.g., artifi cial wetlands) is quite com-
plicated and the treatment performance and fi nal ecological effect can be questioned 
(Harremoës  1997 ; Orth  2007 ). In terms of cost, the general idea that decentralised 
systems are cheaper than centralised ones is also questionable (Orth  2007 ). Some 
authors conclude that decentralised systems suffer from lack of adaptability to many 
urban environments, lack of manageability and control, straying from environmental 
protection standards, and loss of economies of scale (Butler and Parkinson  1997 ). 
Engineering experience has proven that there is no universal technology. Certainly 
decentralised systems have their place in modern urban developments; however, 
their adequacy needs to be gauged case by case (Chung et al.  2008 ). 

 Centralised urban sewer systems appear preferable for densely populated urban 
areas, where space is limited. They provide an effective public health barrier when 
operated appropriately, prevent damage caused by storm water or high groundwater 
tables, and allow monitoring and control of pollutants in the wastewater before it is 
discharged to rivers. 

 Early centralised sewer systems were combined, i.e., urban wastewaters (including 
domestic sewage and trade effl uents) were conveyed with storm water in a single 
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pipe to the wastewater treatment plant (WWTP). Along the main trunk routes are 
installed combined sewer overfl ows (CSOs), which, during rainy weather,  discharge 
a part of the mixed fl ow into the receiving water body. Over time, engineers have 
started to pay particular attention to the pollution of receiving water bodies caused 
by CSOs, and have recently developed new techniques (e.g., screens) for improving 
their performance (Butler and Davies  2000 ). 

 With growing urban populations and shifting development patterns, changing 
characteristics of wastewater quantity and quality, and rising concerns over the 
environment the interest in wastewater transport and treatment has shifted 
towards  separated sewer systems  (Burian et al.  2000 ). Some well-known advan-
tages of separate sewer systems are: potentially less pollution of watercourses 
due to lack of CSOs, smaller diameters of the collectors, smaller wastewater 
treatment works, less variation in fl ow, and concentration of wastewater. However 
they also have some basic disadvantages like extra cost for two pipes, additional 
space occupied in narrow streets in built-up area, more house connections, 
and no fl ushing of deposited wastewater solids by storm water (Butler and 
Davies  2000 ). 

 Separated sewer systems are usually the preferred option for construction of 
new systems, since converting an old combined sewer system into a separate one 
seems to be expensive (US EPA  1999 ; Butler and Davies  2000 ). Some studies are 
strongly of the opinion that separate systems are not always the best solution 
because street runoff contains heavy metals and oils and its discharge directly into 
rivers may cause appreciable impact (Burian et al.  1999 ; Sieker  2003 ; De Toffol 
et al.  2007 ). 

 Increasing concern over the deterioration of receiving waters resulting from 
wastewater discharge has meant that wastewater treatment has become an integral 
part of sewer management. Initially, treatment consisted only of mechanical pro-
cesses (screening and sedimentation) but later biological treatment was introduced. 
The fi rst biological treatment process was intended to remove only organic carbon, 
but since the 1980s biological removal of nitrogen and phosphorus has become 
necessary, in line with growth of our understanding of how human activities impact 
on nature. Enhanced requirements for wastewater treatment mean higher investments 
and much higher operation and maintenance costs. 

 The centralised collection and treatment systems of urban wastewater require an 
increasingly sophisticated framework of procedures. They demand high energy 
consumption, expensive high-tech electronic monitoring, computerised decision- 
making tools, and skilled and motivated staff (Butler and Parkinson  1997 ). In this 
sense, their management turns out to be resource demanding rather than resource 
effi cient. In addition, their environmental adequacy and sustainability are often 
questioned, since the environmental consequences of failure – leakages, inadequate 
treatment and discharge of effl uent, or improper disposal of contaminated sludge – 
are much more severe than from that of a single decentralised system (Harremoës 
 1997 ; Beck  1996 ). 

 In spite of these disadvantages, centralised urban sewer systems, in particular 
combined ones, are still prevalent in most cities. They were built over decades and their 
upgrading to comply with more stringent requirements for wastewater quality and 
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sludge quality is a major undertaking, and one that requires advanced engineering 
approaches and signifi cant investments. This is now the challenge of many towns all 
over the world.   

2     Extraneous Water: A Common Defi ciency 
in Sewer Systems 

 The defi nition of extraneous water varies depending on the standards and regula-
tions consulted and it changes with time. “Extraneous water” can be defi ned as 
ground water, storm water, or wrongly connected drainage entering the sewer sys-
tem through defective pipes, joints, and manholes (DIN  1999 ). It may be described 
as “unwanted discharge in the sewer systems” (Pfeiff  1989 ; DIN  2008 ). The German 
Water Association gives the following defi nition: “extraneous water is water dis-
charged to sewer systems which is neither qualitatively infl uenced by domestic, 
industrial, agricultural or other usage nor specifi cally collected and discharged dur-
ing precipitation” (ATV-DVWK  2003 ). The phenomenon of extraneous water enter-
ing the sewer system is called “infi ltration”. 

 Thorsten ( 2006 ) undertook a major investigation of published data on the quantity 
of extraneous water. The results vary widely: in Germany, from 0 to 100 % surcharge 
to foul water, in UK from 15 to 50 %, and in Switzerland, 47 %. According to esti-
mates made by the EPA, in the USA infi ltration and infl ow represent almost half of 
all fl ow at treatment plants nationwide (Vipulan   andan and Ozgurel Gurkan  2004 ). 

 Regardless of its origin (groundwater, drainage, household leakages, spring 
water, cooling water, or wrongly connected storm water), extraneous water will 
increase hydraulic loads, resulting in higher operation and maintenance costs for 
pumping and treatment. Apart from purely operational problems, extraneous water 
can also directly impinge upon domestic customers, such as backfl ow into base-
ments due to hydraulic overloading of sewer collectors (having highly unpleasant 
consequences for the residents and even generating political debate). 

 Ecological and sustainability issues also arise when the environmental effects of 
extraneous water are considered. Increased hydraulic fl ows often cause uncontrolled 
spills of untreated wastewater out of sewer overfl ows, causing pollution and risking 
public health. Infl ow of ground water from a surrounding aquifer into sewer pipes 
can carry fi ne soil particles into the pipe, and these, when deposited, can result in 
reduced pipe capacity and can damage the ground structure surrounding the pipe. 

 The reduced effectiveness of the sewer system due to extraneous water can cause 
higher energy demands for wastewater pumping and, to some extent, treatment. 
Thus, in the wider picture, extraneous water is critical for SUWM, since it promotes 
ineffi cient use of resources. 

 The occurrence of extraneous water in sewerage systems depends on various fac-
tors that can be summarised in the following main categories:

•    Natural characteristics, geology, and hydrology of the drainage area, in particular 
the aquifer level and the soil’s ability to let storm water infi ltrate. In addition, site 
topography and climatic conditions.  
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•   Characteristics of the sewer network: the method of laying pipes, making joints, 
and installing manholes. Also the pipe material, and how connections are made 
to private houses.  

•   Characteristics of the water supply system, since potable water leakages often 
end up as infl ow into the sewer system. Potable water pipes are usually laid 
above sewer pipes, following the same track along the street. Depending on the 
geology of the ground, leaking water can either drain to groundwater or, if there 
are damaged walls or decrepit pipe connections, seep into the sewer. The sur-
rounding sand bed, in which the collector is laid during pipe-laying, facilitates 
this process.    

 On the other hand, wastewater from leaking sewer pipes contaminates ground-
water, preventing it from being benefi cially used for irrigation or potable water. This 
phenomenon is known as “exfi ltration”. It is estimated that in Germany several hun-
dred million cubic meters of wastewater leak every year from partly damaged sewer 
systems into soil and reach groundwater (Eiswirth and Hoetzl  1997 ). 

 The phenomena of exfi ltration and infi ltration usually run in parallel, although 
usually in different parts of the sewer system and depend on the groundwater level 
in relation to the sewage collector. If groundwater levels change, one and the same 
section may, at different times of the year, exfi ltrate sewage water and infi ltrate 
extraneous water. The exfi ltration/ infi ltration along the sewer network dilutes 
the wastewaters to an extent which can negatively affect biological processes at the 
treatment plant. 

 The characteristics of the sewer network are probably the most important factor 
relating to infi ltration/exfi ltration. The most common defects that can cause infi ltra-
tion are: cracks, fractures, joint displacement, root intrusion, deformation, collapse, 
poorly constructed connections, and abandoned laterals left unsealed (Vipulanandan 
and Ozgurel Gurkan  2004 ). With aging of the sewer network, the number of defects 
increases. The same defects also cause exfi ltration as well. 

 The spatial extent of infi ltration/exfi ltration in sewer pipes and the fl ow rates of 
extraneous water are extremely diffi cult to determine. A well-known approach is 
direct fl ow measurement of the sewer system during the minimum night-time dis-
charge, taking into account the diurnal variations in sewage discharge from users of 
the sewerage network. This method however demands extensive preparatory ana-
lytical and experimental work to determine an optimal measuring point within the 
sewer system (Thorsten  2006 ). The ‘chemical method’ can also be used, where the 
concentration of a specifi c added tracer is monitored and the amount of extraneous 
water is calculated based on its dilution. In cases where a WWTP exists, the rate of 
extraneous water can be determined by using different approaches such as: (1) com-
paring annual sewage discharge with drinking water consumption; (2) comparing 
measured minimum dry weather fl ow with expected daily discharge of sewage; and 
(3) analysing the multi-year discharge hydrograph curves ( Bosseler et al. n.d. ). 

 It is diffi cult to quantify extraneous water fl ow without undertaking several 
extended campaigns of fl ow measurement during dry weather. Because the amount 
of extraneous water in a sewerage system is not constant during the year, it is best 
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to carry out measurement campaigns over at least 1 year so that the amount of 
extraneous water can be measured over different seasons. Long-term changes in 
climate may also affect the amount of extraneous water, since changes in rainfall 
and duration and height of snow cover will affect the level of the ground water table. 

 Performing prolonged direct measurement campaigns on a sewer network is 
laborious and costly, and such measurements are not within the common duties of a 
sewer operator. But since taking account of extraneous water is necessary for 
planning future investments in sewer systems, here a simplifi ed methodology is 
suggested, one that was applied to two case studies in Bulgaria.  

3      Simplifi ed Methodology 

 To obtain general estimates of the availability and amount of extraneous water in an 
existing sewerage system, the following steps were considered as a minimum 
requirement. 

  Step 1     On-site survey along the river banks within the area served by the sewerage 
network, to identify:

•    the number, type, and condition of sewer outlets (outfalls or CSOs);  
•   whether there was existing fl ow in dry weather.     

  Step 2     On-site manhole survey to:

•    check and verify the course and diameter of sewers and the state of manholes;  
•   check and verify important levels (bottom level of the inlet and outlet pipes, level 

of the manhole lid);  
•   identify different sub-catchment areas in the sewerage network and select points 

for fl ow measurement.     

  Step 3     Inspect parts of the sewer network (around 1 km in length) with a closed 
circuit television (CCTV) camera in order to collect images on the state and func-
tional conditions of the sewer pipes.  

  Step 4     Undertake a 24 h campaign of flow measurement in representative 
sub- catchment areas (selected based on the results from Steps 1 and 2), respecting 
the following criteria:

•    covering a large, representative area of the town;  
•   returning a clear picture of the way in which the wastewater is conveyed through 

the catchment area;  
•   enabling the installation of a water measuring device at the end of the sub- 

catchment area.     

  Step 5     Measure wastewater quality at the same location where fl ow measurements 
are done in order to allow indirect assessment of the presence of extraneous water 
and comparison of the results with the existing data base (if any).  
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 Estimation of the extraneous water fl ow rate is based on two approaches: 

  Approach 1     The difference between the measured average daily fl ow in the sewer 
and the analytically calculated domestic and industrial sewage fl ows.  

  Approach 2     Analysis of the average minimum fl ow measured during early morning 
hours when there is virtually no domestic or industrial activity in the sub-catchment 
area.  

 This methodology carries some uncertainty, since: (1) the period of investigation 
is short, i.e., 24 h; (2) the analytical calculation of the domestic and industrial waste-
water fl ow is based on norms that are representative of the long term rate, but come 
from just a single day of measurement; and (3) only part and not the whole area of 
the town is encompassed. Nevertheless the results obtained can indicate major 
problems in the sewer system and can help engineers select technically and eco-
nomically appropriate solutions. 

 In the study presented below, a fl ow meter, PCM4, manufactured by NIVUS, 
Germany, was used. It employs the doppler effect to measure velocity and a depth 
sensor to calculate free-surface fl ows in pipes or channels. During the campaign the 
depth and velocity were entirely within the ranges of accurate measurement: velocity 
between 0.1 m/s and 3 m/s, and depth greater than 30 mm. The fl ow rate was 
recorded at 5-min intervals, giving a total of 288 values/day at each site. 

 A grab sample of 150 ml was taken from the incoming waste water every 15 min 
during the fl ow measurements and every 3 h the samples were mixed to form a 
composite sample. The samples were analysed for 5-day biochemical oxygen 
demand (BOD 5 ), chemical oxygen demand (COD), suspended solids (SS), total 
nitrogen (TN), total phosphorus (TP), and pH.  

4     Estimation of Extraneous Water in Sewer Systems 
of Two Towns in Bulgaria 

4.1     Background 

 Bulgaria (110,000 km 2 ; population 7,365,000) is situated in Eastern Europe on the 
Balkan Peninsula and became a member of the EU in January 2007. Pursuant to the 
Accession Treaty, Bulgaria must meet the goals of Acquis Communautaire, stipu-
lated in a number of EU legal documents. Under the sector “Environment”, one of 
the main challenges to be faced by the country in 2007–13 is the fulfi lment of EU 
Directive 91/271/EEC with regard to: (1) construction of sewerage networks and 
urban wastewater treatment plants in agglomerations with more than 10,000 PE 
(population equivalent); (2) construction of sewerage networks and urban wastewa-
ter treatment plants (WWTPs) in agglomerations with PEs between 2,000 and 
10,000. Due to the extremely high investment costs and the time needed for the 
necessary technology, Bulgaria has requested a transitional period for item (1) until 
2011.01.01 and for item (2) until 2015.01.01. 
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 The last decade of the twentieth century is marked in the history of Bulgaria as a 
time of major transition from a socialist political system and planned economy to a 
parliamentary democracy and market economy. This change has affected all spheres 
of political, social, and economic life in the country. Table  3.1  marks some key 
issues of this transition relevant to the operation of water supply and sewerage 
infrastructure.

   Before 1989 all decisions concerning water supply and sewer infrastructure were 
taken at a state level. The lack of public participation in decision making, combined 
with low prices for water and energy, encouraged customers to retain a low public 
awareness of the high cost for construction, operation, and maintenance of water 
and wastewater infrastructure and the relevant environmental issues. 

 Nowadays municipalities are taking a role in the decision making process, since 
they are the main benefi ciaries of the infrastructure projects fi nanced by the 
EU. Customers are facing the challenge of continuously increasing prices for water 
and energy services. At the same time, the water supply and sewerage infrastructure 
is very old and technically out of date. 

 According to data from the National Statistical Institute of Bulgaria, in 2010 the 
average percentage of non-revenue water (NRW) 1  in the supply systems was 57.6 %, 
while there are towns where the NRW is over 80 %. A big share of NRW is the 
physical loss of water through leakages. A large part of the leaking potable water is 
believed to seep into the sewerage system, which in general is in very poor condition. 

1   According to the International Water Association, non-revenue water is water that has been pro-
duced and “lost” before it reaches the customer. 

   Table 3.1    Comparison between some key parameters connected with the operation and 
maintenance of the water supply and sewerage (WSS) infrastructure in Bulgaria   

 Key issue  Before 1989 (socialist period)  Today 

 Ownership 
of WSS 
assets 

 Only state  13 companies – 100 % (state share); 
 21 companies – 100 % (municipal share) 
 16 companies – 51 % (state share), 49 % 
(municipal share); 2 concession contracts 

 Price for 
WSS service 

 Equal throughout the state around 
0.03 EUR/m 3 , relatively stable 

 Different for different WSS companies, 
continuously increasing 
 In the region of case studies: 
 0.59 to 0.69 EUR/m 3 , of which 0.18 EUR/
m 3  are for domestic sewage conveyance and 
treatment 

 Price for 
electricity 

 Equal throughout the state, 
relatively stable 

 Different for different electrical companies, 
continuously increasing 

 Day tariff – around 0.023 EUR/
kWh; 

 In the region of case studies: 
 Day tariff – 0.092 EUR/kWh 

 Night tariff – around 0.01EUR/
kWh 

 Night tariff – 0.063 EUR/kWh 
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There are no statistical data on the amount of extraneous water in sewerage; 
however wastewater quality entering some WWTPs proves that it is much diluted. 
The problem of extraneous water has so far been somewhat neglected, since the 
sewer systems are usually operated by gravity and in many towns there is no WWTP, 
resulting in low operation cost and generating little or no public attention. The 
design and construction of a WWTP, however, demands a technically and eco-
nomically feasible approach, and one that is socially acceptable, for coping with 
extraneous water. 

 Below, two case studies in Bulgaria are presented – in the towns of Bansko and 
Gotse Delchev, which demonstrate how the problem of extraneous water was tackled. 
The work was in preparation for determining the priority measures needed for 
rehabilitation and/or reconstruction of the towns’ water supply and sewerage infra-
structure. The studies were carried out within the framework of the EU ISPA project 
“Technical assistance for project preparation in the water sector – Asenovgrad, 
Bansko and Gotse Delchev”, EUROPEAID/124,486/D/SV/BG (MOEW  2011 ).  

4.2     Case Study: Bansko 

4.2.1     General Information 

 The town of Bansko is located in South West Bulgaria at the foot of the highest 
mountains on the Balkan Peninsula – Pirin (Vihren Peak, 2,914 m) and Rila (Musala 
Peak, 2,925 m). The Pirin mountain provide excellent opportunities for skiing and 
since 1989 the region has been turned into a dynamic winter tourist business. 
The municipal administration is endeavouring to turn the region into an attractive 
year- long tourist destination. 

 The number of permanent residents in Bansko is a little over 9,000, as registered 
in the 2011 national census. The intensive tourist activities have led to a signifi cant 
increase in accommodation facilities over the last 10 years. In 2010, the number of 
registered hotel beds was more than 18,000. In addition, there were around 21,000 
privately owned fl ats, among which only 16.5 % belonged to permanent residents. 
The rest are mostly occupied for 1–4 weeks during the winter season. Thus, the 
number of seasonal residents can increase the population by 3 times or more com-
pared to the number of permanent residents. 

 The water supply system of Bansko, which is of the gravitational type, is fed by 
several mountain springs and provides water to 100 % of the residents. Some 56 % 
of the network was constructed using old (more than 40 years) asbestos cement 
(AC) and steel pipes, while the rest, constructed of high-density polyethylene 
(HDPE) pipes, has been laid during the last 10 years. The potable water network is 
characterised by frequent breakdowns and signifi cant leakages. The average NRW 
in 2008 was estimated at 47 %. 

 The existing wastewater network, situated on both sides of the Glazne River, is 
completely gravitational. The old, central part is served by a combined sewer system, 
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while the newly built resort area, on the south, is served by a separated sewer system 
of which part is still under construction. The connection rate of households to the 
sewer system is 100 %. The sewer network consists mostly of concrete pipes 
(77.4 %) more than 40 years old. 

 At present there is no WWTP in the town. A survey of the river banks found that 
the sewer water discharges into the Glazne River through 8 outfalls and 5 CSOs; 
however due to the signifi cant amount of extraneous water the CSOs discharge also 
in dry weather. Five other outfalls discharge into small creeks on the outskirts of 
the town. 

 The Glazne River is a tributary of the Mesta River. In the river basin management 
plan for the Mesta, the Glazne is classifi ed as a “water body in bad status” in the 
section below Bansko. Due to the mountainous character of the landscape, which 
provides good opportunities for natural self-purifi cation, the whole catchment of the 
Mesta River is not identifi ed as a “sensitive zone”, as defi ned in Annex II of Council 
Directive 92/271/EEC concerning urban wastewater treatment (EU  1991 ).  

4.2.2     The Problem of Extraneous Water 

 Bansko is situated in a natural kettle surrounded by high mountains with an inclina-
tion and natural outfl ow to the northeast (Fig.  3.1    ). The upper geological layer of the 
kettle consists mainly of terrace depositions from the Glazne River, represented by 

  Fig. 3.1    Aerial view of Bansko       
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boulders and pebbles with sandy-clayey fi lling. This context between the natural 
outfl ow in the northeast and the upper geological layer forms a natural aquifer.  

 The aquifer is recharged by melting snow and surface run-off in the kettle, and by 
subsurface run-off from the surrounding mountains that penetrates through the cracks 
in the rocks and causes underground fl ow toward the kettle, which laterally feeds the 
aquifer (Fig.  3.2 ). Depending on the groundwater level, the Glazne River acts as a 
natural receiver of groundwater or as a natural feeder of the aquifer. Consequently, 
the groundwater table inside the kettle is stable and relatively high during spring and 
summer, resulting in signifi cant amounts of extraneous water in the sewer network.  

 The on-site manhole survey encompassed 308 manholes (25 % of the total) and 
together with verifi cation of key parameters (levels, diameters) the fl ow of the 
combined wastewater system was estimated visually. The key results related to the 
problem of extraneous water are as follows:

•    Small fl ow was observed in 103 manholes – less than 10 % of the pipe cross- 
section carried water; the fl ow ran slowly without evident turbulence;  

•   Medium fl ow was observed in 123 manholes – less than 50 % and more than 
10 % of the pipe cross-section carried water, and the fl ow was turbulent;  

•   Strong fl ow was observed in 82 manholes – more than 50 % of the pipe cross- 
section carried water, and the fl ow was very turbulent.    
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 The characteristic smell of sewage was not detected on opening most of the 
manholes and the appearance of the water looked clean and even transparent. 

 The CCTV inspection of 19 sewer collectors sections (in total 1 km length) and 
the manhole survey have shown that the sewer system is in very bad condition. 
Twelve sewer sections with length between 30 and 100 m were inspected completely, 
while in 8 sewer sections the CCTV camera couldn’t reach the end of the section due 
to impassable obstacle. The average distance, within a section, at which the CCTV 
camera detected a problem was 1.60 m, while the longest distance without observ-
able defects was 25 m. Figure  3.3  presents a summary of the observed problems.  

 The concrete collectors of the combined sewer system were partly broken, axially 
displaced, and had reduced hydraulic capacity (greater than 50 %) due to deposits 
of sand, stones, bricks, and other debris. In addition, some pipes of the relatively 
new separated network were inappropriately laid, and the cross-sections had under-
gone serious deformation, compromising the joints between the sections. 

 These fi gures suggest that extraneous water is a signifi cant problem in the sewer 
network. If the problem is neglected, it will result in signifi cant hydraulic loads that 
will affect the operation of both the new sewer network and the WWTP. Dilute 
wastewater will not provide the necessary organic substrate for stable biological 
treatment at the future WWTP. This will lead to higher operating and maintenance 
costs in the system.  

4.2.3     Wastewater Flow Measurement Survey 

 Wastewater fl ow was measured for 24 h under dry weather conditions from Thursday 
21 May to Friday 22 May 2009. During this time of year tourist activities are 

  Fig. 3.3    Classifi cation 
of the pipe damages 
in the sewer network 
in Bansko       
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minimal. The measuring points were chosen to be places where good estimates of 
the largest possible sub-catchment areas could be achieved. The two measuring 
points (MPs), shown in Fig.  3.4 , are as follows. 

•    MP1: at the outlet of the main sewer collector of DN 1000 on the east side of the 
river prior to its discharge to the Glazne River.

   Total area connected to MP1, A MP1  = 188.19 ha, of which,  
  area of combined sewerage system, A comb  = 88.91 ha  
  area of separated system (wastewater only), A sep  = 99.28 ha.      

•    MP2: at the outlet of the main sewer collector west of the river (oval profi le, max 
width 700 mm; max height 800 mm) prior to the outfall into the Glazne River.

   Total area connected to MP2, A MP2  = 131.03 ha, of which,  
  area of combined sewerage system, A comb  = 75.96 ha  
  area of separated system (wastewater only), A sep  = 55.07 ha.       

 The total of catchment area in Bansko is 500.36 ha, therefore the two measuring 
points collect the wastewater discharge from 63.8 % of the town. 

 In parallel, a fl ow and pressure measurement campaign was carried out in the 
water supply network during the period between 20 and 27 May, 2009. Flow meters 
were installed at the outgoing pipes of the three water reservoirs that supply the 
whole town. Pressure measurement was carried out at 7 points of the water supply 
network. The results of the pressure measurements show that the average pressure 
was suffi cient in all parts of the network. The maximum recommended pressure of 
6.0 bars was exceeded at 43 % of the locations by up to 42 %. The minimum 
pressure did not drop below the recommended value of 1.0 bar. 

 Figure  3.5  presents a summary of the simultaneous measurement of wastewater 
fl ow and potable water fl ow. As mentioned, the water fl ow measurement encom-
passed the entire territory of the town, while the wastewater fl ow measurement 
covered only 63.8 % of it. Nevertheless the comparison between the two curves is 
stark. The waste water fl ow is about twice the potable water fl ow, and therefore, on 
an area basis, it is 3–4 times higher than the water supply fl ow.  

 At MP1 the typical morning and evening peak fl ows can not be seen; only a 
slight decrease of the relatively constant fl ows is noticeable between 1:00 and 
6:00 a.m., when the average value was 127 l/s. At MP2 the fl ow was also relatively 
constant, with a slight increase between 10:00 and 14:00; the average fl ow during 
night-time, between 01:00 and 06:00, was 15.8 l/s. Table  3.2  presents the observed 
characteristic fl ows of wastewater during the recorded 24 h.

   The infi ltration fl ow (Q inf ) was calculated using the approaches described in 
 Sect. 3 . 

  Approach 1 
 The domestic wastewater fl ow was calculated based on potable water consumption 
per capita and the served population in the corresponding sub-catchment area. The 
last two parameters were calculated based on a study of water consumption, the 
average occupation rate of households, and the seasonal occupation rates of the 
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  Fig. 3.4    Location of the sewer fl ow measuring points in Bansko       
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holiday fl ats and hotels. It was also assumed that the wastewater discharge is equal 
to 90 % of the corresponding potable water consumption. Table  3.3  presents the 
results from the calculation of the domestic fl ows and the prediction of the infi ltra-
tion fl ows.

    Based on these fi gures the average specifi c extraneous water fl ow rates, R inf , for 
the connected sub-catchment areas are calculated as follows:

•    At MP1: R inf(MP1)  = Q inf(MP1)  /A MP1  = 0.69 l/(s · ha)  
•   At MP2: R inf(MP2)  = Q inf(MP2)  /A MP2  = 0.079 l/(s · ha).    

 Although both drainage areas are comparable, the calculated infi ltration fl ows 
differ substantially because the natural drainage conditions and the structural condi-
tion of the collectors also differ. The aquifer gradient goes in a northeast direction, 
so on the left side of the river (the western part) groundwater can easily drain 
directly into the river, whereas on the right side (the eastern area) the ground water 

  Fig. 3.5    Comparison between total measured wastewater and total measured potable water fl ow 
in Bansko       

   Table 3.2    Measured characteristic wastewater fl ows in Bansko   

 Parameter  MP1  MP2 

 Dry-weather peak fl ow  203.5 l/s at 00:25 a.m;  30.2 l/s at 12:14 a.m; 
 Minimum fl ow  90.0 l/s at 04:05 p.m  11.5 l/s at 16:25 p.m; 
 Average fl ow  142.5 l/s  18.6 l/s 
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table goes in direction away from the river (Fig.  3.4 ). With these factors in mind, it 
can be assumed that most of the sewer network connected to MP2 is above the 
groundwater table, whereas most of the collectors connected to MP1 are within the 
aquifer. It should also be noted that the sewer network in the western part was built 
about 10 years ago, while most of the network connected to MP1 is more than 40 
years old. 

  Approach 2 
 The infi ltration fl ow is calculated based on the minimum wastewater fl ow registered 
during the night. The measured minimum fl ows for both water supply and sewerage 
systems occurred between 3:10 and 5:35 a.m. The calculated average minimum 
potable water fl ow during this period was 68 l/s, while the measured instantaneous 
minimum fl ow of 66 l/s occurred at 4:05 a.m. If it is assumed that the water demand 
at this time should be minimal (close to 0 l/s), then the loss due to leaks in the water 
supply network for the whole town would be around 66 l/s (5,700 m 3 /day).  

 The total average minimum wastewater fl ow across both drainage areas 
(MP1 + MP2) during the same period was calculated as 132 l/s, since the minimum 
instantaneous fl ow, approximately 103 l/s, occurred also at 4:05 a.m. (Fig.  3.5 ). 
With the same assumption that there is not likely to be any signifi cant domestic 
activity at this time of day, this leads to the conclusion that the measured fl ows are 
mostly due to extraneous water. It is possible that part of the extraneous water is 
actually leaking potable water. Assuming that all the leaking potable water enters 
the sewer system and that the leakages are equally distributed throughout the town, 
it means that the contribution of leaked potable water to the sewer fl ow, in the 
measured sub-catchment areas, is around 30 %. It appears that ground water (including 
water from wells and springs within the town) makes the major contribution to the 

   Table 3.3    Determination of municipal fl ows and infi ltration fl ows at MP1 and MP2 in Bansko   

 Connected 
people 

 Potable water 
norm 

 WW return 
ratio 

 Wastewater 
fl ow 

 nr  l/ca/d  %  m 3 /d 

  MP1  
 Form residential areas, incl. holiday fl ats  4,960  110  90  491 
 From hotels  2,912  200  90  524 
  Total calculated domestic waste water    1,015  
  Average measured waste water fl ow    12,312  
  Resulting infi ltration fl ow    11,297  
  MP2  
 Form residential areas, incl. holiday fl ats  5,195  110  90  514 
 From hotels  1,112  200  90  200 
  Total calculated domestic waste water    714  
  Average measured waste water fl ow    1,607  
  Resulting infi ltration fl ow    893  
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extraneous water fl ow. Based on both approaches presented in the methodology, the 
extraneous water was quantifi ed as follows:

•    12,190 m 3 /d of extraneous water, calculated on average daily measured fl ows and 
calculated domestic sewage fl ows;  

•   11,405 m 3 /d of extraneous water, calculated on average minimum fl ows during 
the night.    

 It should also be noted that in the sub-catchment area connected to MP2 (apart 
from the discharge where the fl ow meter was installed), there were two combined 
sewer overfl ows that have permanent fl ow to the Glazne River. These fl ows were 
measured for approximately 1 h during the measurement campaign. They were also 
analytically calculated using Poleni’s formula (weir-height and length and esti-
mated height of overfl ow) during the initial on-site survey along the river banks. The 
average total fl ow of both outfalls was determined to be 11.5 l/s. The water from the 
fl ows is most probably underground water, which adds 994 m 3 /d more extraneous 
water to the analysed sub-catchment area.  

4.2.4     Wastewater Quality Measurement Survey 

 The results from the wastewater quality analyses during the measurement campaign 
are presented in Fig.  3.6 . For all 8 samples, the values for COD and BOD 5  over the 
24 h were below the norm for treated water, and only one value of SS was above the 
normative value. The results for TN were all below 12 mg/l and for TP below 1 mg/l.  

 Wastewater quality at 4 sewer network outlets is also monitored within the regu-
lar state monitoring program, an activity performed by the Regional Inspectorate on 
Environment and Water (RIEW) once every 6 months. The outlets are located along 
the Glazne River in the central and northeast part of the town. The samples are grab 
samples taken randomly during the day from some of the outlets. In total, 14 samples 
were collected during the period 2004–08. Samples from all 4 outlets were taken 
on the same day only on 17 January 2007. Figure  3.7  presents the results of COD 
and SS.  

 As shown in Fig.  3.7 , the concentrations of both COD and SS were low com-
pared to those of typical municipal wastewater. Indeed, about half the samples show 
values even lower than the normative requirements for treated wastewater. 

 All the available quality analyses confi rm the results from the wastewater fl ow 
measurements: that is, the sewer network acts mostly as a drainage system for 
groundwater. As a result, dilution is so high that during certain periods of the year 
there is no need for wastewater treatment. Such periods usually occur when there is 
no large tourist infl ux (e.g., during spring, summer, and autumn) and the ground 
water table is high enough to enter the sewer network (usually in spring and autumn). 
Nevertheless, infi ltration of groundwater into the sewer network, or exfi ltration of 
sewer water into ground water, cannot be considered a sustainable solution in line 
with the priorities of the EU Water Framework Directive 2000/60/EC for protection 
and management of groundwater (EU  2000 ).   
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  Fig. 3.6    Results of the wastewater quality monitoring during the fl ow measurement survey in Bansko       
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4.3     Case Study: Gotse Delchev 

4.3.1     General Information 

 Gotse Delchev, with the Gradska River running through its western and southern 
parts, is also located in South West Bulgaria, 20 km from the frontier with Greece. 
Due to a combination of rich natural resources, a skilled workforce, and advances in 
restructuring the local economy it has good potential for economic development. 
The policies of municipal authorities have attracted foreign investors, who have 
created a growing business environment for industries and medium enterprises such 
as textiles, clothing, and shoe-making. 

 There are more than 19,000 permanent residents in the town as registered in the 
national census of 2011. The town is not a major tourist destination, although there 
are some tourist activities. Seasonal variation of resident numbers is therefore not 
signifi cant. 

 The potable water supply system of Gotse Delchev, piped to 100 % of the resi-
dents, includes one treatment plant and three reservoirs, and the network is fed from 
three springs and a surface water intake. The network, operated by gravity, has a 
total length of approximately 63 km. About 45 % of the network piping is AC, 35 % 
steel, 4 % galvanised iron, and 16 % PE, with diameters varying between 60 and 
400 mm .  The PE pipes were installed in recent years to replace damaged AC or steel 
pipes. The age of the pipes can be divided into younger than 10 years (16.3 %) and 
older than 40 years (83.7 %). The many old pipes in the network results in abundant 
leakages and frequent incidents (Fig.  3.8 ). The replacement of some old distribution 
pipes has led to decreases in accidents along the water supply network; however the 
number of accidents in house connections is continuing to increase.  

 The existing wastewater system is a combined, gravitational one, with an approx-
imate length of 66 km which was laid some 40 years ago. The connection rate of 
households to the sewerage system is presently 98 %. More than 90 % of the net-
work has been constructed with concrete pipes. Nearly 100 % of the sewers have 
circular sections; only a few collectors (2.2 km) are oval, mouth-shaped, or rectan-
gular in section. Connections between the concrete pipes are rigid joints of the 
spigot-and-socket type sealed with cement mortar. 

 There is no WWTP in the town. The river bank survey found that sewage water 
discharges through 12 outfalls, in addition to two CSOs, located on both sides of the 
Gradska River. According to the river basin management plan for the Mesta River, 
of which the Gradska River is a tributary, the Gradska is classifi ed as a “water body 
in bad status” downstream of Gotse Delchev.  

4.3.2     The Problem of Extraneous Water 

 Gotse Delchev is situated in the valley of Mesta River, surrounded with hills rising 
to around 1,000 m. The surrounding terrain is trenched by a large number of faults, 
where mineral springs occur. 
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 The manhole survey covered 271 manholes (30 % of the total). Evidence of 
signifi cant amounts of clear, not foul-smelling wastewater was found in 77 manholes, 
mainly in the sewer collectors close to the river. 30 sewer sections with length 
between 30 and 110 m (in total 1 km length) were selected for inspection with 
CCTV camera. Only 9 sewer sections however were inspected completely, while in 
the rest 21 sections the camera couldn’t reach the end due to impassable obstacle. 
The average distance, within a section, at which the CCTV camera detected a 
problem was 1.20 m, while the longest distance without observable defects was 
17.40 m. The CCTV inspection showed that the sewer collectors were in very poor 
condition, resulting in partly broken or cracked cement pipes or offset joints, as well 
as signifi cantly reduced hydraulic capacity (more than 50 %) due to deposits of 
sand, stones, bricks, etc. (Fig.  3.9 ). It was also found that, over time, the cement 
mortar that sealed the joints had washed off and there was actually no waterproof 
connection between the concrete pipes.   

4.3.3    Wastewater Flow Measurement Survey 

 A wastewater fl ow measuring campaign was carried out, in dry weather conditions, 
from Wednesday 6 to Thursday 7 May 2009. The methodology and the fl ow measur-
ing device were similar to the Bansko case study. 
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 A single measuring point was selected for the survey (Fig.  3.10 ). The fl ow meter 
was installed at the outlet of the main sewer collector on the left bank of the Gradska 
River (an oval pipe with dimensions of 1,800 by 1,200 mm). The total connected 
area at the measuring point (MP) was 184.12 ha; since the total area of Gotse 
Delchev is 301 ha, the measuring point represents 61 % of the town’s drainage area. 
In parallel with the wastewater measurements, a fl ow and pressure measurement 
campaign was carried out in the water supply network from 30 April to 7 May 2009. 
Flow meters were installed at the outgoing pipes of the three water supply reservoirs. 
Pressure measurement was carried out in 8 points within the potable water 
network. The results show that the average pressure is adequate in all parts of the 
network. The maximum recommended pressure of 6.0 bars was exceeded (but by no 
more than 15 %) at 50 % of the locations. The minimum pressure never dropped 
below the recommended value of 1.0 bar.  

 Figure  3.11  presents a summary of the simultaneous measurement of wastewater 
fl ow and potable water fl ow. Here it should be noted that the potable water measure-
ments represent fl ow to the whole town. The observed dry-weather peak fl ow was 
192 l/s at 12:55 a.m., whereas the lowest observed fl ow was 80 l/s at 03:50 a.m. The 
calculated average daily fl ow was 107 l/s. A short rainfall event occurred on the 
morning of 6 May, which resulted in a peak in wastewater fl ow observed between 
12:30 and 13:30. For the rest of the time the wastewater fl ow followed a stable trend. 
For the purposes of this investigation, the most important values are the average and 
the night-time minimum wastewater fl ow. Since the infl uence of the peak fl ow on 
the average values is not signifi cant, the authors consider that the fl ow measurement 
results are representative. The extraneous water fl ow Q inf  was calculated using the 
same approach as was used for Bansko.  

  Fig. 3.9    Classifi cation 
of the pipe damages 
in the sewer network 
in Gotse Delchev       
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  Fig. 3.10    Location of the sewer fl ow measuring point in Gotse Delchev       

  Fig. 3.11    Comparison between total measured wastewater and total measured potable water fl ow 
in Gotse Delchev       

 

 

3 Coping with Extraneous Water in Sewerage Systems



84

  Approach 1 
 The domestic sewage fl ow was calculated using the same methodology described 
previously. The industrial effl uent fl ows were calculated based on the water 
consumption of the corresponding plants in the sub-catchment area, assuming a 
100 % discharge rate. Table  3.4  presents the results, at the measuring point, of the 
calculation of domestic sewage fl ows and estimates of infi ltration fl ows in the sub- 
catchment area. Based on these fi gures, the average rate of extraneous water fl ow 
Q inf  for the measured area is 0.48 l/(s · ha).

     Approach 2 
 The minimum potable water fl ow occurred between 23:35 and 2:30 with an average 
value of 88.1 l/s and a transitory minimum of 85.4 l/s at 00:30. If it is assumed that 
the water demand at this time is close to 0 l/s, this leads to the conclusion that the 
losses due to leaks in the water supply network for the whole town are around 88 l/s 
(7,603 m 3 /day). The period of minimum sewage fl ow is typically delayed in time 
and occurs between 2:55 and 5:25, with an average value of 85.8 l/s (7,413 m 3 /d) 
and instantaneous minimum of 80.5 l/s at 3:50. Using the same assumption that 
there is not likely to be any signifi cant domestic or industrial activity at this time, the 
measured fl ows are therefore considered as extraneous water.  

 Assuming that all the leaking potable water goes into the sewer system and that 
the potable water leakages are equally distributed, this means that the contribution 
of the leaking potable water pipes to the sewer fl ow in the measured sub-catchment 
area is around 63 %. If one also assumes that potable water leakages are equally 
distributed over the encompassed population, which is 77 % of all residents, then 
the contribution of potable water leaks is about 79 %. 

 Based on both approaches for calculating the extraneous water fi gure, the following 
conclusions can be made.

•    There is 7,642 m 3 /d of extraneous water, based on average daily measured fl ows 
and calculated municipal fl ows;  

•   There is 7,413 m 3 /d of extraneous water, based on average minimum fl ows during 
the night.    

 The values of minimum potable water and wastewater fl ows are comparable, 
which prompts the conclusion that potable water leakages form the major part of the 
extraneous water in the sewer system.  

   Table 3.4    Determination of municipal fl ows and infi ltration fl ows at MP1 in Gotse Delchev   

 Connected 
people 

 Potable 
water norm 

 WW return 
ratio 

 Wastewater 
fl ow 

 Nr  l/ca/d  %  m 3 /d 

 Form residential areas  14,780  110  90   1,463  
 From industrial units   140  
  Total calculated municipal waste water    1,603  
  Average measured waste water fl ow    9,245  
  Resulting infi ltration fl ow    7,642  
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4.3.4    Wastewater Quality Measurement Survey 

 The results from the wastewater quality analyses during the measurement 
campaign are presented in Fig.  3.12 . The values for TN ranged from 11 to 24 mg/l 
(average 16 mg/l), while the values for TP ranged from 0.9 to 2.4 mg/l (average 
1.5 mg/l).  

 The wastewater quality analyses show that the concentrations of the mentioned 
parameters are relatively low. During the night hours the values were well 
below the discharge norms for treated wastewater. The discharge from one sewer 
collector in Gotse Delchev was monitored within the regular state monitoring pro-
gram, which is performed by RIOSV Blagoevgrad once every 6 months. Figure  3.13  
presents the results of BOD 5  and SS obtained from campaigns taking place during 
the period 2004–08. The sampling methodology is similar to the one described for 
Bansko. The values for COD and BOD 5  are comparable with the ones recorded 
during the 24-h measuring campaign (Fig.  3.12 ). The concentrations are lower than 
the values typical for a municipal sewerage system. The quality analyses confi rm 
the conclusion that the wastewater is much diluted and not typical of municipal 
sewage.    
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4.4     Recommendations for Sustainable Management 
in the Case Studies 

 Both case studies indicate that extraneous water represents a major part – 80 to 
83 % – of the sewage fl ow, which means that the combined sewerage system is actu-
ally operating as a drainage system for extraneous water. Although both towns have 
a similar problem, in Bansko ground water infi ltration is the major cause due to a 
naturally high aquifer level, while in Gotse Delchev the extraneous water appears to 
come mostly from leakage of the water supply system and its subsequent infi ltration 
into sewers. The situation in both towns translates to unsustainable urban water 
management, seen either in environmental, economic, or social terms. The negative 
impacts of these aspects are summarised in Table  3.5 .

   This situation demands engineering solutions be found for rehabilitating and/or 
reconstructing the potable water and sewer infrastructures, solutions which are both 
economically feasible and socially acceptable and which will answer all the require-
ments for sustainable development. 

4.4.1    For the Town of Bansko 

 Recommendations have been made to replace Bansko’s 18.9 km of old water 
supply pipes with new ones in order to reduce potable water leakage from its 
current 47 % to 28 % in 2015. It has also been suggested that the existing 
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  Fig. 3.13    Quality of sewer wastewater in Gotse Delchev (Data source: RIEW)       
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combined sewer network be transformed into a separated one by constructing a 
new separate network (25.2 km) for domestic and industrial urban wastewater. 
Another suggestion is to rehabilitate the existing combined sewer network 
(14.9 km, or around 22 % of the existing one) so that it can continue to operate 
as a drainage system for both ground water and storm water, since the groundwater 
needs to be drained anyway. 

 The suggested rehabilitation measures in the sewer network, combined with 
rehabilitation of the water supply network, is expected to reduce extraneous water 
fl ow to a target value of 0.05 l/(s · ha) in 2015. This value is recommended as a 
design parameter in the German standard DWA-A 118 ( 2006 ). 

 If the amount of extraneous water is decreased in this way, the design fl ow for the 
future WWTP would be reduced by about two-thirds. The concentration of organic 
matter in the wastewater will correspondingly increase, thus permitting the biological 
stage of the future municipal WWTP to operate effectively.  

4.4.2    For the Town of Gotse Delchev 

 Rehabilitation of 22.5 km of water supply pipes has been suggested, a length that 
represents 36 % of the whole distribution network. This would reduce potable water 
losses from 73 % at the moment to 38 % in 2015. Due to fi nancial limitations, 
further reduction of water losses will not be possible within the budget of the 
“Environment 2007–2013” operational program. 

 Concerning the sewer network, there have been suggestions for rehabilitation of 
the 11.3 km of existing collectors, construction of 11.4 km of new collectors, and 
construction of 7 CSOs. Such measures would affect 47 % of the whole network 
and, together with the rehabilitation measures in the potable water system, it is 
expected that they would reduce the current extraneous water rate to a target value 
of 0.05 l/(s · ha). In this way, the design fl ow for the future WWTP is reduced by 
almost 38 %. After implementation of these measures, all residents in both towns 
will be connected to a sewer system that includes wastewater treatment.    

   Table 3.5    Components of sustainable development that are negatively affected by the present 
state of potable water and sewer systems in the town of Bansko and Gotse Delchev   

 Component  Impact 

  Environmental 
component  

 Ineffi cient utilization of the natural water resource due to signifi cant leakages 
in the potable water system; 
 Pollution of groundwater due to high rate of infi ltration/exfi ltration in the 
sewer systems; 

  Economic 
component  

 Increased operation and maintenance costs for potable water treatment and 
transportation; 
 Increased operation and maintenance costs for sewer system maintenance; 

  Social 
component  

 Continuously increasing price of water supply and sewage conveyance service 
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5     Conclusion 

 This chapter presents a practical, fast, and low cost approach for estimating extraneous 
water fl ows in existing combined municipal wastewater systems. The approach was 
applied in two case studies to determine the magnitude and origin of the extraneous 
water in the sewer system. The studies assisted the responsible authorities at muni-
cipal and state levels to select appropriate measures for solving the problem. 
Accordingly, the two towns will:

    1.    Reduce ineffi ciencies in water resources use through decreasing leakages in the 
potable water system;   

   2.    Reduce the operation and maintenance costs of the water supply system;   
   3.    Reduce signifi cantly the hydraulic load in the sewerage system through prevent-

ing extraneous water infi ltration;   
   4.    Reduce underground water pollution through exfi ltration from the sewerage system;   
   5.    Reduce the capital cost for construction of future WWTPs;   
   6.    Reduce the energy demand for pumping wastewater at the inlet to the WWTP;   
   7.    Reduce the operational cost of the WWTPs and promote lower tariffs for waste-

water treatment.     

 These achievements will contribute to a shift towards more sustainable urban 
water management in both towns.     
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    Chapter 4   
 Challenges for Water Supply and Sanitation 
in Developing Countries: Case Studies 
from Zimbabwe 

             Innocent     Nhapi    

1            Introduction 

    Many developing countries are not on course to meet the Millennium Development 
Goals for water supply and sanitation (WHO/UNICEF  2012 ). There continues to be 
disparities in urban and rural services and also between water supply and sanitation 
(WSS). Water supply has continued to receive preferred attention compared to 
 sanitation. WHO/UNICEF ( 2012 ) fi gures show that access to safe water supply in 
developing countries stands at about 86 % compared to 99 % in developed coun-
tries. Poor water quality has resulted in many waterborne disease outbreaks in 
developing countries, such as cholera, dysentery, and typhoid. For sanitation, the 
situation is critical, with coverage fi gures at 56 % for developing countries versus 
95 % in developed countries (WHO/UNICEF  2012 ). Poor sanitation, unsafe water 
supplies, and unhygienic practices can cause the transmission of a wide range of 
diseases (especially diarrheal diseases, skin and eye diseases, and worm infesta-
tions). Poor water and sanitation also worsen malnutrition, which in turns leads to 
stunting, lower school and work productivity, and impaired cognitive function and 
learning capacity. 

 Using UNDP ( 2013 ) fi gures, the world population has increased by an average 
1.3 % per annum since 1990 and currently stands at about 7 billion. The Sub- 
Saharan Africa (SSA) population has also increased by an average annual rate of 

        I.     Nhapi      (*) 
  Department of Environmental Engineering ,  Chinhoyi University of Technology , 
  Private Bag 7724 ,  Chinhoyi ,  Zimbabwe   
 e-mail: I_nhapi@yahoo.com  

mailto:I_nhapi@yahoo.com


92

2.6 % since 1990 and currently stands at about 860 million. Global urbanisation has 
increased from 43 % in 1990 to 51 % in 2010 and the rising trend is expected to 
continue as poor countries industrialise and fl oods and droughts affect rural 
 communities. The SSA region is urbanising at a rate of 4.0 % per annum. This 
urbanisation, which is highest in developing countries, has led to the mushrooming 
of informal settlements where water supply and sanitation services are almost non- 
existent. It has also placed serious pressures on ageing water and sanitation infra-
structure in existing high density and low income areas. 

 This chapter looks at the broader challenges in water supply and sanitation 
in developing countries, focusing particularly on the SSA experience and using 
Zimbabwe as a case study. The reason for choosing SSA instead of the whole 
of Africa is that the other North African countries (Egypt, Libya, Morocco, 
Tunisia, Algeria) generally show a substantially different picture of develop-
ment indicators (WHO/UNICEF  2013 ; UNDP  2013 ). Including these countries 
would distort the indicators used in this chapter. The distinction also enables 
regional comparisons, as most UN and other multilateral reports always distin-
guish between North Africa and SSA. The chapter starts by outlining the gen-
eral water supply and sanitation issues, covering both domestic and productive 
water, and how this relates to  environmental and health issues in SSA. It then 
uses Zimbabwe as a case study for going into further details and introducing 
the institutional responses. It also looks at the urban and rural aspects of water 
supply and sanitation services. This work is based on a review of the literature, 
practical experience, and personal knowledge of the water and sanitation sector 
in Zimbabwe. 

 Figure  4.1  shows a map of the Southern Africa Development Community 
(SADC) countries. The SADC is a Regional Economic Community in Africa 
 comprising 15 member states: Angola, Botswana, Democratic Republic of 
Congo, Lesotho, Madagascar, Malawi, Mauritius, Mozambique, Namibia, 
Seychelles, South Africa, Swaziland, Tanzania, Zambia, and Zimbabwe. 
Established in 1992, SADC focuses on regional integration and poverty eradica-
tion within Southern Africa through economic development and ensuring peace 
and security. Zimbabwe was once a success story in SADC in terms of water 
supply and sanitation, with almost complete coverage in urban areas and above 
60 % coverage in rural areas (WHO/UNICEF  2013 ). This scenario changed at 
the turn of the century when a political crisis affected the economy resulting in 
annual infl ation soaring to billion percentage levels and economic collapse. A 
great cholera outbreak in 2008/09 attracted the attention of international donors, 
leading to a current recovery. This chapter discusses the water and sanitation 
sector in Zimbabwe in more detail, including a background to the cholera out-
break, water supply and sanitation  challenges in rural and urban areas, institu-
tional responses, and fi nancial issues.   

I. Nhapi



93

2     Challenges to Water Supply and Sanitation 
in  Sub- Saharan Africa 

2.1     The Challenge of Urbanisation and Slum Developments 

 Like other developing countries, African countries are urbanising very quickly. 
Some 49 % of the world’s population is estimated to be living in rural areas; in SSA, 
it is estimated that about 37 % of the population live in cities and these cities are 

  Fig. 4.1    Location of Zimbabwe within the Southern Africa Development Community (Map by 
W. Gumindoga)       
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growing at an average rate of 2.6 % per year, as calculated by UNPD ( 2013 ) and 
WHO/UNICEF ( 2013 ). Globally, less developed regions will hit the half-way point 
later, but likely before 2020. The 3.3 billion global urban population is expected to 
grow to 4.9 billion by 2030. Urbanised areas in SSA are forecast to grow most 
 rapidly, doubling in population between 2000 and 2030. 

 Sub-Saharan Africa is headed for a population emergency, as the population has 
been growing at an annual rate of 2.6 % since 1990. In 1960, there was only one 
SSA city (Johannesburg) which had 1 million or more residents, and now there are 
over 30 megacities, straining urban services. Only six nations in Africa had eco-
nomic growth rates above 7 % in 2010 (Chuhan-Pole et al.  2011 ) – the minimum 
rate believed necessary to support population growth of this magnitude. 

 The rapid growth of African cities has failed dismally to keep pace with required 
urban shelter. This has given rise to the development of so-called ‘peri-urban hous-
ing’ or slums. From Table  4.1 , it can be seen that urbanisation in SSA has become 
virtually synonymous with slum growth, and there is a similar trend in most devel-
oping countries. Common examples of slum settlements are found in Kenya, South 
Africa, Tanzania, Uganda, Zambia, and Zimbabwe (UN-HABITAT  2012 ). The 
battle to achieve the MDGs will therefore have to be waged in urban slums. This is 
due mainly to the failure of governments to cater for the infl ux of people from rural 
areas, amid growing poverty levels in many SSA countries. In other cases, wars and 
the HIV/Aids pandemic have displaced many people who have been forced to seek 
shelter and better opportunities in urban areas. The majority of slum dwellers in 
African cities are between the ages of 15 to 24 (Zulu et al.  2002 ). Table  4.1  shows a 
positive trend in the reduction of urban slum dwellers from 70 % in 1990 to about 
62 % in 2012. However, the fi gures for SSA remain the highest compared to other 
regions and the downward trend could be reversed due to recent droughts and an 
economic recession mainly affecting rural communities.

    Table 4.1    Percentage of slum dwellers in urban population by region, 1990–2012   

 Major region or area  1990  1995  2000  2005  2007  2010  2012 

 Developing regions  46.2  42.9  39.4  35.6  34.3  32.6  32.7 
 Northern Africa  34.4  28.3  20.3  13.4  13.4  13.3  13.3 
  Sub-Saharan Africa    70    67.6    65    63    62.4    61.7    61.7  
 Latin America and the Caribbean  33.7  31.5  29.2  25.5  24.7  23.5  23.5 
 Eastern Asia  43.7  40.6  37.4  33  31.1  28.2  28.2 
 Southern Asia  57.2  51.6  45.8  40  38  35  35 
 South-eastern Asia  49.5  44.8  39.6  34.2  31.9  31  31 
 Western Asia  22.5  21.6  20.6  25.8  25.2  24.6  24.6 
 Oceania  24.1  24.1  24.1  24.1  24.1  24.1  24.1 

   Source: UN-HABITAT ( 2012 )  
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2.2        Water Resources Challenge 

 There are basically two main challenges related to water resources management for 
urban areas. The fi rst one is how to supply enough water of adequate quality to all, 
at all places, at all times, and at an affordable cost. The second and emerging 
 challenge is related to adaptation and suffi cient resilience against the extreme 
 climatic conditions of fl oods and droughts. These challenges are compounded by 
rapid urbanisation and massive land use changes. Often, the fl oods that kill people 
in urban areas are strongly concentrated in areas with high population growth. The 
global energy crisis has resulted in many urban areas resorting to fi rewood for fuel, 
a situation that has resulted in massive deforestation in urban areas and surround-
ings. The increase in the use of fi rewood has resulted in some cities experiencing 
problems with sand and silt in sewers since households resort to sand for removing 
soot from their pots. Harare in Zimbabwe is typical of such a problem (see Fig.  4.2 ). 
Global warming and climate change are also altering temperatures, affecting evapo-
ration and rainfall, and ultimately increasing the frequency and severity of fl oods 
and droughts.  

 The quest for better opportunities and jobs in towns and cities has, no doubt, 
exacerbated rural-to-urban migration, but global warming and climate change might 
also have been a factor. A lack of developed water supply infrastructure, such as 
dams and boreholes, in rural areas could motivate people to migrate from drought- 
prone areas into cities.  

2.3     Water and Health 

 Water is responsible for spreading 80 % of diseases in Africa. The main causes of 
death in children under fi ve are diarrhoea, malaria, and measles (Lopez and Mathers 
 2006 ). Malnutrition accounts for about one-third of the disease burden in low- and 
middle-income countries. The most effective management intervention is providing 

  Fig. 4.2    High levels of sand in sewers ( left ) can cause downstream problems at sewage treatment 
plants ( right ) (Photographs: City of Harare)       
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safe drinking water and proper disposal of human waste (UNEP  2010 ). Figure  4.3  
shows that there is a relationship between child mortality and access to improved 
sanitation ( R  2  = 0.54). Although the graph does not show other factors that affect 
child mortality, such as general nutritional standards, access to health care and 
 medical treatment, and so on, it is clear that there is a causal connection between 
access to sanitation and health. Additionally, improved sanitation will provide mul-
tiple other benefi ts: reducing the incidence of diarrhoeal diseases is important, espe-
cially for young children.  

 Poor sanitation, unsafe water supplies, and unhygienic practices lead to the trans-
mission of a wide range of diseases, especially diarrheal diseases, skin and eye 
diseases, and worm infestations. Poor water and sanitation also leads to malnutri-
tion, resulting in stunted growth, lower school and work productivity, and impaired 
cognitive function and learning capacity. The cost of not investing in water and 
 sanitation also affects education, water resources, the environment, poverty reduc-
tion, tourism, and economic development. The impact of water and sanitation is 
often underestimated: the cost of not investing can be a cost to society of 2–5 % of 
GDP (Rees et al.  2012 ). Sanitation has therefore been described as “the greatest 
medical milestone since 1840” (British Medical Journal  2007 ).   

3     Water Management and Challenges in Zimbabwe 

3.1     Cholera Outbreaks in Zimbabwe 

 Zimbabwe has been sporadically affected by cholera outbreaks on an annual basis 
since 1998 (Red Cross  2010 ). The protracted 2008/09 cholera crisis was attributed 
to weakened public health and municipal services, with local authorities unable to 
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provide adequate access to safe water, waste disposal, and sanitation. By the end of 
June 2009, 98,702 cases of cholera had been reported, with 4,282 deaths and a 
cumulative case fatality rate (CFR) of 4.3 %. According to WHO ( 2004 ), a CFR of 
<1 % from cholera is acceptable. Harare alone reported a total of 15,773 cases and 
485 deaths, giving a CFR of 3.1 % (UNICEF  2010 ). Actually, it is possible that 
many more people might have died but were not recorded, especially in peri-urban 
and rural areas. The incidence of cholera in Zimbabwe during 2008/09 is shown in 
Fig.  4.4 .  

 Partners in the Water, Sanitation and Hygiene (WASH) cluster estimated that, 
just before the cholera outbreak, 6 million people in Zimbabwe had limited or no 
access to safe water (UNICEF  2010 ). This was largely due to the unavailability of 
water treatment chemicals, irregular refuse collection, and inadequate sanitation 
facilities, as well as a lack of resources to repair damaged infrastructure. Leaking 
sewers in some urban residential areas and insuffi cient number of latrines in many 
rural areas resulted in unhygienic conditions and practices which led to the contami-
nation of water sources, contributing signifi cantly to the outbreak (Gwinji  2010 ). 
The situation was further exacerbated by the deteriorating socio-economic condi-

  Fig. 4.4    Overview of the cholera outbreak in Zimbabwe, August 2008 to June 2009 (Map by 
W. Gumindoga based on data from UNICEF Zimbabwe)       
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tions and food security in the country, a dire situation which called for major 
humanitarian intervention. The cholera outbreak in 2008 coincided with a period of 
breakdown of many systems, including the national fi nancial system, hyperinfl a-
tion, and little or no municipal service delivery (Red Cross  2010 ). Most residential 
areas in urban areas had to survive for many days or even months without water 
supply, and most sewerage systems were choked by reduced water infl ows (UNICEF 
 2010 ). The blocked or collapsed sewers resulted in sewage fl owing all over residen-
tial areas and the sewage fl ows found their way to shallow wells and boreholes 
(Fig.  4.5 ). Most people were forced to resort to the use of river water or shallow 
unprotected wells. With less household water available, personal hygiene greatly 
suffered and most public toilets were unusable. Open-air defecation became com-
mon, increasing the opportunity for disease transmission since even the basic prac-
tice of handwashing with soap after visiting the toilet was not possible.  

 A study by Kumwenda ( 2012 ) identifi ed two phases of the 2008/09 cholera out-
break in Zimbabwe (Fig.  4.6 ). Period A was before the cholera was declared a 
national disaster and the start of donor interventions to control the disease in terms 
of preventative actions and treatment. Period B shows the response and containment 
period. However, this study makes clear that cholera outbreaks are likely to recur 
unless concerted efforts are made to ensure safe water supplies and access to good 
sanitation into the future. The analysis also showed that the cholera outbreak period 
coincided with a period during which water production seriously went down 
(Fig.  4.7 ). Although the circumstances have not been fully documented, the study 
noted that apparently after the supply of water treatment chemicals was withdrawn 
by donors in March 2012, water production by City of Harare went down.   

 There are a number of WASH-related disease outbreaks that have been recorded 
in Harare from 2000 to 2011, the main ones being cholera, dysentery, diarrhoea, 
and typhoid (Mokitimi  2012 ). These are waterborne diseases that are caused by 

  Fig. 4.5    Use of unprotected shallow wells ( left ) and protracted sewer overfl ows ( right ) became 
very common, especially in high density suburbs, during the 2008 cholera outbreak in Zimbabwe 
(Photographs: I. Nhapi)       
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pathogenic microbes that can be directly spread through contaminated water. 
Dysentery rates appear to have been fairly consistent over the years, resulting in a 
number of fatalities since 2000 (Fig.  4.8 ). However, the cholera outbreak of 2008/09, 
discussed earlier, stands out as the most severe and well-known outbreak of 
 waterborne  disease in the country.   
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3.2     Historical Development of WASH in Zimbabwe 

 The development of WASH in Zimbabwe can be classifi ed into four phases 
 according to the World Bank Zimbabwe Country Status Overview Report of 2010. 
The phases are elaborated below. 

  Phase I: Rhodesian Legacy (Until 1979)     Rhodesia, as Zimbabwe was known 
before independence in 1980, began developing its urban infrastructure from the 
1890s. Urban and commercial farming infrastructure development in the fi rst half of 
the twentieth century was heavily skewed towards the interests of the white settlers, 
though water and sewerage services were also extended to African high density 
townships (Masst  1996 ). The city and town water, sewerage, stormwater drainage, 
and waste disposal services were built to a high standard. Decentralised manage-
ment was in place from an early date, and urban and town services were managed 
through water and sewerage departments in local authorities (AMCOW  2010 ). 
Zimbabwe’s urban infrastructure during the latter part of the twentieth century was 
built on the revenue from urban consumers. Water supply and sanitation services in 
rural areas, where the majority of the indigenous population lived, were typically 
neglected (AMCOW  2010 ).  

  Phase II: Independence (1980–1999)     At independence in 1980, an international 
conference on reconstruction and development (ZIMCORD) sought to rebuild the 
country’s infrastructure after the devastating effects of the war of liberation. The 
main water supply and sanitation challenge was to extend services to rural areas. 
The 20 years ending at the millennium saw a near doubling of coverage (WHO/
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UNICEF  2013 ). During the early years of independence, the government developed 
an Integrated Rural Water Supply and Sanitation Program (IRWSSP), based on 
government-subsidised, low-cost, locally developed technologies (Bush pumps, 
VIP latrines) (AMCOW  2010 ). The IRWSSP was built on external development 
assistance grants to the Government of Zimbabwe (GoZ). By contrast, the growing 
urban population continued to be served by decentralised municipal authorities and 
coverage levels of nearly 100 % were maintained for urban water supply and sewer-
age services. Milestones in sector development were: adoption of a National Master 
Water Plan for Rural Water Supply and Sanitation (NMWP) in the mid 1980s; the 
establishment of a National Action Committee (NAC) and its secretariat (the 
National Coordination Unit, NCU) to coordinate the IRWSSP; revision of the Water 
Act in 1998 to establish catchment management councils; and the creation of a 
 central parastatal, the Zimbabwe National Water Authority (ZINWA) for commer-
cial management of the country’s water resources (AMCOW  2010 ).  

  Phase III: Collapse (2000–2008)     The decline of the economy (due to donor 
 confrontation over the land reform program), the collapse of government funding, 
and the pull-out of donors from 2000 saw reduced investments in service delivery 
for nearly a decade, characterised by failure to repair or maintain an already aging 
infrastructure. The collapse in public sector salaries led to a signifi cant exodus of 
skilled manpower. Capacity shortages developed in the public and private sector 
along the entire value chain: local manufacturing and supply of essential equipment, 
spares, chemicals and commodities, management of water treatment and wastewa-
ter plants, engineering supervision, fi nance, administration, project design, contract 
management, policy guidance, and necessary skills at provincial, district and village 
levels (AMCOW  2010 ). A nationwide cholera epidemic started in August 2008 and 
spread to 60 out of 62 districts, as well as into neighbouring countries. The outbreak 
was an indicator of the state of national neglect of the water and sanitation sector.  

  Phase IV: Emerging Recovery (2009 Onwards)     The cholera epidemic generated 
a considerable humanitarian response from all parties. This, together with the 
 introduction of a multi-currency system and the establishment of a Government of 
National Unity (GNU), led to important sector developments. The cholera emer-
gency generated a strong response from donors and NGOs with UNICEF playing a 
leading role in coordinating the humanitarian response (IWSD  2009 ). A WASH 
cluster mobilised and coordinated the rural sector and an Urban Emergency 
Rehabilitation Program focused on supplying chemicals to urban local authorities, 
drilling boreholes and implementing cholera educational programs (GoZ and WHO 
 2011 ). The defi nition of humanitarian assistance was expanded to include “quick 
win” repairs to essential components of the water infrastructure. An analytical 
Multi-Donor Trust Fund (MDTF) was established to support critical studies and 
capacity building. A programmatic MDTF was also set up by the World Bank. In 
February 2010 the Ministers from the four leading water-related ministries met and 
agreed on plans to restructure the water and sanitation sector leadership, building 
momentum for a new era in sector development (see Sect. 14.3.7).   
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3.3     Zimbabwe WSS Sector Challenges Versus MDG Targets 

3.3.1     Zimbabwe MDG Targets 

 The aftermath of the cholera outbreak saw a lot of investment in the supply of water 
treatment chemicals and the rehabilitation of critical water and sanitation infrastructure. 
Other areas targeted included the improvement of solid waste management and improved 
health and hygiene awareness. It was later realised that all these investments were going to 
count for nothing if they were only supported by donors, with councils collecting very 
little in terms of revenue (GoZ and WHO  2011 ). A World Bank scoping report in April 
2009 estimated that less than 20 % of urban water and wastewater expenses were being 
recovered from revenue collections. A lot of effort thus began to be focused on tariff 
setting, management, and revenue collection. High water losses, up to 50 %, also meant 
reduced revenues for councils, so funding was therefore directed at further rehabilitation. 

 The Zimbabwe water and sanitation MDG targets are shown in Table  4.2 . 
However, Zimbabwe also developed a draft water policy in 2004, a policy that was 
never implemented, and this had ambitious targets of almost universal coverage by 
2015. The target was set despite the fact that in 2004 the Zimbabwean economy was 
already on an uncontrolled decline. The country’s infl ation environment, shown in 
Fig.  4.9 , derailed all investment efforts to meet the MDG targets.

   Table 4.2    Zimbabwe MDG targets and achievements (Source: AMCOW  2010 ; WHO/UNICEF 
 2013 )   

 MDG targets 
(2015) 

 2004 Draft policy targets 
(2015) 

 Latest JMP fi gures 
(2011) 

 Water coverage  90 %  100 %  80 % 
   Rural  85 %  100 %  69 % 
   Urban  99 %  100 %  97 % 
 Sanitation coverage  79 %  85 %  40 % 
   Rural  68 %  80 %  33 % 
   Urban  100 %  100 %  52 % 

  Fig. 4.9    Infl ation in Zimbabwe from Jan 2001 to Jan 2007 before it spiralled to billions in 2008, 
signalling the collapse of the water and sanitation sector, among other calamities (Own elaboration 
using data from   www.rbz.co.zw    )       
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    Zimbabwe has numerous national water supply and sanitation targets. Estimates 
of coverage and investment requirements also vary considerably. Two scenarios of 
the current status can be developed which represent the range of sector status:

    Scenario 1  – an optimistic scenario is presented which uses the lower targets, is 
based on WHO/UNICEF Joint Monitoring Programme (JMP) fi gures, and 
assumes suffi cient and sustained budget allocations from 2010 onwards with 
supplementary funding from the Multi-Donor Trust Fund. In 2008, JMP sug-
gested that 82 % of Zimbabweans had access to improved drinking water and 
only 68 % had reasonable access to an improved toilet.  

   Scenario 2  – a more pessimistic scenario which uses the higher targets, Zimbabwean 
sector agencies’ own fi gures, and assumes a scenario where, without a political 
settlement, external resources are more limited and budget allocations cannot 
be sustained. This scenario uses the lower estimates that in 2008, 46 % of 
Zimbabweans had access to improved drinking water and 30 % to improved 
sanitation facilities.     

3.3.2     JMP Drinking Water and Sanitation Coverage Trends 
in Zimbabwe, 1990–2010 

 The water supply coverage in urban areas of Zimbabwe shows very high coverage 
of piped water (Fig.  4.10 ) but this coverage has been declining over recent years. 
This is attributed to a number of new housing plots under development by 
 cooperatives where plot owners have moved onto their plots without fi rst fi nishing 
the house to an acceptable state. Performance issues include high unaccounted-for 
water, sub- economic tariffs, and reluctance to pay for water due to erratic and poor 
service delivery (Manzungu and Chioreso  2012 ; Ndebele  2012 ).  

 Rural water supply coverage is, surprisingly, showing limited movement (71–
69 %) despite huge investments into the rural water sector at the end of the last 
millennium. The land reform of 2000 also resulted in people moving from commu-
nal areas to formerly commercial farming areas (Scoones et al.  2011 ). Although no 
scientifi c studies have been conducted to ascertain the water and sanitation situation 
in resettled areas, it is most likely that very few resettled farmers have reasonable 
toilet facilities, and heavy soils in resettled areas have poor well water yields. With 
a declining economy, very few households can afford to drill and equip boreholes 
which cost from USD4,000 upwards. 

 Compared to drinking water coverage, national improved sanitation coverage is 
virtually stagnant at 40 %, despite large investment programs in rural sanitation. 
This situation (Table  4.3 ) suggests there is still a large number of people who must 
use open-air defecation in Zimbabwe and points to a signifi cant failure of the rural 
sanitation policy in the country. Although urban sanitation shows extremely high 
coverage, it is now declining. The general conclusion is that either new investment 
or a new policy addressing current urban sanitation challenges is required. The 
 current high standards of urban sanitation (sewerage provision) might be diffi cult to 
sustain and justify in the long-term.
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3.4         Key Rural WASH Challenges in Zimbabwe 

 Zimbabwe’s rural water and sanitation services, once a source of national pride, 
have suffered a major collapse in the past decade due to, among other reasons, the 
fl ight of external support agencies in 2000, persistent droughts that have resulted in 
severe stress in both surface and underground water, general economic decline, 
eroded institutional and community capacity, and the effects of the HIV/Aids pan-
demic. In the new resettlement areas there are very few water and sanitation facili-
ties and people rely on unsafe sources of water and use bushes for disposal of 
excreta. From a ministerial meeting on water sector coordination held in Nyanga in 
February 2010, key challenges in the rural WASH sector were identifi ed. For ease 
of discussion here, they are grouped into the following broad categories: inadequate 
organisation/coordination of water and sanitation utilities at all levels; the economic 
situation (an external factor); and defi ciencies in public action at the national level.

  Fig. 4.10    JMP-estimated trends of drinking water and sanitation coverage in Zimbabwe to 2011 
(Source: WHO/UNICEF  2013 )       
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•     Inadequate organisation/coordination of water and sanitation utilities at all 
 levels  – There has been a lack of clarity about overall leadership in rural water 
supply and sanitation (RWSS). Coordination structures for the water and sanita-
tion sector at all levels are currently weak and thus require urgent rescue and 
rejuvenation. The District Development Fund (DDF), under the Ministry of 
Transport, Communications and Infrastructural Development (MoTCID), has 
been leading the drilling of boreholes and a piped water scheme, while the devel-
opment of toilets and shallow wells is being managed by the Ministry of Health 
and Child Welfare (MoHCW). The Ministry of Local Government, Public Works 
and National Housing (MoLGPW&NH), through the district councils, is respon-
sible for rural development. This has led to confusion on who is in charge, with 
the Ministry of Environment, Water and Climate (MoEnvWC) largely left out of 
local initiatives. In addition, responsibilities for rural sanitation and hygiene have 
not been clear because several ministries are involved. 

  Borehole drilling has not been the sole responsibility of any agency and no 
 government department claims sole authority over it. The DDF and the Zimbabwe 

     Table 4.3    Modifi ed wastewater production scheme for medium- and low-density residential areas 
of Harare   

 Wastewater source 

 Medium- 
density 
areas 

 Low- 
density 
areas  Actions required to reduce wastewater 

production  L/cap/d  L/cap/d 

 Bath  50  50  Reduce larger water heater sizes to 50 L 
 WC  50  50  Replace larger size cisterns with 5/10 

cisterns: 5 L for fl ushing urine and 10 L 
for fl ushing faeces (or smaller) 

 Laundry  8  11  Laundry once a week. 25 L for washing 
and 25 L for rinsing 

 Kitchen  9  13  Based on three washings (dishes or 
hands) and cooking routines using a 
double-bowl sink of 15 L/bowl. Seven 
and 10 people per household for low- 
and medium- density respectively 

 Other  12  12  10 % contingencies to cater for leakages 
and incidental washings 

 Total  129  137 
 Target fi gure  135  150  Amount to be targeted in wastewater 

reduction efforts 
 Current fi gures  210  315  Source: JICA ( 1997 ) 
 % reduction in 
consumption that can be 
reached with the actions 
described 

 36  52 

  Cost savings, USD/
household/year  

  162    227  
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National Water Authority (ZINWA), for example, have always drilled boreholes 
on a service provider basis. However, the sector recognises the current limited 
capacity within government departments to provide drilling services, and thus 
encourages the participation of the private sector. Responsibilities for fi nancing, 
coordinating, drilling, and maintenance therefore need review and clarifi cation.  

•    Economic situation  – Over the last decade the public sector budgetary allocation 
to the rural WASH sector has been on the decline, largely due to the economic 
challenges facing the country after the debilitating economic sanctions imposed 
by mainly western donors since 2002. In particular, budgets for rural WASH 
since 2002 have declined to negligible amounts, with several NGOs largely 
 taking up the responsibilities. The Ministry of Health’s budget for environmental 
health development has largely been inadequate for its responsibilities. The 
Rural Capital Development Fund (RCDF), established under MoTCID’s 
Department of Infrastructure Development, was the main instrument through 
which the National Rural Water Supply and Sanitation Programme was fi nanced 
from Treasury. These allocations have never been adequate given the increased 
demand and nationwide need for water and sanitation services. The RCDF does 
not fund MoHCW for key promotion, control, and hygiene education functions. 
A national fi nancing strategy for the RWSS sector, which takes into account the 
current fi nancial resource base and implementation capacities at all levels, is 
essential to mobilise resources. 
  It is estimated that more than 65 % of water points in rural areas are non- 
functional at any given time, owing to the many challenges bedevilling the exist-
ing DDF-led three-tier maintenance system (Gwinji  2010 ). In response to this 
challenge, NAC adopted (though with some challenges) the Community Based 
Management System (CBM), aimed at empowering communities to operate and 
maintain their water facilities with limited outside support. The main impact of 
the economic situation, however, is that government agencies are massively 
under-resourced to undertake needed functions in the RWSS sector. To compound 
the situation there is high staff turnover and shortages of vehicles, equipment, 
and communication material to support operational activities. Conditions of 
service have declined, staff loss and rates of turnover have been high, together 
with inadequate budgets for specialised expertise, training, and operational 
activities. It will take time for Zimbabwe to recover economically using its own 
resources. Therefore the reengagement of the donor community to complement 
government efforts to rebuild the sector has become a priority.  

•    Defi ciencies in public action at the national level –  There was no national policy 
in place until March 2013 when a new National Water Policy was launched. A 
national Sanitation and Hygiene Strategy was also developed and launched in 
2011, but the offi cial document was only released and circulated in early 2013. 
To better coordinate government and donors, a national investment framework is 
required for specifi c sectors. In 2012 the government, with assistance from the 
World Bank, has been developing a national water sector investment framework 
and, as it is not sector-specifi c, it is likely to reduce the focus on specifi c sectors 
like rural WASH.    
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 From the foregoing, there is the major issue of resilience that should be addressed: 
due to unfavorable economic conditions the system has collapsed and it is failing to 
recover from the shock. There is therefore a need to increase resilience (or decrease 
vulnerability), such as increasing revenues from water users (to become more 
 independent from donors) and use of appropriate technologies. Technologies imple-
mented should be screened for appropriateness and those who use them should be 
trained as necessary. Water and sanitation coverage continues to decline, rendering 
the meeting of MDG targets a challenge to the sector (WHO/UNICEF  2013 ). Under 
the current situation, the Zimbabwe Government provides rural water supply 
 services with limited community participation and ownership. A sustainable option 
that encourages community-managed rural water services development, with user 
communities contributing to capital development and operation and maintenance 
costs, could be adopted. Of priority in the sector is the rehabilitation of all non- 
functional infrastructure, establishing a sustainable community-managed operation 
and maintenance system and implementing community participatory approaches to 
hygiene and sanitation improvement. A tremendous and immediate turn-around in 
sector investment and performance is a priority if sector MDGs targets of 100 % for 
water supply and 80 % for safe sanitation are to be achieved. The government needs 
to create a favourable environment for private sector participation and direct foreign 
investment. This, among others, involves fostering confi dence and certainty on 
 tariffs, ownership, and profi t remittances. 

 Following the cholera outbreak, NGOs and the donor community (e.g., EU, DFID, 
USAID, AusAid, SIDA, CIDA, ECHO, GIZ) have played a crucial role in the recovery 
of rural water supply and sanitation in Zimbabwe. These have continued to provide 
infrastructure, and have also enabled communities to manage their own water infra-
structure under the Community Based Management Programme. Organisations 
such as World Vision, Practical Action, and PumpAid have done a lot of work in this 
area. For example, PumpAid (  http://pumpaid.org    ) introduced a simple water 
abstraction technology called the elephant pump. The technology is not as compli-
cated as the bush pump which needs a specially trained person to maintain and 
repair. The majority of villagers can be trained in its maintenance, although there 
are questions on its life span. Also notable is the fi nancial assistance provided by 
organisations such as the EU and DfID under the Protracted Relief Programme.  

3.5     Urban Domestic Water Supply and Sanitation 
Challenges in Zimbabwe 

 One of the major challenges in urban water supply in Zimbabwe is the current high 
levels of water consumption for domestic purposes. Current life styles can result in 
an enormous thirst for both energy and water, with the high usage directly related to 
the type of water installation in the home. The use of large water heaters (or gey-
sers), jacuzzis, and large cisterns needs revisiting. In Zimbabwe water use varies 
from 80 to about 600 L/cap/d for poor to affl uent residents, respectively (JICA 
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 1997 , Nhapi and Gijzen  2004 ). However, under the post-2008 water rationing 
regime, demand has generally been reduced to about 20 to 100 L/cap/d (Chisango 
 2012 ). A high water demand results in the generation of large volumes of wastewater 
which requires treatment, and the capital and running costs for wastewater treatment 
plants are directly related to the volume treated. Thus the generation of huge 
volumes of wastewater has a direct bearing on the cost of treatment. High volumes 
of dilute wastewater also reduce options for wastewater treatment, making tech-
nologies such as anaerobic treatment unattractive. 

 A combination of end-use effi ciency, system effi ciency, stormwater harvesting, 
storage innovations, and reuse strategies would greatly reduce current municipal 
water demand. The estimated proportion of household water demand required for 
potable uses (drinking and cooking) is only 5–8 %, whereas 25–38 % is used for 
toilet fl ushing in Harare (Fig.  4.11 ). Greywater constitutes about 56 % of water used 
in all housing categories. The high water consumption for bathing and toilet  fl ushing 
can be explained by the sort of water systems installed in homes. A large reduction 
in consumption is possible if water saving measures and devices were to be used. 
Education and community awareness campaigns could greatly reduce water 
 consumption as reported in Bulawayo, Zimbabwe’s second largest city, where 
reductions of more than 50 % were reported (BCC  2002 ). Water-saving devices are 
useful for water conservation in Zimbabwe and these include specifi c types of 
showerheads (3–5 L/min), smaller or dual-fl ush cisterns (6 or 3 L/fl ush), specialised 
toilet pans, and low water-usage faucets (2 L/min) (Chaplin  1998 ). In low-density 
areas, bore water could be used for supplementing municipal supplies. However, 
this alternative needs further investigation because extracting ground water can have 
negative ecological or other effects. More effi cient methods and devices for water-
ing gardens can also be used, e.g. drip irrigation, depending on cost. The possible 
methods and their wastewater volume reduction potentials are given in Table  4.3 .  

 Table  4.3  shows that a reduction in wastewater production is feasible without 
greatly compromising present comfort, convenience, dignity, or quality of life. The 
high wastewater volumes produced in medium and low-density areas are a direct 
result of installed systems in homes. For example, water heaters (geysers) in most 
affl uent homes are as large as 200 L and there is a tendency to empty the geyser each 
time a person takes a bath (Nhapi  2004 ). A 50-litre geyser will still be adequate. 
Most of the toilet cisterns being sold in Zimbabwe have capacities of around 15 L 

  Fig. 4.11    Household water use and wastewater production in Harare (Source: Nhapi et al.  2002 ). 
Figures below each pie chart relate to wastewater production, not water consumption       
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with no provision for separately controlling fl ushing volumes for urine or faeces, 
although the fl ushing of each requires different water volumes. A ‘3/6’ cistern is 
used in Australia and other countries (Chaplin  1998 ), with the 3 L button used for 
fl ushing urine and the 6 L for fl ushing faeces. Because of different development 
densities, a ‘5/10’ cistern will still do for Zimbabwe and would realise substantial 
savings. There is a tendency for housemaids to do laundry more frequently, and 
washing could be reduced to once per week without inconvenience so that water 
usage could be reduced. In kitchens, double-bowl sinks of 15 L each could replace 
washing under a running tap. 

 Applying the above-mentioned changes and adding a 10 % contingency level for 
leaks and other incidental washings show that it would be feasible to reduce 
 wastewater production from the current 210 L/cap/d to about 135 L/cap/d (a 36 % 
reduction) for medium-density residential areas. For low-density, the reduction 
would be from 315 L/cap/d to 150 L/cap/d, implying a 52 % reduction in wastewa-
ter production. It is therefore concluded that reduction of wastewater production is 
technically feasible in Harare. The cost savings per household per year based on the 
average cost of treated water of USD0.5/m 3  are USD162 for medium and USD227 
for low density areas. Some of the measures described here for households could 
also be applied for commerce and industry. 

 The reuse of wastewater, especially greywater from laundry, kitchen, and bath-
ing, and the harvesting of rainwater could potentially reduce water consumption by 
more than 50 % (Chaplin  1998 ). Rainwater harvesting is a possible substitute to a 
treated water supply. With an annual rainfall of 830 mm/annum in Harare (ZINWA 
records), and assuming 50 % losses, about 0.4 m 3 /m 2 /year could be collected. For an 
average built housing area of 120–300 m 2 , this means 4–17 m 3 /cap/year (depending 
on the housing category, water consumption is 30–230 m 3 /cap/year). In certain parts 
of Hawaii, the Virgin Islands, Australia, and Texas, rainwater collection systems 
provide the entire water supply for many homes (Chaplin  1998 ). Progressively high 
water tariffs could also be used as a demand management tool since almost all prop-
erties in Zimbabwean towns have water meters. An increasing block tariff structure 
applies punitively high charges for high water consumption.  

3.6     Water Tariffs and Funding of Urban WSS in Zimbabwe 

3.6.1     Water and Sewerage Tariffs 

 In 2011, the Government of Zimbabwe, with assistance from the World Bank, 
 commissioned a study on water and sewerage tariffs. The study, among others, 
aimed at developing a methodology for establishing cost recovery tariff levels and 
an appropriate tariff and subsidy structure to simultaneously meet a number of 
national objectives and to develop fi nancial tariff models for each of the selected 
seven municipalities (Harare, Bulawayo, Chitungwiza, Mutare, Kwekwe, Masvingo, 
and Chegutu). The study also looked at options for an institutional regulatory 
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framework to manage the tariff review process, monitor and benchmark  performance, 
and provide incentives for continuous performance improvement. Only two of the 
seven municipalities, Mutare and Kwekwe, were more-or-less meeting the demand 
for potable water. The main problems faced by water and sewerage (W&S) depart-
ments were high population growth, high losses (technical and commercial), a high 
fraction of non-functioning meters, and low recovery ratios on billed water (World 
Bank  2011 ). People without adequate municipal supplies of water were surviving 
through access to boreholes (using hand pumps in the high density areas), shallow 
wells, surface water, and water purchased from unlicensed vendors. 

 The state of the infrastructure in each town varies, but one of the common prob-
lems is lack of functioning meters. People getting water are using more than the 
volume they are metered and charged for. People not getting water are unwilling to 
pay monthly fi xed charges (Ndebele  2012 ). On the sewerage side, nearly all of the 
biological nutrient removal (BNR) plants are not working. The ponds are still 
 working, but overall there is a high degree of pollution of streams due to spillage 
from sewers, failure of sewage pumping stations, discharge of raw/partially treated 
sewage from treatment works, and failure of effl uent pumps (Dlamini  2012 ). 
Pollution has had the most impact in Harare and Chitungwiza, where the sewage 
discharge is upstream of water intakes (   Kibena et al.  2013 ). 

 The fi nancial position of W&S departments is generally precarious due to the 
following factors (World Bank  2011 ; Ndebele  2012 ):

•    Collection effi ciency is low at about 30–60 % (customers are unwilling to pay 
when service is poor).  

•   Non-revenue water (NRW) is extremely high at about 40–60 % (leaking old 
pipes and lack of working meters, as already noted, contribute in a big way).  

•   Spending on essential fi xed costs is low (salaries, repairs and maintenance, 
capital).  

•   Transfer of funds from the water account to other municipal uses, such as social 
services (schools, clinics, amenities), is signifi cant (Harare is an exception).    

 The municipalities expect to make signifi cant improvements in service delivery 
and revenue generation in the next couple of years. Cumulative benefi ts are expected 
as non-revenue water declines, access to water improves, and willingness to pay 
increases. The resulting downward pressure on tariffs is offset by the need to 
increase infrastructure spending (maintenance, rehabilitation, and investment). 
Zimbabwe’s urban areas have some of the lowest cost of treated water in the region 
(the lowest being USD0.05/m 3  in Mutare). Tariffs are also very low by regional 
standards (van den Berg and Danilenko,  2011 ).  

3.6.2     Setting of Water Tariffs in Zimbabwe 

 Setting of urban water tariffs in Zimbabwe is premised on a number of legal 
 instruments, Acts of Parliament, subsidiary legislation or regulations in place, and 
directives from respective Ministers for Water and Local Government. Section 8 of 
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the ZINWA Act (Chapter 20:25) allocates the function of water pricing to the 
Authority (GoZ  1998a ). It also allocates the particular function of encouraging and 
assisting local authorities to discharge their obligations with regard to the develop-
ment and management of water resources in areas under their jurisdiction – in 
 particular, the provision of potable water and the disposal of wastewater. Section 30 
of the ZINWA Act sets water and other charges. ZINWA is empowered to fi x charges 
for the sale of raw or treated water from waterworks operated or controlled by the 
Authority. The charges by ZINWA must be approved by the Minister of Water after 
considering various factors. There is no reference to consultations with users of 
water, or setting water costs according to full cost recovery for the dams from which 
the water is extracted. There is no consideration at this level as to the ultimate cost 
of water for the users, especially the urban vulnerable groups. 

 The Water Act (Chapter 20:24), Section 6, under the General Functions of the 
Minister, states that it “shall be the duty of the Minister of Water Resources to 
secure the provision of affordable water to consumers in under-privileged commu-
nities” (GoZ  1998b ). Under the Urban Councils Act (as amended 2008), (Chapter 
29:15, Part XIII), the powers of the council in relation to water include entering into 
agreements for the purchase and sale of water (   GoZ  2008 ). It is not clear whether 
there is any agreement between the urban councils and ZINWA on the pricing of 
raw water and the method of calculating the price of water to consumers in order to 
satisfy the legal requirements of the Minister of Water Resources to meet the provi-
sion of affordable water to consumers in under-privileged communities (World 
Bank  2011 ). 

 The post-independence Urban Councils Act has progressively been altered, in 
part to deal with challenges from ineffi cient and increasingly ineffective urban 
councils, as well as with their reduced accountability/transparency. In short,  councils 
have over time been perceived as not representing the interests of their electors. The 
Minister has increased his oversight powers to intervene. These changes have 
 usually been promulgated as regulations and not amendments to the Act, using 
especially Part XXI of the Act under “General” (World Bank  2011 ). There are pro-
visions that could inadvertently undermine the powers and duties of councils 
through many open powers being delegated to the Minister of Local Government. 
The Minister, for political or other reasons, may scale down justifi able tariffs 
through cost recovery objectives, thereby undermining service delivery, mainte-
nance, and water production capacity. 

 The Urban Councils Act does not mention systems for fi xing water tariffs. 
Municipal councils are required to balance their budgets with the general consent of 
their residents. However, since independence a number of regulations and directives 
by successive Ministers of Local Government have defi ned priority areas for high 
density areas on issues of affordability, especially the minimum charge (World 
Bank  2011 ). For example, in April 2011 the Minister of Local Government, with the 
concurrence of the Minister of Water Resources, slashed the price of water for 
Harare (World Bank  2011 ). Harare’s high-density fi xed charge was reduced by the 
Minister’s directive from USD7 to USD5 and for low density from USD13 to 
USD11. This was done after the City budget had been approved and 3 months into 
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the fi nancial year. There is presently no independent regulator to whom both the 
municipal council and the Minister can refer any contentious issues.  

3.6.3     Affordability 

 In recent years, there have been few studies on household income and expenditure. 
One exception is the Zimbabwe Vulnerability Assessment Committee (ZimVAC) 
report of April 2011, the Urban Livelihoods Assessment Report. This is based on 
studies of vulnerable households in a sample of urban areas which is shown in 
Table  4.4 , which also gives the expenditure on water as a proportion of income. The 
average household expenditure on water and sanitation is 5.2 % of monthly house-
hold income. If the reference point is that expenditure on water by vulnerable 
households should be less than 5 % of their income (Franceys et al.  1992 ) then there 
were, in 2011, four towns in which this affordability threshold is breached (Harare, 
Bulawayo, Chitungwiza, and Mutare). When expenditure is higher than affordabil-
ity, payment for services becomes an issue.

   Reasons for the high cost of water and sanitation can be attributed to ineffi cien-
cies and losses in the treatment and distribution systems, as summarised in Table  4.5 . 
Consumers are in a way compelled to cover the costs of water which does not reach 
them or is not metered. In Table  4.5 , the fi rst panel has estimated demographic 
information. The results of the 2012 Zimbabwe national census were released as 
preliminary results in December 2012 but these have been disputed by almost all 
councils according to media reports. The next panel records the number of connec-
tions, the number of staff, current water treatment works (WTW) capacity, and 
 current production. Only in Mutare is WTW capacity fully utilised at present (in 
fact over-utilised, 70 ML/d being produced from a plant with nameplate capacity of 
64 ML/d). The amount of water that Chitungwiza purchases from Harare is uncer-
tain because it is not metered. The city is charged for 27 ML/d, but the indications 
are that the volume is larger.

   Table 4.4    Affordability of water and sanitation in selected towns of Zimbabwe. (Source: World 
Bank  2011 )   

 Town 
 Average household 
income, USD/month 

 Household expenditure 
on water and sanitation, 
USD/month 

 Household expenditure on 
water and sanitation, % of 
monthly income 

 Harare  457  26.10  5.5 
 Bulawayo  311  19.86  6.4 
 Chitungwiza  475  26.10  5.5 

 Mutare  293  17.35  5.9 
 KweKwe  359  17.53  4.9 
 Masvingo  331  12.08  3.6 
 Chegutu  308  13.37  4.3 
  Average    362    18.91    5.2  
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   Water losses are high in all the towns covered, ranging from 30 % in Chitungwiza 
to 57 % in Harare, but there seems to be considerable uncertainty about the accuracy 
of the fi gures kept by councils (World Bank  2011 ; Ndebele  2012 ). The cost of losses 
reported in Table  4.5  represents the revenue lost when supplying treated water that 
never gets sold, compared to benchmark losses of 20 % – the fi gure for Harare is 
USD35 million per year. The costs are incurred whether the water is sold or not – 
the opportunity cost that is involved in non-revenue water is the effective tariff, 
which takes the collection ratio into account (actual collected revenue divided by 
billed volume), multiplied by the excess losses (difference between actual losses 
and the benchmark level of 20 %). 

 The next panel deals with present levels of supply of piped water and of con-
sumption of water (piped plus self-supply water). Only Mutare and Kwekwe supply 
between two-thirds and three-quarters of unconstrained demand with piped water 
(Table  4.5 ). The lowest performer is Chitungwiza, which only supplies 15 % of 
unconstrained demand, which is itself based on a lower assumed consumption per 
capita than other councils. Self-supply is thought to be important in Harare, 
Bulawayo, Chitungwiza, and Chegutu, with the actual values on a ML/d basis being 
as shown in the table. The relative contribution of self-supply is highest in Chegutu 
(12 %) and Chitungwiza (9 %). Total consumption of water is closest to uncon-
strained demand in Mutare (80 %) and Kwekwe (66 %). The unconstrained fi gure 
for Harare is high because it includes provision for bulk sales to Norton and 
Chitungwiza as well as a large industrial demand.   

3.7     Institutional Structure and Coordination Mechanisms 

 The cholera outbreak of 2008/09 exposed the bottlenecks in the institutional system 
in Zimbabwe, and both donors and the government realised the need for better 
 coordination and accountability in the sector. A ministerial meeting was therefore 
organised. The Nyanga Ministerial Retreat held in February 2010 was attended by 
ministers and senior government offi cials from the key ministries involved in the 
WASH sector. The following are the major outcomes from the Nyanga Retreat:

•    Development of a common understanding of issues affecting the WASH sector 
in Zimbabwe  

•   Development of a comprehensive framework clearly showing leadership, 
 sub- sectoral roles and responsibilities, and key coordination and fi nancing mech-
anisms for the sector  

•   Identifi cation of interventions for sector recovery, including development of 
policy, legislation, institutional development, and capacity building, and  

•   Agreement on important follow-up steps, including relevant interventions, 
timeframes, and responsibilities.    

 The institutional structure for the water sector in Zimbabwe, after extensive 
discussions, was subsequently changed – see Fig.  4.12 . The Government of 
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Zimbabwe agreed to consolidate the water sector from June 2010 through a National 
Action Committee on water, looking at all aspects of water in both rural and urban 
areas as well as water resources management issues. The Government decided to 
transform and enhance the old National Action Committee on rural water supply 
and sanitation which had hitherto focused on rural areas only. The new NAC has 
three sub- committees, each looking at specifi c issues: 

    I.    Rural Water Supply and Sanitation Sub-Committee,   
   II.    Urban Water Supply and Sanitation Sub-Committee, and   
   III.    Water Resources Management Sub-Committee.    

  The outcomes of the Nyanga retreat have far-reaching implications for the recov-
ery of the WASH sector. Sector steering will now be the responsibility of the Cabinet 
Steering Committee for Water and Sanitation chaired by the Minister of Environment, 
Water and Climate (MoEnvWC). Included in this Cabinet Steering Committee are 
Ministers for Agriculture, Health and Child Welfare, Transport Communications 
and Infrastructure Development, Energy, and Local Government. The national 
coordination and management of the sector will now be through a National Action 
Committee for water and sanitation chaired by the Permanent Secretary for the 
 ministry responsible for water. Members of this committee are Permanent Secretaries 
for the Ministries of: Health and Child Welfare, Transport Communication and 

  Fig. 4.12    Zimbabwe water sector institutional structure as established in June 2010 (Updated 
from AMCOW  2010    )       
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Infrastructure Development; Agriculture, Local Government; Women Affairs 
Gender and Community Development; Energy; and Finance. Each Permanent 
Secretary can nominate an alternate whose level shall not be below that of a Director. 
The new NAC is required to work closely with the Donor Coordination Group and 
the WASH cluster.   

4     Conclusions 

 Rapid population growth and urbanisation are key drivers in water supply and 
 sanitation in developing countries. These have resulted in pressures in the provision 
of key rural and urban infrastructure such as housing, safe water supplies, and 
 adequate sanitation. In some cases, these pressures have resulted in the mushroom-
ing of slum settlements and the prevalence of waterborne diseases such as cholera, 
dysentery, typhoid, and diarrhoea, among others. The impact of poor water supply 
and sanitation services could potentially affect other key development indicators 
since many lives and livelihoods are affected. The problem in most developing 
countries is that they lack the fi nancial muscle to deal with a myriad of problems 
facing them, meaning they cannot reach the targets of the Millennium Development 
Goals. In this context, urban water supply and sanitation should aim for reduced 
water usage to cut conveyancing and treatment costs and to widen management 
choices. Rural sanitation is not being given the attention it deserves, and particular 
attention needs to be paid to coordination, appropriate technology, and fi nancing 
mechanisms. 

 In this analysis, Zimbabwe has been used as a case study to show the key 
 challenges in water supply and sanitation in developing countries. The challenges 
include lack of investment in the water and sanitation sector, inappropriate 
 technologies, ill-defi ned institutional frameworks, capacity limitations, and neglect 
of rural infrastructure. These challenges should be factored in at the planning and 
organisation of the sector to ensure a win–win situation under various environmen-
tal and economic situations. This calls for innovative thinking, judicious choice of 
technologies, robust institutional structures, a responsive legal framework, and 
political will. Poor water supply and sanitation in Zimbabwe is typifi ed by the chol-
era outbreak of 2008/09 which killed nearly 4,300 out of the 99,000 that were 
affected. The cholera epidemic caught the attention of the international community 
and attracted donor funding. Responses included a review of the policy environ-
ment, appropriateness of the institutional structure, accountability, and choices of 
technologies. The emphasis now is shifting to appropriate technologies centred on 
waterless toilets and natural sewage treatment systems. For water supply, the focus 
is now on demand management, reduction of unaccounted-for water, and innovative 
methods for enhancing revenue collection. Two important lessons for other 
 developing countries are that the water sector must be streamlined to give effi cient 
service delivery at all times, and that the technologies chosen should be robust, 
resilient, and appropriate for the situation.     
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    Chapter 5   
 The Challenges of Providing Water 
and Sanitation to Urban Slum Settlements 
in South Africa 

             Ephias     M.     Makaudze      and     Gregory     M.     Gelles   

1            Introduction 

 Like many other developing countries, South Africa has committed itself to the 
United Nations Millennium Development Goals (MDG) of 8 goals and 18 targets. 
One of the key goals is MDG 7 and Target 10 which calls to halve the proportion of 
people without sustainable access to safe drinking water and basic sanitation by 
2015. According to the South African Department of Water Affairs (DWA  2013 ), 
the country has surpassed this goal including its targets and is moving towards 
achieving 100 % water and sanitation provision to its citizens by 2014. The DWA 
also developed and implemented the Free Basic Water Policy (2000) so as to ensure 
that the poor are not denied access to water on the basis of fi nancial inability. 

 However, despite this remarkable achievement, the country faces daunting chal-
lenges meeting Target 11 (MDG 7) which calls for a signifi cant improvement in the 
lives of at least 100 million slum dwellers by 2020. As acknowledged by DWA, to 
provide improved water and sanitation services to an ever-growing slum population, 
estimated as 2.2 million households (Rwida  2013 ), is indeed the greatest challenge 
facing the government. The task becomes more cumbersome due to the infl ux of 
illegal immigrants (from neighboring countries) who gravitate to slum settlements.  
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2     The Early Rise of Slum Settlements in Urban Areas 

 The major cities across South Africa continue to experience the proliferation of 
‘slum’ or ‘squatter’ settlements, predominantly on their outskirts. In Cape Town, for 
example, there are more than 300 slum settlements with a population of at least one 
million people. It is estimated that, by 2015, approximately fi ve million households 
will be living in slum settlements in South Africa (UN-Habitat  2006 ). 

 The problem of slum settlements in South Africa originated during the apartheid 
era. Beginning with the Pass Act (1977), stringent laws were introduced so as to 
curb the local movement of migrants from homelands or townships to urban centres. 
Only those gainfully employed were allowed into urban areas, and even their fami-
lies were not allowed. In 1986, following intense international lobbying and stiff 
internal political resistance, the Pass law was repealed. Following its repeal, the 
immediate effect was a drastic rise in rural-to-urban migration by millions of job- 
seekers who fl ocked to cities in search of job opportunities and better living condi-
tions. This sudden rise in urban population created greater problems for city 
authorities than anticipated. What perhaps was initially viewed by city authorities as 
a few temporary slum settlements has instead grown into large settlements com-
posed of millions of haphazardly scattered and crowded dwelling units. The dwell-
ing units are constructed and/or improvised from a collection of all sort of materials, 
including rusty corrugated iron bars, metal sheets, plastic sheets, wooden planks 
and bricks. 

 The problem associated with the growth in urban slums has illustrated a little 
known aspect of the period of white minority rule in South Africa. The policy of 
apartheid was not just about political repression and racial discrimination; it also 
involved depriving (or ill-providing) the black majority with basic services like 
water and sanitation. Following the ‘balkanisation’ of the country into townships 
and homeland territories, the responsibility for water resource management and 
water services was fragmented and scattered. No single national government agency 
was responsible for water supply and services. According to Lefebvre et al. ( 2005 ), 
water management was the responsibility of 11 departments of Water Affairs and 14 
departments of Agriculture, each having a specifi c organisational structure. Besides 
these departments, there were other institutions charged with the responsibility to 
provide water services. For instance, there were regional councils which also shoul-
dered a responsibility to provide water services on a regional basis. The councils 
consisted of representatives of local authorities and provided services like bulk 
water supply, bulk electricity supply, and sewerage works. Under such an institu-
tional arrangement it was not surprising that duplication, confl icts, disparities, and 
ineffi ciencies in water provision were common. Most of the disparities were mani-
fested in terms of a highly skewed water resource distribution between white areas 
versus townships/homelands, as the bulk of fi nancial resources were channelled 
towards development of white-dominated areas. 

 It is important to emphasise that during apartheid it was not the absence of water 
institutions per se but rather the existence of a multitude of water-related  institutions, 
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many with overlapping and confl icting missions that contributed to ineffi ciency in 
water provision. A similar conclusion is reached by the Department of Water Affairs 
and Forestry (DWA) which asserted that the proliferation of water institutions dur-
ing apartheid largely contributed to duplication of functions with no clear responsi-
bilities. There was no central department of government to coordinate the various 
water institutions and water resource management in South Africa (Nnadozie  2011 ). 
Muller ( 2000 ) provides a comprehensive review of the institutional setting of water 
supply and sanitation in South Africa under apartheid, and makes the following 
observations: (i) institutional fragmentation worsened due to the proliferation of 
autonomous and semi-autonomous government structures under policies of territo-
rial and political segregation; (ii) communities with the greatest water needs had the 
weakest institutional structures; (iii) all levels of services were characterised by low 
levels of accountability because of institutional fragmentation; and (iv) fi nancial 
inequity and economic ineffi ciency in the allocation of water and sanitation services 
increased during apartheid.  

3     An Inherited Problem 

 As a result of apartheid policies the new democratic government inherited huge 
backlogs in the provision of basic services – housing, electricity, waste disposal, 
water, and sanitation. It has been estimated that by 1993 about 16 million people 
lacked access to potable clean water and 20 million had no access to safe sanitation 
(DWA  1994    ). Faced with this problem, the new government instituted fundamental 
policy changes, as refl ected in a number of policy documents such as the White 
Paper on Water and Sanitation (1995), the Water Services Act ( 1997 ), the White 
Paper on National Water Policy for South Africa ( 1997 ), and the National Water Act 
(1998). These sweeping water policies and legislations were introduced so as to 
quickly address severe water allocation inequalities and imbalances. 

 The fi rst major policy drive started with the government’s approval of the Water 
Law Principles in 1996. These principles were constructed along the lines of the 
Dublin Principles on Water Management, and contained the following salient points 
(Earle et al.  2005 ): (i) the abolition of water rights and the discontinuation of private 
ownership of water; (ii) the establishment of an environmentally sustainable and 
economically effi cient measure of water benefi ts as a criterion for water resource 
management and allocation; (iii) provide economic instruments for the manage-
ment and control of pollution; and (iv) the benefi ciaries of water use should contrib-
ute to the cost of its establishment and maintenance. 

 Following the crafting of the Water Law Principles, two additional pieces of 
legislation were passed: the Water Services Act (Act 108 of  1997 ) and the National 
Water Act (Act 36 of 1998). The Water Services Act 1997 prescribes the legislative 
duty of municipalities as water service authorities to supply water and sanitation 
according to national norms and standards (DWA  2013 ). Hence the Water Service 
Act 1997 sets the legislative ground for water and sanitation in terms of:
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•    guaranteeing everyone the “right of access to basic water supply and basic 
sanitation”  

•   pre-setting national standards and norms for water prices  
•   providing a regulatory framework for water services institutions and water ser-

vice intermediaries  
•   establishing water boards and water service committees, making transparent 

their powers and duties, and  
•   offering fi nancial assistance/subsidies to water institutions.    

 Another important piece of legislation was the National Water Act (Act 36 of 
1998). The National Water Act 1998 sought to ensure that the country’s water 
resources are protected, used, developed, conserved, managed, and controlled in a 
sustainable and equitable manner for the benefi t of all people. The Act assigns the 
national government as the public trustee of all water resources. Because of the 
highly inequitable distribution of water due to past discriminatory laws, under the 
National Water Act the government assumed direct control, ownership, and overall 
responsibility for water resource management, including equitable distribution to 
all citizens. In 2000 the government adopted the free basic services policy encom-
passing all basic services – water supply, sanitation, solid waste collection, and 
electricity. In particular, the government instituted the popular ‘free basic water’ 
(FBW) policy. The FBW supply is defi ned as the “minimum quantity of potable 
water of 25 litres per person per day or 6 kilolitres per household per month”. In the 
case of a common stand water tap, this must be placed within 200 m of a 
household. 

 By declaring water and sanitation provision a ‘human right’ for its citizens, the 
South African government has advanced beyond many countries in Africa, as only 
a few have taken such a bold stance. This policy has been lauded internationally and 
credited as the main policy force behind South Africa’s phenomenal achievement in 
water provision within its short history of democracy. The Bill of Rights (Chapter 2 
of the Constitution of Republic of South Africa) affi rms the “democratic values of 
human dignity, equality and freedom” (Earle et al.  2005 ). Section 27 of the 
Constitution declares that everyone has the “right of access to basic services includ-
ing suffi cient food.”  

4     Water and Sanitation in Post-apartheid South Africa 

 As discussed earlier, the government has exceeded MDGs in water and sanitation 
provision. Current statistics (Statistics SA  2012 ) indicate that at least 89.5 % of the 
population in South Africa have access to clean water – a substantial increase from 
56 % in 1993. Disaggregating this fi gure, 43.3 % have piped water in their homes, 
28.6 % have access to water in their yards, 2.7 % use a neighbour’s tap, and 14.9 % 
use communal taps. For sanitation, 78.2 % have access to safe sanitation and this 
represents a signifi cant improvement from 43.4 % in 1993. Table  5.1  provides an 
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overview of government achievement in reducing water and sanitation backlogs 
across provinces. In 1993 a total of 15.9 million people were without access to water 
and 20.6 million lacked access to safe sanitation. In 2012, 2.2 million households 
were still without access to clean water, but this translates to a reduction of more 
than 80 % in water backlogs. Across most provinces (except Eastern Cape, KwaZulu 
Natal, Limpopo, and Mpumalanga) water backlogs have been reduced to less than 
10 %. There are a number of reasons for this achievement:

•     Coordinated and revitalised water institutions with strong linkages at local, pro-
vincial, and national level of governance have been developed.  

•   Public–private partnerships in water resource management have increased, 
including allocation, distribution, operations, and maintenance.  

•   An increase in national budget allocations and a policy commitment by govern-
ment to water infrastructure reconstruction and development.  

•   Enactment of supportive pro-poor water policies, particularly the free basic 
water supply policy.    

 For sanitation provisions, while 20.6 million people lacked safe sanitation in 
1993, this had been reduced to 16.4 million people (5.2 million households) by 
2012, a 20.4 % reduction (Table  5.1 ). Except for Gauteng and Western Cape, all 
other provinces are struggling to clear sanitation backlogs. Worst affected provinces 
are Eastern Cape, North West, Limpopo and KwaZulu Natal. Thus, compared to 
water, the government lags behind in sanitation provision as it is still grappling with 
signifi cant backlogs.  

5     Challenges of Water and Sanitation Provision 

 Despite the remarkable achievements in water and sanitation provision over the 
nearly two decades of democratic transition, a number of challenges still remain, 
and these are summarised in Table  5.2 . The challenges can be classifi ed into fi ve 
broad categories: governance, institutional, fi nancial, community, and water 
resources. Below we discuss these challenges.

5.1       Governance/Policy Challenges 

5.1.1     Urban Sprawl and the Proliferation of Slum Settlements 

 The proliferation of slum settlements poses the greatest challenge for many urban 
municipalities. Statistics SA ( 2012 ) estimates that approximately 14.1 % of South 
Africa’s 50 million people currently live in slum settlements located predominantly 
on the periphery of urban areas. UN-Habitat ( 2006 ) predicts that the urban popula-
tion in South Africa will grow at 5.8 % per annum. A majority of the new urbanites 
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fl ocking to cities are poor and live in insecure, squalid, and over-crowded conditions 
(Makaudze et al.  2011 ). Many municipalities have demonstrated lack of political 
will to deal with slum settlements; enforcement of bylaws and regulations to govern 
and promote orderly settlements is lacking, so the current haphazard type of settle-
ment is presently the norm. 

 The situation is worsened by a high infl ux of illegal immigrants, estimated to be 
over six million people fl ocking from neighbouring countries like Zimbabwe, 
Malawi, and Mozambique. This creates further problems for municipalities in sev-
eral ways: fi rst, informal settlements grow haphazardly, including the invasion of 
preserved land often not suitable for human settlement (e.g. fl ood-prone areas); sec-
ond, the logistics of providing water and sanitation services under such conditions 
are diffi cult to implement, monitor, and enforce; third, with a high infl ux of internal 
and external migrants moving into cities each year, it is diffi cult for municipalities 
to plan, manage, and budget for water and sanitation provision in slum settlements; 
fourth (as discussed later), most of these households are poor and cannot afford to 
pay for water services; and fi fth, many of these settlements have become enclaves 
of socio-economic problems such as HIV/AIDS, prostitution, rape, and drug-related 
crime. It is estimated that about 16.2 % of residents in slum settlements in South 

   Table 5.2    Main challenges affecting water provision in urban areas of South Africa   

 Category  Nature of challenge 

 Governance/policy  No strict enforcement of regulations 
 Inadequate by-laws/regulations 
 No will to control sprawling of slum settlements 
 Unsustainable policy 

 Institutional  Lack of human capacity 
 Conditions and age of infrastructure 
 Lack of maintenance 
 Badly designed infrastructure 
 High levels of leakage 
 Corruption 

 Financial  No revenue collection 
 Tariffs not affordable 
 Cost of supply greater than income 
 Equitable Share Grant funds less than operation and maintenance 
costs 

 Community  Excessive demand and expectation crisis 
 Culture of non-payment 
 Vandalism, theft, and illegal connections 
 Inadequate education 

 Water resources  Insuffi cient water supply 
 Drought impact 
 Pollution and deterioration of water quality 
 Threat of waterborne diseases 

  Source: Adapted from DWA ( 2013 )  
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Africa suffer from HIV/AIDS, requiring special consideration for water and 
sanitation provision (Makaudze et al.  2011 ).   

5.2     Institutional Challenges 

5.2.1     Lack of Skilled Manpower 

 Lack of skilled manpower has badly affected the ability of many urban municipali-
ties to deliver effi cient water services. In particular, the shortage of water engineers 
is critical. A research study conducted in 2005 found that on average there are cur-
rently three engineers per 100,000 people manning civil water-related works within 
cities – a drop from 20 engineers per 100,000 during apartheid. Such a ratio is too 
low to deliver, operate, and maintain water in cities in a sustainable and effi cient 
manner.  

5.2.2     Deteriorating Water Quality 

 According to household surveys conducted by Stat SA ( 2012 ), only 62.1 % of those 
surveyed rated the quality of water-related services as ‘good’ compared to 76.3 % 
in 2005. About 7.5 % of the respondents declared that their water was not safe to 
drink, 8 % indicated that their water was not clear, 8.9 % said it tasted bad, and 
11.1 % said their water was not free from bad smells. Thus overall perception is that 
water quality in urban cities has been deteriorating. The increasing child mortality 
for children under 5 years of age is evidence of deteriorating water quality in South 
Africa. The major cause of these deaths is diarrhea, which is prevalent in slum set-
tlements. Diarrhea is a symptom of an illness that can be produced by high levels of 
 E. coli  in drinking water – an indication of poor water quality.  

5.2.3     Severe Water Losses and Leakages 

 Many cities suffer severe water losses. The Water Research Commission reports 
that 36.8 % of South Africa’s municipal water is lost before it reaches customers. 
Most of the losses occur as a result of leaks and deteriorating water supply systems. 
As a result, the government incurs huge losses, estimated as 1,580 million liters of 
water each year, the equivalent of ZAR7billions in revenue. This does not augur 
well for a country like South Africa which is regarded as ‘water stressed’. Table  5.3  
shows losses based on three indicators: non-revenue water (NRW) loss, water loss, 
and infrastructure leakage index. Across all metropolitan cities, the indicators show 
signifi cant water losses. For instance, cities like Buffalo City and Nelson Mandela 
Bay record the highest losses with NRW greater than 40 %. Johannesburg has the 
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highest ILI (8.3), symptomatic of serious water leakage losses. Cape Town recorded 
the lowest scores across the three indicators. Overall, across all cities, more than 
one-third of water is lost as NRW or pure water losses and high ILIs (≈6) point to 
high leakages.

5.2.4        Aging Water Infrastructure 

 Not many water services authority have managed to maintain proper management 
of water service infrastructure, with some water infrastructure having outlived its 
life span. As a result many municipalities are experiencing frequent water service 
failures resulting from non-functionality of their regulatory plans. DWA ( 2013 ) 
reported that in 2012, 71 water-related protests occurred largely as a result of non- 
functional water infrastructure.   

5.3     Financial Challenges 

5.3.1    Huge Municipal Water Defi cits Are Unsustainable 

 At the national level, municipalities face massive water debts estimated to total 
ZAR870 billion (US$87 billion) due to non-payment for water, predominantly by 
households (Department of Cooperative Governance and Traditional Affairs  2013 ). 
This is of serious concern as it inhibits the ability of municipalities to sustain effi -
cient delivery of water and sanitation services. While high levels of poverty and 
unemployment are largely to blame, as they render many people unable to afford 
water, weak revenue collection systems by municipalities has also contributed to the 
problem. 

   Table 5.3    Percentage of NRW and water losses across major metro cities   

 Metro area  NRW (%)  Water losses (%)  ILI a  

 Johannesburg  37.8  36.5  8.3 
 Tshwane  23.8  22.9  5.6 
 Ekurhuleni  40.8  31.8  5.0 
 eThekwini  35.6  35.3  6.8 
 Cape Town  20.7  15.2  2.1 
 Nelson Mandela Bay  43.1  32.4  4.4 
 Buffalo City  47.7  28.9  3.5 
 Mangaung  39.5  35.7  6.0 
  Average    33.7    29.7    5.7  

  Source: DWA ( 2013 ) 
  a Infrastructure Leakage Index ( ILI ) – values range from 1 (best practice), to 10 (implying high 
leakages and bad practice)  
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 At the municipal level, although the free basic water policy is mainly aimed at 
benefi ting poor households, the poor have not always been the primary benefi cia-
ries. The policy has entailed huge costs, estimated at ZAR1.5 billion or 0.15 % of 
GDP. The defi cit is projected to increase further to 0.25 % of GDP by 2015. The 
policy has largely been fi nanced either through subsidies from the national govern-
ment via such sources as the Equitable Share grant, Municipal Infrastructure grant 
(MIG), or through cross-subsidies from other users or local taxes. 

 A fragmented institutional service delivery approach has also contributed to inef-
fi ciencies in water provision, resulting in waste of resources. For instance, respon-
sibilities for water services have been delegated to a number of government 
departments such as DWA, Department of Human Settlement, and the Water 
Services Authorities. From statistics provided by DWA ( 1994 ), out of 169 service 
providers, 29 provide free basic water to all their residents, 136 to some, and 4 (very 
small municipalities) to none. 

 This highlights three related issues. First, unless there is careful planning and 
implementation of the free basic water policy, the policy can actually be a source of 
inequality across municipalities, with some delivering and others not. Second, it can 
be argued that free basic water largely benefi ts the people who can afford to pay for 
it. This follows the widespread sentiment that the free basic water policy has been 
implemented more successfully in wealthier municipalities than poor ones. Recently, 
the government suggested that it will review the implementation strategy for free 
basic water and possibly revisit the need for developing registers of poor users, with 
the overall thrust being to improve subsidy-targeting. Third, the salient issue of 
treating water and sanitation as a basic human right has also introduced its own 
challenges. In essence, this has transformed water and sanitation into highly politi-
cised commodities. 

 The number of cases of water-related confl icts between residents and municipali-
ties ending up as Constitutional Court hearings is increasing. A few illustrative 
examples have been the Gauteng Constitutional Court case between Johannesburg 
Water versus Phiri residents (2008) who resisted the installation of prepaid water 
meters (referred to as the Mazumbuko case); the case of City of Cape Town versus 
Makhaza slum settlements, with residents resisting an “open toilets saga” (2009); 
and the recent “feces or toilet war” (a war cry in 2013 against the bucket toilet sys-
tem in Cape Town). The “toilet war” is not only whether or not sanitation is pro-
vided but also about the standard of provision (Penner  2010 ). Residents voice strong 
preference for “fl ush toilets”, which in their views, imbues dignity and respect and 
seen as being at par with counterparts in formal settlements. With water and sanita-
tion being transformed into highly sensitive politicised commodities, many munici-
palities have found themselves in a diffi cult fi nancial situation as they are not only 
unable, but also afraid to implement effective cost recovery strategies lest they face 
unpopular uprising and unrest by local residents.   
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5.4     Community Challenges 

5.4.1    Pervasive Culture of Non-payment for Water Services 

 A more complex problem is that there exists a culture of non-payment for basic 
services including water and sanitation. In this regard Indigent policy sends a wrong 
signal. Although the policy is morally and socially justifi ed (as it addresses equity 
and poverty concerns for poor households), it perpetuates the ‘free lunch’ mentality 
that makes provision of basic services unsustainable. To explain non-payment of 
services, McDonald and Pape ( 2002 ) offered two explanations: fi rst a ‘culture of 
non-payment’ and second the issue of ‘non-affordability’. 

 Historically, during apartheid, people (especially blacks) boycotted payment for 
services on political grounds. Unfortunately, this culture of non-payment persists, 
even under the new democratic dispensation. Several arguments have been advanced 
to explain this behaviour: some argue that, as enshrined in the Bill of Rights (1996, 
s27.1.b), citizens have every right to continue receiving free services; others argue 
that it is a ‘crisis of expectation’ as people become increasingly frustrated with cor-
ruption within the public sector and the government’s failure to deliver on provision 
of key basic services, water and sanitation in particular. For instance, the fact that 
20 % of households still use the bucket system of sanitation two decades after 
democracy began underlies a deep problem. 

 The second explanation relating to non-payment for service is simply the issue 
of non-affordability. A signifi cant proportion of households living in slum settle-
ments cannot, because of high levels of poverty, afford to pay for municipal ser-
vices. Close to two-thirds of households living in slum settlements survive on 
incomes of less than ZAR2,000 per month and many depend on the social grant 
system. A few of the employed are burdened with other pressing fi nancial obliga-
tions (e.g. school fees, health care, funeral) and hence severely constrained in their 
ability to pay water bills.  

5.4.2    Expectation Crisis 

 The end of apartheid and the ushering in of a new democratic government in 1993 
raised high hopes among many people in South Africa, particularly blacks. Many 
expected increases in job opportunities and employment, a better quality of life, 
improved delivery on basic services (especially water, sanitation, electricity, and 
housing), political freedoms, and human rights. Two decades later, many people 
appear disillusioned and their spirits broken. For many people despair has given rise 
to anger, and anger has led to violence. Despite scoring commendable progress, 
government policies have fallen short in meeting the expectations of the general 
population. In recent years we have seen growing social protests across the entire 
country as people vent their anger and frustration against poor service delivery, 
water and sanitation included. Today, it is the provision of basic services – water 
and sanitation – that constitute the most formidable challenge to post-apartheid 
South Africa.  
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5.4.3    Theft and Vandalism 

 Acts of theft and vandalism are rife in slum settlements and these impose huge and 
often unplanned cost on maintenance of water and sanitation infrastructure by 
municipalities. For example in Cape Town, every ZAR1.00 invested in water and 
sanitation in Khayelitsha, between 10 and 20 cents goes towards repairs and replace-
ments due to theft and vandalism (Makaudze et al.  2011 ). For instance, taking the 
total budget for water and sanitation in the city of Cape Town during the 2010/2011 
fi nancial year of ZAR19.6 billion, it follows that approximately ZAR1.8 billion had 
to be expended on repairs and replacements due to theft and vandalism. If extrapo-
lated to the entire country, this runs into billions worth of water and sanitation infra-
structure lost due to theft and vandalism.   

5.5     Water Resource Challenges 

5.5.1    Unprecedented Increase in Water Demand 

 South Africa is a water-stressed country with limited freshwater resources. Otieno 
and Ochieng ( 2004 ) predict that the country is likely to experience physical water 
scarcity by 2025. Many cities in South Africa are not only experiencing an explo-
sion in population growth, but also are undergoing rapid growth in industries such 
as agriculture, manufacturing, and mining. With such a rapid expansion of the econ-
omy, the demand for water will grow. While new infrastructure for water will be 
necessary, water supply resources are limited and hence the key to sustenance of 
water resources is effective water conservation and water demand management 
strategies (including better water cost recovery strategies). Failures in water supply 
and demand management would entail huge costs that could hurt the entire 
economy.    

6     Conclusion 

 Unless improved policy measures and planning are put in place at both the national 
and local government levels to address the challenges of providing water and sanita-
tion in urban slum settlements, then South Africa could face social unrest. Already 
there are ominous signs that the country could experience violence and social pro-
tests as people vent their anger and frustration against poor service delivery – water 
and sanitation included. The xenophobic attacks (2009/10), the ‘open toilet’ saga 
(2010/11), and the current ‘feces protests’ are all evidence of swelling discontent by 
the general population against poor service delivery in urban areas. This paper has 
highlighted the challenges, and key amongst them include a continued rise in water 
and sanitation backlogs in slum settlements, poor cost-recovery systems, a 
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pervasive culture of non-payment for water services, and huge and unsustainable 
water defi cits. These challenges are hindering the ability of municipalities to pro-
vide sustainable and effi cient services. They demand urgent attention.     

   References 

   Department of Cooperative Governance and Traditional Affairs. (2013).  South Africa’s municipali-
ties owed billions of rands due non-payment for water by residents.  Mail and Guardian press 
statement.  

    Department of Water Affairs and Forestry. (1994). White paper on the  water supply and Sanitation . 
Pretoria.  

         Department of Water Affairs. (2013).  Strategic overview of the water sector in South Africa . 
Pretoria: Department of Water Affairs.  

    Earle, A., Goldin, J., & Kgomotso, P. (2005).  Domestic water provision in the democratic South 
Africa: Changes and challenges . Paper for Nordic Africa Institute’s confl icting forms of citi-
zenship program, University of Pretoria.  

   Lefebvre, M., Morardet, S., Montginoul, M., & Farolfi , S. (2005).  How to fi nance multiple use 
water systems for the rural poor? Lessons learnt from the domestic water sector in the Oliphant 
River Basin, South Africa . Paper to an international workshop on “Water poverty and social 
crisis”, Agadir.  

      Makaudze, E., du Preez, M., & Potgieter, N. (2011).  How does the HIV and AIDS epidemic in 
South Africa impact on the water, sanitation and hygiene sectors?  Pretoria: Water Research 
Commission.  

    McDonald, D. A., & Pape, J. (2002).  Cost recovery and the crisis of service delivery in South 
Africa . Cape Town: Human Science Research Council.  

   Muller, M. (2000).  Transforming water law to achieve South Africa’s development vision: A case 
study in national law . Second World Water Forum, The Hague.  

    Nnadozie, R. C. (2011). Access to adequate water in post-apartheid South African provinces: An 
overview of numerical trends.  Water SA, 37 (3), 339–347.  

    Otieno, F. A. O., & Ochieng, G. M. M. (2004). Water management tools as a means of averting a 
possible water scarcity in South Africa by the year 2025.  Water SA, 30 , 120–124.  

   Penner, B. (2010).  Flush with inequality: Sanitation in South Africa .   http://places.designobserver.
com    . Accessed 10 Dec 2013.  

     Republic of South Africa. (1997).  Water services act . Government Gazette of the Republic of 
South Africa, Cape Town, 390 (18522).  

    Rwida, U. (2013).  Mortgage default insurance: Workshop with PC: Human settlements . 
Johannesburg: National Treasury.  

      Statistics South Africa. (2012).  General household survey . Pretoria: Statistics South Africa.  
  Tshikotshi, V. (2009).  The challenges of eradicating informal settlements in South Africa by 2014: 

The case of Seraleng sustainable human settlement, Rustenburg local municipality, North West 
Province.  MSc thesis, University of Witwatersrand, Johannesburg.  

    UN-Habitat. (2006). State of the world’s cities 2006/07. Nairobi. Kenya.    

5 The Challenges of Providing Water and Sanitation to Urban Slum Settlements…

http://places.designobserver.com/
http://places.designobserver.com/


135© Springer Science+Business Media Dordrecht 2015 
Q. Grafton et al. (eds.), Understanding and Managing Urban 
Water in Transition, Global Issues in Water Policy 15, 
DOI 10.1007/978-94-017-9801-3_6

    Chapter 6   
 Integrating Water Quality into Urban Water 
Management and Planning While Addressing 
the Challenge of Water Security 

             Françoise     Bichai      and     Patrick W.M.H.     Smeets    

1            Introduction 

 Public water services, including clean water supply and sewerage services, have 
been crucial in improving public health and hygiene, and centralisation of drinking 
water supply systems has contributed to eradicating a wide range of waterborne 
diseases. However, in the face of growing demand pressures, urbanisation, and cli-
mate change, freshwater resources are becoming more scarce and supply planners 
are turning to less traditional water sources, such as treated wastewater and urban 
run-off (stormwater), sources which may pose health risks to consumers. At the 
same time, traditional surface and groundwater resources are being subject to 
increased contamination. Pollution of freshwater resources diminishes water secu-
rity, so proper treatment and recycling of polluted run-off and wastewater could 
achieve the twofold benefi t of increasing water quantity and improving water 
quality. 

 In rural and agricultural landscapes, wastewater and surface water of poor qual-
ity have long been used for low-grade applications such as crop irrigation. In the 
urban context, highly centralised systems usually provide potable quality water for 
all kinds of uses. People use 45–455 l of drinking water daily (IWA  2012 ), of which 
only 0.1–1.55 l (0.02–3.4 %) is used for drinking (Mons et al.  2007 ). However, its 
high quality also prevents any risk to health through showering or food preparation, 
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or by accidental cross-connection of a dual-pipe system. This traditional approach 
of providing water as one product of uniform quality for all purposes is only  possible 
when suffi cient water is available. With global population growth and expected full 
exploitation of water sources, the annual per capita availability of water is expected 
to drop by 30 % over the next 20 years (WBCSD  2006 ). Today over 430 million 
people live in countries considered water-stressed. Population Action International 
(PAI) projects that, by 2050, the percentage of the world’s population living in 
water-stressed countries will increase at least threefold. With less water available to 
meet consumption needs, a ‘fi t-for-purpose’ water quality approach may need to be 
introduced to the water supply sustainability culture so as to effectively harness the 
potential of alternative water sources. 

 With the introduction of alternative sources, and the delivery of fi t-for-purpose 
water quality, the level of public health safety and protection needs to be both main-
tained and demonstrated. A systematic but fl exible approach is needed to manage 
public health risks, either by framing and guiding the development of new supply 
schemes, or by assessing and validating the safety of existing schemes from con-
taminated sources. Water Safety Plans (WSPs) provide a risk management frame-
work around water intakes and supply systems. Within WSPs, questions arise such 
as the tolerable health-risk target to be achieved, the effi cacy of contaminant barri-
ers, and the effect of system failures on health. In WSPs, a semi-quantitative 
approach is taken based on experience and WSP-workers’ knowledge. However, 
with new water supply schemes, experience is lacking. Being overly conservative 
towards public health protection may increase costs and environmental impacts, or 
discourage the industry from innovating with alternative water supply schemes. 
Therefore, objective, science-based risk quantifi cation is needed to support a deci-
sion to implement any risk-management measure, with the aim, ultimately, of rais-
ing public acceptance of alternative schemes. 

 Quantitative Microbial Risk Assessment (QMRA) is a method that allows quan-
titative estimates to be made of microbial risks related to exposure of humans to 
water, either through drinking or other uses. Water-related outbreaks of illness dem-
onstrate that the risk from waterborne pathogens remains the most acute and promi-
nent risk associated with the human use of water (Hrudey and Hrudey  2004 ). 
Although novel contaminants are of increasing concern to public health authorities, 
their impact can usually be determined by water quality monitoring, whereas micro-
bial risks are a real threat to public health at contamination levels far below patho-
gen detection limits. In addition, microbial contamination of natural water sources 
can vary on timescales of just hours. This chapter focuses on controlling microbial 
risks in urban water systems. Nevertheless, the QMRA approach is transferable to 
chemical contaminants, given that there is suffi cient scientifi c data to characterise 
their health impacts. 

 In some cases QMRA can help support decisions on water supply schemes. In 
this chapter, the role of a systematic quantitative risk management approach, such 
as QMRA, is described as an important contribution to urban water security and 
water quality management. This role answers a fourfold need: (i) for technical guid-
ance in the design of alternative supply schemes; (ii) for regulation to protect public 
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health, both in traditional and alternative supply sources; (iii) for regulatory 
 frameworks and institutions to enable innovation and development; and (iv) to 
assess new risks from innovative supply schemes and compare them to traditional 
water supply or other public health risks. 

 More broadly, consideration of water quality and public health risks can point 
towards smart decisions on water supply schemes, as certain ‘green’ approaches 
may not always be effective solutions if they allow public safety to be 
compromised.  

2     Water Quality Challenges of Water Quantity Solutions 

2.1     Alternative Water Supply Sources 

 When traditional surface and groundwater resources are depleted, polluted, or insuf-
fi cient to meet increasing water demand, strategic measures on both the demand and 
supply sides are needed to achieve water security. In order to augment available 
water supplies in water-stressed areas, alternative water supply sources, as listed in 
Table  6.1  below, are often considered. Planning of such schemes must ensure there 
are no potential routes by which public safety is compromised.

   Among the alternative water sources listed in Table  6.1 , some, like rainwater and 
stormwater harvesting, are highly rainfall-dependent. Variability and uncertainty of 
rainfall patterns is one of the major challenges of climate change. Rainwater har-
vesting usually involves rain collection on clean rooftops. Stormwater is collected 
through an urban drainage system (separate from sewage collection), and is there-
fore subject to contamination by urban pollution from animals, cars, rubbish, etc. In 
certain locations, retaining stormwater in small storage facilities can have minor 
fl ood-mitigation benefi ts, and its treatment and reuse can help protect aquatic eco-
systems by reducing pollution from urban run-off and erosion due to peak fl ows. 

 During prolonged droughts, domestic wastewater, or ‘used water’, can become 
an important resource. Being less affected by rainfall, it is more reliable year-round. 
Table  6.1  distinguishes between greywater, blackwater, sewer mining, and central-
ised municipal wastewater as sources. Greywater is generally considered at the 
household level, and includes all used water except human sewage (from toilets), 
i.e. water from the shower, sink, laundry, and dishwasher. Blackwater and sewer- 
mining options rely on domestic wastewater (including human sewage) upstream 
from the municipal wastewater treatment plant. They are small to medium-scale, 
on-site (or near-site) reuse options. Blackwater can typically be reused for non- 
drinking uses in large buildings. Sewer-mining schemes can be of larger scale, and 
depend on the available fl ow to be extracted from the sewer and on the demand 
nearby, typically from municipal green space irrigation, parks, sports fi elds, or golf 
courses. On-site treatment is usually involved. Table  6.1  provides an indication, 
based on  Cryptosporidium  concentrations, of the contamination level of each 
source. 
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 Centralised municipal wastewater reuse schemes require collection of domestic 
wastewater (with some contribution from industrial discharge) and treatment at the 
municipal plant, often followed by additional advanced treatment to allow recycled 
water uses. They can supply fi t-for-purpose water to nearby irrigation or industrial 
schemes, or provide, via dual-pipe systems, recycled water for non-drinking resi-
dential use in new developments. Ultimately, advanced treatment can allow the re- 
injection of recycled water into the main water supply reticulation system. It permits 
potable reuse, either directly (as done in Windhoek, Namibia, for nearly 50 years) 
or through environmental buffers – such as surface water supply reservoirs 

      Table 6.1    Alternative water supply sources and typical intended scales and uses   

 Sources 
  Cryptosporidium  
(oocysts/L)  Scales  End uses a  

 Rainwater  0.01–0.1 (Ahmed 
et al.  2010 ) 

 Small  (household/building)   Residential non-drinking b  
 Shower c  
 Drinking d  
 Green space irrigation 

 Greywater  1 (Birks et al.  2004 )  Small  (household/building)   Residential non-drinking b  
 Blackwater  2000 (NRMMC–

EPHC–AHMC 
 2006 ) f  

 Small–medium  (building)   Residential non-drinking b  

 Sewer mining  2000 (NRMMC–
EPHC–AHMC 
 2006 ) f  

 Medium  Residential non-drinking b  
 Green space irrigation e  

 Stormwater  1.8 (NRMMC–
EPHC–NHMRC 
 2009b ) g  

 Medium  Residential non-drinking b  
 Green space irrigation e  
 Industrial/commercial 
demand 
 Fire fi ghting? 
 Potable demand 

 Treated 
municipal 
wastewater 
(centralised) 

 600 (NRMMC–
EPHC–AHMC 
 2006  h  

 Medium–large  Residential non-drinking b  
 Green space irrigation e  
 Industrial/commercial 
 Fire-fi ghting 
 Agriculture irrigation 
 Potable demand 

   a Based partly on an approach developed by the Australian water industry, described in Bichai et al. 
( 2013 ) 
  b Residential non-drinking uses include: outdoors (e.g. garden watering), toilet fl ushing, and laundry 
  c Potential application for hot water systems 
  d Potable uses occur, although not under regulated control (e.g. Australia) 
  e Including sports fi elds, golf courses 
  f Raw sewage value used in the AGWR (NRMMC-EPHC-AHMC  2006 ); the WHO Guidelines for 
Drinking Water Quality ( 2011 ) provide a range of 1–10,000 oocysts/L 
  g Based on the AGWR–Phase 2 on Stormwater Harvesting and Reuse (NRMMC-EPHC-NHMRC 
2009b) 
  h Approximate concentration in secondary treated effl uent, assuming a minimal 0.5-log removal 
from raw sewage based on the indicative AGWR values (NRMMC-EPHC-AHMC  2006 )  
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(e.g. Singapore) or aquifer storage (e.g. California or, more recently, Perth, 
Australia). Such schemes, however, still face major public reluctance in many parts 
of the world.  

2.2     Alternative Water Supply: Context and Challenges 

 The rise of the fi t-for-purpose water quality approach, which is often viewed as 
resource-effi cient and part of a ‘green’ paradigm, entails, in an urban context, a 
duplication or even multiplication of water reticulation systems, since separate 
pipes are needed to supply water of different quality. One or more alternative water 
pipes are installed next to the drinking water supply pipes. Using a centralised 
approach, the building of dual-pipe systems in new developments introduces extra 
up-front costs, while retrofi tting such a system in existing residential or commercial 
areas is generally even less cost-effi cient. Alternatively, a multitude of decentralised 
systems can be used, which involves a larger paradigm shift in water and sewerage 
infrastructure management. Decentralisation also means a lower level of control 
over public health protection and risk management related to water quality. Even 
though the effect of one decentralised system is smaller, the number of such systems 
needs to be higher in order to serve the total population, making the task effectively 
larger. To prevent increasing health risks, the level of safety of each individual sys-
tem needs to be of just as high a standard as a centralised system. In Europe, cen-
tralised water supplies are almost 100 % compliant to drinking water standards, 
whereas only about 60 % of the small supply systems comply, and microbial prob-
lems prevail (Hulsmann and Smeets  2011 ). This suggests that, overall, quality and 
risk management of multiple small, decentralised systems can become more chal-
lenging than with one large centralised system. 

 In general, the centralised approach offers an economy of scale, while small- 
scale systems are more costly. Extra pipe placement and maintenance costs can be 
balanced, to some extent, by savings on treatment due to providing a lower quality 
water, by preventing transport of water over large distances, and ultimately by 
avoiding or deferring costs of large system augmentations. Nevertheless, the actual 
production costs for drinking water are very low, even when a contaminated surface 
source is used: in Amsterdam, for instance, the life-cycle costs for water production 
are only €0.10/m 3  (Barrios et al.  2008 ), while the tariff to consumers is around 
€1.76/m 3  (VEWIN  2007 ). In addition to treatment costs, the tariff covers costs of 
distribution, water quality monitoring, institutional costs, etc., which will also be 
incurred for alternative water supply. Hence, the benefi ts of producing lower quality 
water are, in terms of overall cost, likely to remain small. When combining fi nancial 
and environmental costs and benefi ts of some dual-pipe systems, Chen and Wang 
( 2009 ) concluded that a system involving dual-pipe collection and greywater treat-
ment and reuse could only possibly reach a net benefi t value (NBV) greater than 
zero if all greywater is reused and environmental benefi ts are included in the NBV. 
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 In terms of public health, dual-pipe water distribution systems generate concern 
due to well-recognised health risks of cross-connections between the fi t-for-purpose 
pipes and the drinking water pipes, which can lead to disease outbreaks (Anonymous 
 2003 ; Storey et al.  2007 ). The costs and environmental impacts of disease outbreaks, 
or even incidental illness, generally outweigh the benefi ts of alternative supplies. In 
the Dutch example of Leidsche Rijn, over a 1-year pilot period ending in December 
1999, several dozen people fell ill due to inadvertent cross-connections in the dual- 
pipe system, a system which was intended to provide pre-treated surface water for 
household non-drinking uses only; however, intrusion of lower-quality water into 
the drinking water system occurred (Anonymous  2003 ). Since there is no shortage 
of water in the Netherlands, and economic and environmental benefi ts are marginal 
if any, this serious outcome led to a ban of large-scale dual-pipe systems. The his-
torical and contemporary challenges of the Dutch water supply industry do not 
revolve around insuffi cient water, but lie in supplying safe services from highly 
contaminated water resources. 

 In Australia, the water availability challenge is real: pressure on water resources 
is increasing in urban areas, climate variability is creating high water stress, and 
water systems need to adapt accordingly. In various arid and semi-arid countries, 
urban centers face similar conditions. To prevent or limit the serious consequences 
of water insecurity, some cities may not have the luxury of ignoring alternative sup-
ply options, but instead must initiate risk management strategies for extracting the 
most from all available water resources and produce safe water. QMRA can play an 
important role in developing effi cient risk-management frameworks for water sup-
plies facing the challenges of urban water security.   

3     QMRA for Safety Management in Urban Water Services 

3.1     What Is QMRA? 

 QMRA is a method that allows estimating the risk, in terms of probability of infec-
tion, based on two primary factors: the human dose–response parameter for a given 
pathogenic microorganism and the ingested pathogen dose from exposure to con-
taminated water. Typically, exposure to water is assessed through the drinking route, 
i.e. based on the average volume of water that people drink daily. Exposure may 
also be estimated, for example, as the volume of water accidentally ingested during 
showering or bathing, or as the volume of water that could be ingested from irri-
gated crops when eaten raw. The main equations involved in QMRA calculations 
for water safety assessment (Haas et al.  1999 ) are summarised in Table  6.2 .

   The daily pathogen dose to which humans are exposed (through various water 
uses) depends fi rstly on the volume of water used, and secondly on the water quality 
in terms of pathogen concentration. The health risk is then determined based on the 
ingested pathogen dose and the capability of the pathogen to create an infection in 
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the host’s body (usually via the gastrointestinal tract). The infection parameter 
 varies for each pathogen and each host (due to age, immunity, etc.). The daily risk 
of infection is expressed in Table  6.2  by using an exponential model to represent the 
dose–response relationship of the pathogen infecting the human body (e.g. 
 Cryptosporidium ,  Giardia ). Alternative models that are used to describe this rela-
tionship include the beta-Poisson and the hypergeometric model. Table  6.3  provides 
an indication of the infectivity of some waterborne pathogens (e.g. using  Giardia  as 
the least infectious of those listed). Table  6.3  shows that ingestion of one single 
pathogenic organism by a human is likely to create an infection. The reader is 
referred to Petterson et al. ( 2006 ) for further details on dose–response relationships 
and for an exhaustive description of QMRA calculations.

   The annual probability of infection is then calculated for a whole population 
covered by water services. Some QMRA models (e.g. Australian Guidelines for 
Water Recycling) use a deterministic approach, where each of the variables included 
in the equations of Table  6.2  is expressed as the likeliest or standard value (e.g. 
mean value, 95th percentile, etc.), and risk is calculated as a point estimate. Other 
models (e.g. the Dutch legislative model) use more complex calculations involving 
a stochastic approach, where each of the variables is described by a probability 

     Table 6.2    Main QMRA equations   

 Output variable  Equation  Input variables 

 Probability of 
infection 

  P  inf (annual)  = 1 – (1 –  R )  n     R  = daily risk of infection 
  n  = number of exposure days (365) 

 Daily risk of 
infection 

  R  = 1 – exp (− r  ×  D )   r  = infectivity parameter describing the 
host–pathogen interaction (dose–response) 
  D  = dose (number) of pathogens ingested daily 

 Daily dose   D  =  C   pathogen   ×  V   d     C   pathogen   = concentration of pathogens in the 
supplied water 
  V   d   = volume of water consumed daily (exposure) 

    Table 6.3    Risk of infection (per person per day) at an average concentration of one organism per 
volume of daily water consumption, based on the dose–response relations in the Dutch legislative 
model  QMRAspot  (Schijven et al.  2011 )   

 Original 
publication  Dose–response model  Org/223 mL 

  P   inf   
(pppd) 

  Maximum risk   a    Exponential  1  63 % 
  Campylobacter   Teunis et al.  2005   Hypergeometric  1  28 % 
  Cryptosporidium   Teunis et al. 

 2002a ,  b  
 Hypergeometric  1  14 % 

  Giardia   Teunis et al. 
 2002a ,  b  

 Exponential  1  2 % 

 Rotavirus     Teunis et al.  1996   Hypergeometric  1  27 % 

   a Maximum risk is the assumption that ingesting a single organism has 100 % probability of caus-
ing an infection. At an average concentration of one organism per volume of water. Consumed 
daily, there is a 63 % chance that one or more organisms are actually present in the consumed water  

6 Integrating Water Quality into Urban Water Management and Planning…



142

distribution function (PDF), and the output probability of infection is expressed as 
a PDF as well. 

 An extension of QMRA calculations allows translating the probability of infec-
tion ( P   inf  ) to the Disability-Adjusted Life Year (DALY) unit, which accounts for the 
severity of the consequences of an infection on a human life (burden). This proce-
dure allows waterborne infection risks to be compared, from a policy and risk man-
agement standpoint, with other environmental and health risks (WHO  2011 ).  

3.2     QMRA: The Regulatory Approach 

 The absence of an indicator microorganism (such as enterococci, fecal coliforms, or 
 E. coli ) in a routine monitoring sample (typically 100 mL) has commonly been 
interpreted and communicated as the absence of risk from consuming the supplied 
water. The traditional form of the European legislation is framed on that basis 
(European Union Drinking Water Directive  1998 ), and so is the current form of the 
Australian Drinking Water Guidelines (NHMRC–NRMMC  2011 ). Over the past 
decades, large disease outbreaks have occurred through the drinking of water in 
which there were no detectable levels of indicator organisms (Hrudey and Hrudey 
 2004 ), a fact which illustrates one of the shortcomings of the indicator concept. 
QMRA forms the basis of a scientifi cally structured approach, and emerges as an 
alternative to indicator monitoring for the regulation of water quality. 

 QMRA sets a quantitative target to describe the tolerable health risk from water 
uses within a population, and a systematic approach is taken to verify compliance 
with that target. Figure  6.1  illustrates how QMRA-based frameworks regulate water 
quality. The sequence involves (i) source characterisation to express the initial con-
centration of a selection of reference pathogens in the raw water; (ii) process perfor-
mance monitoring to calculate the capacity of the multiple-barrier treatment system 
put in place to effi ciently remove such reference pathogens; (iii) calculation of the 
resulting concentration of reference pathogens in the distributed water; and (iv) cal-
culation of the probability of infection from all reference pathogens in the fi nished 
water to demonstrate compliance with the health-risk target. The focus is on dem-
onstrating the safe use of water, from a more or less contaminated source, by achiev-
ing appropriate pathogen removal through treatment.  

 The QMRA approach as a form of regulation has been proven to effectively sup-
port water safety management and practice in the Netherlands, a country that has long 
had to rely on poor-quality surface water sources to supply drinking water to its popu-
lation. Australia is transitioning towards an increased use of the QMRA approach in 
water quality regulation, especially at the moment with the Australian Guidelines for 
Water Recycling (NRMMC-EPHC-AHMC  2006 ,  2008 ,  2009a ,  b ). Experiences and 
challenges of both of these two very contrasting countries in terms of water supply 
landscape and history are reported in Bichai and Smeets ( 2013 ). The WHO also sup-
ports the QMRA approach in its recent water quality guidelines ( 2011 ). Some coun-
tries base their water quality regulations on the same logic as the QMRA approach, 
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without requiring utilities to perform on-site source and process monitoring, and 
QMRA calculations to  demonstrate compliance with a health risk target. For example 
in the United States and Canada, regulations provide treatment performance require-
ments based on a classifi cation of source water quality (USEPA  2006 ). 

 In general, regulating water quality in water supply services effectively means 
deciding on a tolerable health risk associated with water uses and exposure in a 
serviced population, whether or not this choice is made implicitly or explicitly. The 
use of a quantitative health-based target in the QMRA approach makes this public 
health choice explicit, which therefore allows addressing the balance between 
between water safety, engineering costs, and environmental costs.  

3.3     QMRA Context and Uses to Date 

 The environment has always been a source of health risk, and managing these risks 
has been a long learning process through history. By the 1970s, it became clear that 
risks could not be absolutely eradicated, but needed to be quantifi ed and compared 
in order to fi nd a balance between the costs and benefi ts of risk mitigation measures. 
The risk from pathogenic microorganisms in water and food was recognised as 

  Fig. 6.1    How to use QMRA to validate and regulate safety of water supply       
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highly important since low levels of contamination could lead to signifi cant public 
health impacts. Between 1980 and 1990, QMRA was developed, initially focusing 
on producing reliable dose–response relationships for the very low pathogen con-
centrations expected in drinking water (Haas  1983 ; Gerba and Haas  1988 ). As rel-
evant pathogen concentrations in drinking water were far below detection limits, the 
QMRA approach was developed to model the removal of pathogens by treatment 
(Regli et al.  1991 ). QMRA was then used to set technical standards for drinking 
water production in the Surface Water Treatment Rule (SWTR) (USEPA  1991 ). 
Analogous to the chemical risk assessment, a target risk of infection of 10 −4  (prob-
ability of one infection per 10,000 people per year) was used for the SWTR to 
determine treatment requirements for  Giardia . The SWTR was gradually updated to 
include  Cryptosporidium  and enteroviruses. This approach led to extensive docu-
ments such as the LT2ESWTR Toolbox Guidance Manual (USEPA  2003 ) describ-
ing in detail how to design and operate treatment systems. 

 Since 2001, the Netherlands has adopted a different approach in its drinking 
water quality legislation. Compliance with the 10 −4  risk of infection target needs to 
be assessed by site-specifi c monitoring. Surface water utilities must sample for 
pathogenic microorganisms in the raw water, and monitor the removal of indicator 
organisms through treatment (De Roda Husman and Medema  2005 ). Risk calcula-
tions are then performed stochastically using this data (Schijven et al.  2011 ). When 
data is insuffi cient, results from pilot-scale treatment tests or knowledge from the 
literature are used. 

 The World Health Organization (WHO) fi rst mentioned the use of QMRA for 
setting health-based targets and system assessment in the 2004 Drinking Water 
Guidelines (WHO  2004 ). A risk target of 10 −6  DALY (Disability Adjusted Life 
Years) is generally applied (although there are debates around the need to adapt the 
target to local circumstances). Using the WHO reference pathogens, this DALY 
target translates to a 2.5–16 × 10 −4  risk of infection, depending on the pathogen. The 
health target can then be assessed directly (following the approach in Fig.  6.1 ), or 
translated into technical requirements. 

 Countries that formerly relied on the traditional absence of fecal indicators to 
assess water safety are now starting to implement a risk assessment approach. With 
an increasing need to use more contaminated water sources, the balance between 
risks, costs, and environmental impact is sought. Australia has formally taken the 
QMRA turn in water quality regulation with the recent Australian Guidelines for 
Water Recycling (NRMMC-EPHC-AHMC  2006 ;  2008 ;  2009a ,  b ), based on the 
deterministic QMRA approach. Health targets were set based on the 10 −6  DALY 
endpoint (as with the WHO). National guidelines in Australia are (voluntarily) 
adopted by the States, and integrated in their own regulatory framework, which has 
progressively happened in all States (Bichai and Smeets  2013 ). Health Canada has 
included the QMRA approach in recent Canadian Guidelines for Domestic 
Reclaimed Water for Use in Toilet and Urinal Flushing (Health Canada  2010 ) and 
also developed a QMRA-based tool for utilities to use freely and voluntarily (Health 
Canada  2011 ). 
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 QMRA is also applied in other water-related fi elds. The WHO guidelines for the 
safe use of wastewater and excreta in agriculture (WHO  2006 ) promote the use of 
QMRA to assess risks to farmers and crop consumers, and provide basic data and 
examples to guide quality control measures. For instance, agriculture is by far the 
most widespread form of reuse worldwide, with uncontrolled health risks in many 
developing countries where regulatory frameworks and structures are lacking. Such 
applications often involve more variables and are typically less controlled than cen-
tralised water supply systems, and standardising quality and risk assessment is a 
complex process. Recent USEPA guidelines for water reuse (USEPA  2012 ) and for 
recreational water (USEPA  2012 ) also refer to the use of QMRA to assess risks for 
various water reuse schemes. QMRA can help improve insight into the factors that 
contribute to microbial health risk in bathing water, especially in situations where 
sewage impact is not the main source of contamination. The use of QMRA in that 
context is explored in various studies (Ashbolt et al.  2010 ; Tseng and Jiang  2012 ). 

 The aforementioned QMRA applications focus on fecal contamination of water 
and exposure through ingestion. However, opportunistic pathogens can, under 
favorable conditions, grow via other routes to numbers that can cause illness. 
QMRA of  Legionella , an opportunistic pathogen that causes lung infection after 
inhalation, has recently been attempted, but lack of knowledge about exposure 
through inhalation and dose–response relationship prevent real quantitative esti-
mates (Storey et al.  2004 ; Armstrong and Haas  2008 ; Schoen and Ashbolt  2011 ; 
Thomas  2012 ; Buse et al.  2012 ). 

 In summary, QMRA has been used to gain an understanding of microbial risks 
both from conventional and new water uses. This insight is used to set health-based 
targets, to provide technical guidelines, or as a direct site-specifi c measure of com-
pliance to water quality regulation. Experience has shown the added value of QMRA 
(Bichai and Smeets  2013 ), but it has also identifi ed challenges such as gaps in sci-
entifi c knowledge and data, monitoring and analytical costs, modeling issues, and 
regulatory implementation challenges, especially for smaller water supply systems. 
Addressing such challenges can help make QMRA an effective and effi cient tool to 
manage microbial risks, from both new and traditional water sources and uses, 
while meeting urban water security challenges (Bichai and Smeets  2013 ).   

4     Using QMRA in Alternative Water Supply Planning 

4.1     The Planning and Technical Guidance Approach 

 Various water-stressed and expanding cities are experimenting with novel water 
management options to improve long-term security and sustainability of their water 
supplies. In wealthier countries especially, there is a growing focus on addressing 
environmental costs and benefi ts, as well as the livability of their cities, through 
water resources planning. The challenge of water availability is therefore leading to 
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an increasingly integrated approach to urban water management. Such models often 
provide novel planning options to deal with water quantity concerns, taking account 
of environmental and social impacts. Implicitly, water quality requirements are 
assumed to be met, or may be left undetermined. To determine water quality require-
ments while ensuring public health safety, the only systematic approach, and one 
now widely recognised by scientists and the water industry, is that based on QMRA 
(Bichai and Smeets  2013 ). 

 The QMRA planning approach requires: (i) setting a health risk target; (ii) char-
acterising human exposure (ingested water volume) to microbial hazards (reference 
pathogens) from specifi c water uses; (iii) determining the permitted concentration 
of reference pathogens at end use, based on the health risk target; (iv) characterising 
source water quality (reference pathogens concentration); and (v) calculating treat-
ment requirements to meet required quality at end use (Fig.  6.2 ). From that end 
output (treatment performance requirements), an estimate of treatment costs can be 
calculated by selecting preliminary treatment processes that meet pathogen removal 
requirements. Hence, QMRA can help in developing models that comply with inte-
grated urban water management principles, but in which crucial public health con-
cerns are also addressed by including technical water quality requirements in the 
planning and evaluation stages of supply options.   

  Fig. 6.2    How QMRA can be used to integrate water quality requirements into water supply 
planning       
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4.2     QMRA to Improve Understanding of Innovative 
Water Supply Scheme Risks 

 Potable reuse, especially from wastewater, is by far the most controversial example 
of alternative water supply. Because drinking water involves the most direct route 
for waterborne pathogens to infect humans and the highest level of exposure, health 
risk concerns are paramount when it comes to distributing recycled wastewater, 
even highly treated, through the main drinking water supply pipes. In cases of dual- 
pipe systems, which allow recycled wastewater to be distributed for non-drinking 
uses, may be too costly or bring excessive cross-connection risks, and here a viable 
option for water-scarce cities may be centralised potable reuse – if public reluctance 
can be overcome. 

 Potable reuse can be viewed as the ultimate reuse scheme, allowing large-scale 
reuse of wastewater for all uses, and being compatible with the traditional central-
ised water services approach. A long residence time of treated wastewater in soils 
prior to distribution may improve public acceptance, and potable reuse through 
aquifer recharge is becoming common in arid parts of the United States, for exam-
ple. In Singapore, augmentation of the water supply includes the dilution of highly 
treated wastewater effl uents into the main water supply reservoirs. Although such a 
scheme is innovative, it can be compared to the typical scenario of several cities in 
the world which are supplied by a surface water source that is fed by other cities’ 
wastewater discharges some distance upstream. Such traditional surface water sup-
ply can be viewed as ‘de facto’ potable reuse, albeit avoiding controversy. The case 
of Windhoek, Namibia, is the only known example today of direct potable reuse, i.e. 
where the treated wastewater is injected back into the drinking water distribution 
network without prior surface or underground storage, and has done so since 1969. 
The debate around potable reuse in water-stressed countries like Australia usually 
excludes direct potable reuse, which is less likely (than indirect reuse) to overcome 
risk perception barriers. 

 QMRA can be used as a quantitative tool to calculate the relative risks of possible 
water supply schemes. For example, QMRA can numerically assess the contribution 
from environmental barriers – which are important for public acceptance of (indi-
rect) potable reuse schemes – in reducing microbial risks. A scientifi c, systematic 
QMRA demonstration that potable reuse schemes do not introduce additional risks 
compared to a traditional surface water supply may help garner general acceptance. 
An example is provided in a recent US National Research Council report on water 
reuse (NAP  2012 ), where hypothetical but realistic scenarios were compared. Using 
typical pathogen concentrations in wastewater secondary-treated effl uents and typi-
cal removal capacity of common treatment processes, QMRA calculations showed 
that the risk associated with potable reuse, through aquifer recharge, was signifi -
cantly lower than with a traditional surface water supply scheme (NAP  2012 ). The 
example used, as a point of reference, a typical surface water supply scenario 
in which surface water, impacted by upstream effl uents (‘de facto’ reuse), was 
treated by conventional treatment (coagulation, fl occulation,  fi ltration), UV, and 
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chlorination. Following advanced wastewater treatment  (including reverse osmo-
sis and advanced oxidation) and aquifer recharge, reference pathogen concentra-
tions in the potable water recycled from wastewater were at least 7 orders of 
magnitude lower. The approach was extended to a number of chemical contami-
nants (including disinfection byproducts, hormones, pharmaceuticals, antimicrobi-
als, etc.) and showed that potable reuse systems are expected to provide barriers 
to trace organic contaminants at levels comparable to traditional surface water 
 supply systems.  

4.3     Examples of Water Quality Challenges 
in Urban Water Supply Innovation 

 QMRA can be used to evaluate the health risk of alternative water supply systems 
and compare them to conventional systems. Two examples illustrate, through sim-
plifi ed calculations, possible use of QMRA to improve understanding of alternative 
supply risks. Other examples can be found in the AGWR (NRMMC-EPHC-AHMC 
 2006 ). 

4.3.1     Example 1: Rainwater for Watering the Garden 

  Concept Description     Water from rooftops is collected through gutters and pipes 
into a storage tank. The water is used for watering the garden with a pump and spray 
hose.  

  Health Risk Assessment     Water quality assessments of roof-harvested rainwater are 
scarce and very site-specifi c. All studies clearly show some level of contamination 
for a proportion of the investigated systems. Abbott et al. ( 2007 ) found that 46 % of 
New Zealand roof harvesting systems were heavily fecally contaminated. Ahmed  
et al. ( 2011 ) showed that fecal indicator bacteria were found in 36–100 % of sys-
tems worldwide. In addition, various pathogens such as  Giardia ,  Cryptosporidium , 
 Salmonella ,  Campylobacter ,  Legionella , and  Aeromonas  were detected. This exam-
ple focuses on the risk from  Cryptosporidium , which has been detected in concen-
trations of 1–10 oocysts/100 L (Ahmed et al.  2011 ).  

 In the Australian Guidelines for Water Recycling (AGWR), ingestion of water 
while watering the garden has been estimated as 0.1 mL per event, with a yearly 
occurrence of 90 events per year (NRMMC-EPHC-AHMC  2006 ). Roughly, in a 
million garden watering events in which accidental ingestion of water occurs, only 
one leads to ingestion of an oocyst, equal to a 14 % increase in infection risk. The 
risk per event is 0.14 × 10 −6 , and with 90 events per year the annual risk is 0.13 × 10 −5  
infections per person per year, or 1.3 × 10 −8  DALY. Hence the health risk from this 
application would be considered acceptable according to international guidelines 
(10 −4  infections or 10 −6  DALY). 
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 Another route of exposure listed in the AGWR is a more extreme “accidental inges-
tion” scenario of 100 mL occurring once a year. Since the ingested volume is 1,000 
times higher and the frequency is 90 lower, the risk from accidental ingestion is about 
10 times higher than for watering the garden. The 10 −4  infection risk target might not 
be met, but the 10 −6  DALY target would not be exceeded. Such extreme accidental 
ingestion is most likely among children, since they cannot read warnings and are less 
aware of quality issues. Children are more susceptible to  Cryptosporidium  than adults. 
Assuming maximum infectivity (63 %), the risk would further increase by 4.5 times, 
to an infection risk of 6 × 10 −4 , or 0.7 × 10 −6  DALY, approaching a relevant risk. 

 This example only assesses risk from  Cryptosporidium , a fecal pathogen. 
Opportunistic pathogens such as  Legionella  may pose a greater risk as they can mul-
tiply in rainwater systems. Simmons et al. ( 2008 ) reported a  Legionella  outbreak in 
which  Legionella  strains were also found in the rainwater storage tanks. Abbott et al. 
( 2007 ) stress the need to properly design and maintain roof water collection systems 
to reduce risk, although some risk will always persist when used for drinking. Lye 
( 2009 ) provided several examples of outbreaks caused by drinking roof runoff. 

 Quantitative risk assessment shows that the risk from  Cryptosporidium  is small 
when roof-harvested rainwater is used to water the garden. The highest risk is from 
signifi cant (but infrequent) accidental ingestion, especially by children. Hence, such 
water should not be used by children. Installation of pumps to spray the water (via 
sprinklers) is undesirable due to the increased health risk, as well as the environ-
mental impact (energy use) and the ineffi cient application of water.  

4.3.2     Example 2: Greywater for Food Crop Irrigation 

  Concept Description     Greywater (from showers, sinks, laundry) is collected at the 
household level and used to irrigate garden crops that are eaten raw.  

  Health Risk Assessment     Various studies collected by Winward et al. ( 2008 ) have 
shown that greywater consistently contains indicators of fecal contamination. 
O’Toole et al. ( 2012 ) detected pathogenic bacteria and viruses in 21 % of greywa-
ters collected at homes, but presence of  Cryptosporidium  and  Giardia  was not 
tested. Birks et al. ( 2004 ) found both pathogenic protozoa in greywater collected in 
London. Clearly the level of contamination of greywater varies largely from site to 
site depending on the types of water collected and the health status of the people that 
have used it: laundry water from a family with small children is more likely to con-
tain fecal pathogens than from a household without children. Greywater often pro-
vides favorable conditions for growth of opportunistic pathogens such as  Legionella , 
 Aeromonas , and  Pseudomonas  (Winward et al.  2008 ): temperatures are relatively 
high since some of the water has been heated (shower, laundry, dishwasher) and 
there are enough nutrients for organisms to grow.  

 Actual pathogen concentrations have rarely been determined in greywater. For 
this example, a concentration of 1  Cryptosporidium  oocyst per liter is used (Birks 
et al.  2004 ). The AGWR suggest that a person could ingest 5 mL of greywater from 
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one serving of irrigated lettuce seven times per year, and 1 mL of greywater from 
other produce 50 times per year. The risk of ingesting an oocyst from lettuce is 
0.5 % per event and 0.1 % from other produce, resulting in 0.07 % and 0.014 % risk 
of infection respectively. The combined annual risk of infection is then 5.5 × 10 −2  (or 
5.8 × 10 −5  DALY), well above the health risk target. Ceasing irrigation several days 
before harvesting could reduce the risk since pathogens can potentially be inacti-
vated by the UV in sunlight. However, pathogens may be shaded by crop leaves, and 
persistent pathogens like  Cryptosporidium  could accumulate on and in the produce 
during repeated irrigation with contaminated water. When the produce is cooked, 
pathogens are inactivated; hence prohibiting the use of greywater to irrigate crops 
eaten raw may be a safer approach.    

5     Discussion 

5.1     Context of Alternative Water Supply Options 

 Worldwide, reusing wastewater for irrigation has been spontaneously done for cen-
turies (Dreschel et al.  2010 ). With the agriculture sector being the major global 
water consumer, irrigation remains a prominent use of reused water. Various post- 
irrigation measures –especially cooking – can help mitigate contamination risks 
prior to crop consumption. The major concern with water use in irrigation is when 
there is an absence of risk-management and regulatory frameworks, as is the case in 
many developing countries. In the urban context, landscape irrigation with recycled 
wastewater remains a relatively low-risk opportunity to save water in periods of 
drought while improving cities’ livability by providing community green spaces. 

 In an urban context, some countries (like the Netherlands) may not need to invest 
in alternative water supplies at all, because the challenge is not really one related to 
quantity and availability of the resource. Where water is abundant, water-recycling 
schemes involving dual-pipe distribution systems introduce unnecessary risk. 

 In other countries, the only alternative to water recycling for cities in need of 
water supply augmentation will often be seawater desalination. This may be the case 
in several cities in arid or semi-arid regions (e.g. various Middle-Eastern countries, 
Western and Southern parts of the USA, Australia) or in heavily populated islands 
and cities, like Singapore, which struggle to develop water autonomy despite abun-
dant, year-round rain because of a lack of storage capacity. In such cases of severe 
water scarcity, water recycling may be defended as more environmentally friendly 
and cheaper than desalination (although several reasons may explain the quicker and 
more widespread expansion of desalination compared to water reuse). Also, con-
trary to desalination, wastewater reuse does not require proximity to the coast. 

 In terms of water service management, decentralised options generally involve 
greater institutional challenges, as institutions are typically centrally based, and 
decentralised control of public health matters is more complex. But given an appropri-
ate framework for risk assessment and risk management, it becomes possible to guide 
and regulate alternative water supply options, either centralised or  decentralised, in a 
way that ensures a level of safety comparable to the typical water supply scenario. 
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 QMRA is gaining prominence in the water industry, receiving strong support 
from water and public health scientists and responsible agencies. It is the only 
approach to determining water safety requirements in a systematic and quantitative 
way, covering scheme design, validation, and regulation (O’Toole  2011 ; Bichai and 
Smeets  2013 ). With urban water systems evolving in response to the complex chal-
lenges of water scarcity, expanding populations, environmental sustainability, and 
urban livability, the QMRA approach has much to offer urban water managers and 
planners. QMRA lets them innovate and improve water security while dealing with 
the vital public health component of water services.  

5.2     The Role of QMRA in Designing Water Quality Regulation 

 When innovation is called for, for example to develop a novel supply scheme to harness 
stormwater and wastewater in a water-scarce city, proponents often need guidance, 
especially when design experience is lacking. Regulatory and public health agencies 
need adequate scientifi c support to ensure that innovation is safe. In several parts of the 
world, a lack of existing water quality regulations for recycling schemes is a barrier to 
development. When implementation is essential, as it was the case in the city of 
Windhoek when it developed its direct potable reuse scheme, then creating purpose-
made water quality regulations may be necessary. In Australia, even though the 
(national) AGWR framework intends to cover a wide range of recycling schemes, there 
remains a lack of regulation for stormwater reuse at the State level (e.g. in Victoria), a 
situation which leaves potential developers with a shortage of technical support. 

 In designing recycled water quality regulations, there is a tendency to be overly 
conservative on the public health protection side. This can lead to unnecessary cost 
in terms of infrastructure, energy, and the environment, and may ultimately discour-
age the water industry from innovating with a full range of alternative schemes. It is 
important that modern regulations be sensible and not prescribe that all water sys-
tems be over-engineered. At the same time, the regulations must maintain confi -
dence in the safety of water, both in terms of the public and of developers. In this 
role, QMRA can provide a sound basis for assessment and demonstration of water 
safety. To build and refi ne QMRA models, there is a crucial role for science in 
improving the accuracy of basic estimates and assumptions, particularly in collect-
ing more data. Effective implementation of QMRA-based regulations also calls for 
training and institutional support (Bichai and Smeets  2013 ), since, in the end, risk 
assessment requires professional interpretation and judgement.   

6     Conclusion 

 Water scarcity and water security are at the core of important policy concerns in 
many water-stressed areas today, especially in urban areas with expanding popula-
tions. As water quality (at the point of delivery) is regarded as a public health policy 
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matter, it is often left out of mainstream water services planning debates, decisions, 
and policy. 

 QMRA is a systematic and fl exible approach based on science. Its prime advan-
tage is that it integrates multiple water quality considerations with diverse urban 
water planning approaches. Crucially, it brings public health concerns back into the 
decision-making process, and balances them with water availability issues and envi-
ronmental, social, and economic factors.     
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    Chapter 7   
 The Development of Private Bore-Wells 
as Independent Water Supplies: Challenges 
for Water Utilities in France and Australia 

             Jean-Daniel     Rinaudo     ,     Marielle     Montginoul     , and     Jean-François     Desprats    

1            Introduction 

 From the 1930s to the 1960s, signifi cant fi nancial and technical resources were 
devoted to the development and geographical extension of public water distribution 
networks. In most developed countries, governments promoted the development of 
centralised technical systems allowing economies of scale. Water and sanitation 
services were delivered within private or public monopolies at municipal, metro-
politan, or regional scales as part of a broader extension of welfare-state principles 
(Graham  2000 ). These services were then considered a public or quasi-public 
 commodity, i.e. freely available to all individuals at equal cost and with standard 
quality within specifi c urban areas. For millions of inhabitants, access to public 
water supplies increased the availability, reliability, and quality of the water supply. 
This was clearly perceived as progress by households who previously relied on 
independent water supplies such as shallow wells, rain water cisterns, or even 
 purchased water. These independent water supplies were then often abandoned or 
only kept operational for non-domestic uses, particularly in rural areas. 

 A half-century later, access to an abundant, reliable, and safe water supply 
 distributed by public water utilities is taken for granted by populations in developed 
countries. Water services can be relied on more or less implicitly and tend to become 
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‘invisible’ to users who know very little about how the service is produced. However, 
a number of factors are leading growing numbers of households to seek cheaper 
alternative water-supply sources as a substitute for scheme water. Unlike 50 years 
ago, there are now several effi cient and affordable technological solutions available 
which households can use to create their own independent water supply. Examples 
include rain-water harvesting systems (with fi ltering and pressurising systems), 
grey water recycling systems, and private bore-wells – the focus of this chapter. 
Often, the substitution is only partial, and households continue to use small volumes 
of tap water for purposes requiring high-quality water, while they use their own 
 supply system for others (such as garden irrigation and toilet fl ushing). Total substi-
tution is possible if a household decides to invest in a water purifi cation device (e.g. 
a reverse osmosis set up), several sorts of which are now available for domestic use 
at reasonable prices. 

 Worldwide, the development of domestic groundwater self-supply as a substitute 
for public water supply has occurred in very different institutional, economic, and 
climatic contexts. In some countries considered a source of problems (e.g. France, 
Belgium), in others it has been promoted (e.g. Western Australia). This chapter 
analyses this emerging trend based on examination of three situations in Southern 
France (Sect.  2 ) and one in Western Australia (Sect.  3 ). We then investigate 
 households’ motivations to develop self-supply and bypass collective scheme-water 
systems (Sect.  4 ) before highlighting challenges water utilities will need to  overcome 
when confronted with this new social phenomenon.  

2      Southern France 

2.1     Context 

 In France, approximately 98 % of the population use water delivered to their homes 
by public water purveyors. Users generally benefi t from high-quality water services 
at prices that are relatively low compared to other European countries. 1  However, 
the rapid increase in water rates that occurred in the 1990s has provided households 
in detached or semidetached housing units with incentives to drill private bore- 
wells. Montginoul and Rinaudo ( 2011 ) describe this evolution in regions that have 
very different climates, economics, and demographics. The trend took place 
relatively unnoticed by water managers and government authorities because house-
holds typically failed to declare their bore-well despite a legal obligation to do so. 

1   According to NUS consulting European water price barometer (2009), the average water price in 
France is 10 % lower than the European average (3.09 against 3.44 €/m 3 ) and far below German 
and Danish prices (respectively 5.29 and 6.42 €/m 3 ). The study is based on an analysis of the 5 
largest cities in 10 EU countries, covering a total population of about 40 million inhabitants 
(Germany, Belgium, Denmark, Spain, Finland, France, Italy, the Netherlands, the United Kingdom, 
and Sweden). 
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 Although relatively uncommon, offi cial bore-well declarations can be informa-
tive as to the type of bore-wells drilled by households. Figure  7.1  presents an 
 analysis of the depth of bore-wells declared between 2008 and 2013 (July) in the 
Languedoc–Roussillon region of Southern France. The fi gure shows that a majority, 
52 %, attained depths of 50 m or less, while 36 % drilled to depths of 50–100 m. A 
minority, 12 %, went deeper than 100 m. Note that the cost of a bore-well is not 
directly proportional to its depth: it also depends on the physical properties of the 
geological layers involved. Drilling in a sand aquifer or in soft alluvial materials 
requires expensive drilling techniques, while cheaper techniques can be used to drill 
through Jurassic limestone for instance.   

2.2     The Intensity of the Phenomenon 

 A series of case studies were recently conducted by the authors with a view to 
assessing the frequency of the phenomenon at a regional scale. Insofar as very few 
domestic bore-wells were declared to government and/or municipal authorities, an 
indirect method was developed to estimate bore-well density at a regional level. The 
methodology consists in calculating the profi tability for the owner of drilling a 
 bore- well, defi ned as the savings made on their water bill from substituting cheap 
groundwater for more expensive scheme water, minus the cost of drilling the well. 
Benefi ts were expected to be proportional to the price of scheme water, while the 
cost of the bore-well itself was taken to be proportional to the groundwater depth, 
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  Fig. 7.1    Declared depth of domestic bore-wells drilled in the Languedoc–Roussillon region. 
N = 547, 2008–2013 (Source: own elaboration from BRGM groundwater database (Banque du 
Sous-Sol), Languedoc–Roussillon region)       
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adjusted to take into account the type of geological layer and uncertainty related to 
groundwater availability (for a detailed description, see Montginoul and Rinaudo 
 2011 ). 

 The methodology was applied in three counties in Southern France: Hérault, 
Pyrénées–Orientales, and Vaucluse (see Fig.  7.2 ).  

 Detailed results obtained in Vaucluse are presented in Fig.  7.3 . The upper left 
map shows that the cost of drilling a well is relatively low in some areas (less than 
€5,000). The cost rises signifi cantly in other zones where the geology is less  suitable, 
water is at greater depths, and there is a higher risk of failure (a ‘dry’ well). The 
upper right map illustrates the variability of scheme-water prices, which exceed €4 
per cubic meter (water, sanitation, and wastewater treatment included) in areas col-
ored black. The lower left map depicts variations in the bore-well profi tability 
threshold, defi ned as the minimum amount of groundwater that a household must 
substitute for scheme water in order to repay its investment. In areas shown in light 
grey, it is worth investing in a bore-well if the household uses at least 120 m 3  per 
year. Conversely, for areas colored in dark grey, constructing a bore-well is only 
profi table for households using more than 400 m 3  per year. The lower right fi gure 
presents an estimate of bore-well density, based on socio-economic information and 
the estimated profi tability threshold (see Montginoul and Rinaudo  2011  for details). 

Vaucluse
county

Pyrénées 
Orientales
county

Hérault 
county

Paris

Perpignan

  Fig. 7.2    Locations of the three regional case studies       
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Density is expected to be very high (more than 50 % of single-family homes 
equipped) along the Calavon Valley and in the Miocene groundwater basin (a region 
of Carpentras in the northwest of the map). Estimated densities were cross-checked 
with the staff of municipal water utilities, who confi rmed the range of values. Based 
on this methodology, the estimated number of bore-wells in this area ranges from 
14,000 to 21,000, corresponding to a density of 32–48 % (calculated as the fraction 
of households living in detached houses).  

 The same method was applied in two other counties in Southern France 
(Table  7.1 ). These two case studies correspond to larger river basins, comprising 
respectively 186 and 229 municipalities. The geology is highly varied within these 
territories: in alluvial valleys, groundwater can easily be reached at depths of 
5–10 m, while in karstifi ed limestone areas, households may need to sink wells to 
depths of up to 150 m.
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5000 –10 000
10 000 –20 000
> 20 000

Estimated borewell
construction cost
(in €)

Scheme water price
(in €/m3, water,
sanitation and WWT)

< 2

2 - 3
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> 4
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10 – 25 %

25 – 50 %

> 50 %

< 120
120 – 200
200 – 400
> 400

Estimated borewell
density (in % of
detached houses) 

Profitability threshold
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  Fig. 7.3    Bore-well construction price, scheme-water price, profi tability threshold, and bore-well 
density in the Calavon river basin and the Miocene aquifer basin, Vaucluse county, Southern 
France (Source: Desprats et al. ( 2012 ))       
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   The results shown in Table  7.2  suggest that bore-wells are less common in these 
two other case studies. In Pyrénées–Orientales and Hérault, there are far fewer 
 situations which combine high scheme-water price and easily accessible groundwa-
ter. Consequently, the number of municipalities where bore-well density exceeds 
25 % remains low (14 % in Hérault, 4 % in Pyrénées–Orientales).

   These three case studies conducted at the county level were supplemented by 
local investigations conducted in the Perpignan Méditerranée Urban Community, 
the metropolitan area of the Pyrénées–Orientales county. Our investigations relied 
on the use of various sources of information including: (i) the municipal register of 
bore-well declarations; (ii) an internet survey conducted on a sample of 204 house-
holds occupying single-family houses 2 ; and (iii) an analysis of water-billing records 
over a 5-year period. 

 According to municipal records, there were only 351 domestic bore-wells 
 offi cially registered in the community, which comprises more than 52,000 single 
family dwellings. This very low rate of bore-well ownership (0.6 %) was not 
 consistent with the results of the study presented in Table  7.3 , which estimated the 
total number of bore-wells in the Perpignan metropolitan area as 17,400, i.e., a 34 % 

2   The survey targeted a sample of 2,778 households living in detached houses. They were selected 
in 100 neighborhoods representative of the diversity of the metropolitan area in terms of income, 
housing characteristics, groundwater characteristics, and water tariffs. The response rate was just 
below 10 % (227 answers with 200 fully exploitable). 

   Table 7.2    Estimated bore-well density in the three Southern France case studies   

 County 

 No. 
munici- 
palities  

 Estim. no. of 
bore- wells  

 Number of municipalities per class of bore-well density 
(density in % of municipal housing stock) 

 <1 %  1–10 %  10–25 %  25–50 %  >50 % 
 Hérault  186  8,800  108 

(58 %) 
 47 
(15 %) 

 24 (13 %)  18 (10 %)  7 (4 %) 

 Pyrénées–
Orientales 

 229  16,400 to 
22,000 

 135 
(59 %) 

 39 
(17 %) 

 46 (20 %)  7 (3 %)  2 (1 %) 

 Vaucluse  66  14,000 to 
21,000 

 5 (8 %)  7 (10 %)  9 (14 %)  26 (39 %)  19 
(29 %) 

  Source: Montginoul ( 2008 ), Montginoul and Rinaudo ( 2011 ), Desprats et al. ( 2012 )  

   Table 7.1    Characteristics of the three case studies selected in Southern France   

 Hérault  Pyrénées–Orientales  Vaucluse 

 Groundwater geology  Limestone, alluvial 
deposits, sands 

 Quaternary alluvial 
deposit, Eocene 
sedimentary aquifer 

 Limestone, alluvial 
deposits, 

 Depth of bore-wells  5–175 m  5–150 m  5–150 m 
 Water price (€/m 3 )   2.60 /0.53/4.23   2.60 /0.24/3.71   3.32 /0.80/4.50 
  Avg /min/max 
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rate of ownership (households living in single family units only). The internet 
 survey conducted with 200 households confi rmed a higher value, with 24 % of 
respondents declaring using a private bore-well. 3 

2.3        How Do Households Use Their Bore-Wells? 

 Previous studies suggested that most households only use bore-well water for 
 irrigating gardens and fi lling swimming pools, and only a minority use it indoors for 
washing machines, toilet fl ushes, and sometimes personal hygiene (showers and 
baths) or even cooking and drinking (Montginoul et al.  2005 ). In the Perpignan 
Méditerranée Urban Community, we found that half the households equipped with 
a declared bore-well almost totally substituted untreated groundwater for municipal 
supply (Table  7.4 ). These households use less than 5 m 3  per year of scheme water, 
mainly for drinking and cooking. A second group of bore-well owners had drinking- 
water consumption ranging from 5 to 60 m 3  per year (average 32 m 3 ), indicating that 
they use scheme water for drinking, cooking, and showers but use bore-well water 
for washing machines and toilet fl ushes. The third group consumes more than 60 m 3  
per year (average 124 m 3 ) which corresponds to the average water use in Perpignan, 
implying that the bore-well only supplies outdoor uses.

2.4        Issues for Water Utilities 

 The development of groundwater self-supply by households is generally perceived 
as a threat by water utilities, who cite three types of negative impacts (Montginoul 
et al.  2005 ). The fi rst impact is on groundwater resources. The risk of groundwater 
contamination is increased in areas characterised by high bore-well density. Because 

3   The estimated rate of bore-well ownership in this metropolitan area is high compared to what has 
been found in other cities. In the nearby Montpellier area for instance, a similar internet survey 
conducted with 347 households showed a borehole equipment rate of 9 %. The difference is mainly 
explained by geological conditions. 

   Table 7.3    Estimated rate of bore-well ownership from three distinct sources (the Perpignan 
Méditerranée Urban Community)   

 Estimation method 
 Estimated rate of bore-well ownership (in % 
of single family houses) 

 Offi cial bore-well declaration registers  0.6 % 
 Economic modeling (all municipalities)  34 % 
 Internet survey ( N  = 200)  24 % 
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they are often poorly constructed, private bore-wells often connect previously 
 distinct hydrogeological layers and become multiple contamination vectors for 
groundwater resources. The development of bore-wells also increases total water 
abstraction, as households having free access to cheap groundwater will use more 
than when they fully rely on municipal supply. This is more of a problem when 
private bore-wells and public supplies tap the same aquifer. 

 The second impact is on public health. Untreated bore-well water is sometimes 
used indoors for personal hygiene, cooking, and even drinking without ensuring that 
its chemical and bacteriological quality complies with drinking water standards. 
Montginoul et al. ( 2005 ) also report cases where, due to improper construction of 
the dual-pipe system inside the house, high-pressure contaminated bore-well water 
fl ows back from a private bore-well into the municipal drinking water network. 

 The third impact is fi nancial. The development of private bore-wells may reduce 
water sales and generate cost-recovery problems for public water suppliers. 
Moreover, where sanitation and waste-water treatment are charged proportionally to 
drinking water use (as is the case in France), the development of groundwater self- 
supply generates additional fi nancial problems for utilities in charge of waste-water 
treatment and sanitation. This is particularly a problem where water demand is 
already in decline for demographic or economic reasons. 

 Legislative authorities recently reacted to these problems by allowing water 
 utility staff to enter private properties in order to record the existence of bore-wells 
and to control the bore-well itself as well as the water pipe network inside the 
house. 4  Utilities are authorised to cut off the connection to scheme water if the 
installation does not comply with regulatory requirements. Domestic bore-well 
owners are also under the legal obligation to install a meter which can be used by 
utilities to charge sanitation and waste-water treatment services. 5  

 However, enforcement of this new legislation remains highly problematic in 
France. Despite information campaigns, households rarely declare their bore-wells 

4   The 2006 water law, modifying article L 2224-12 of the Code Général des Collectivités 
Territoriales (CGCT) and application decrees of 2/07/2008, 17/12/2008. 
5   Article 2224-12-5 of CGCT. 

   Table 7.4    Scheme-water consumption for three types of bore-well owners in Perpignan 
Méditerranée Urban Community (based on municipal records, 351 households)   

 Type of bore-well water use 
 Average scheme water 
use (m 3 /year/household) 

 Sample % 
( N  = 351) 

 Type 1: full indoor and outdoor substitution  Range = [<5]  49 % 
 Average = 0 

 Type 2: partial indoor and full outdoor substitution  Range = [5, 60]  27 % 
 Average = 32 

 Type 3: no indoor and full outdoor substitution  Range = [>60]  24 % 
 Average = 124 
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to the municipality for fear of being charged for groundwater abstraction in the 
future (currently exempt for less than 1,000 m 3  per year) or for sanitation and waste- 
water treatment by the utility in charge of the service. Municipal water utilities are 
often unable to identify bore-well owners, for utilities frequently lack the technical 
capability to analyse water consumption data and cross-check it with other sources 
of information such as aerial photographs and household demographic data. The 
situation is exacerbated by a lack of political will: the mayor generally tends to 
refrain from sending staff to conduct property inspections lest he or she loses 
 support for the next election.   

3      Western Australia 

 By contrast with the French situation, the development of private bore-wells in 
Perth, Western Australia, was considered by water authorities as one way to reduce 
the growing pressure on drinking water supplies. Groundwater self-supply reduces 
the demand on scheme-water supplies, delaying the time when new resources (dams 
and well fi elds) will be needed. 

 With a population of 1.5 million (2006), Perth is the fourth largest Australian 
city. For the last 30 years, rapid population growth and economic development have 
been accompanied by an impressive urban sprawl. The urban landscape is charac-
terised by very low-density suburban estates with detached housing (Kennewell and 
Shaw  2008 ). More than 75 % of the population lives in single-family detached 
dwellings. The fondness of Perth households for their garden (Syme et al.  2004 ) and 
the desire to replicate the English country garden in a semi-arid climate (Kennewell 
and Shaw  2008 ), has resulted in very high water use. Average water consumption 
was around 500 m 3  per household in 1975–1976. It has remained relatively high 
over time, as shown by Loh and Coghlan ( 2003 ), who estimate single residential use 
at 460 m 3  per year, with 56 % of that volume being used outdoors. 6  

 This substantial urban growth and rising water demand has coincided with a 
declining trend in rainfall, which has diminished infl ows to reservoirs and lowered 
groundwater levels, at a time when groundwater is making increasingly larger 
 contributions to Perth’s water supply. In the late 1970s, restrictions were imposed 
on outdoor water use due to a long spell of dry weather. Volumetric pricing was also 
introduced at that time, and campaigns were conducted to promote water- 
conservation practices. Many households did not reduce their usage of water, but 
responded by seeking alternative private sources of supply. Given that the Perth 
metropolitan area is underlain by extensive shallow aquifers, many unlicensed 
 private bore-wells were drilled to substitute groundwater self-supply for scheme 
water. Since the aquifer is easily accessible and productive in most locations, private 

6   Based on a sample of 720 households living in detached houses and monitored during 
1998–2000. 
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bore- wells can be constructed at reasonable cost, ranging from A$3,500 to 5,000. 7  
The development of private bore-wells was facilitated by the regulatory framework, 
which does not require any licence for bore-wells tapping shallow groundwater and 
used to irrigate less than 0.2 ha. Bore-owners also do not pay any groundwater 
extraction fees and the amount of groundwater they use is not metered. 

 The development of private bore-wells was investigated in the late 1980s. A 
study published by the Metropolitan Water Authority (1985) found that 24 % of 
households owned a bore-well, with a further 3 % having access to one. According 
to Thomas et al. ( 1987 , quoted in Thomas and Syme  1988 ), bore-well ownership 
increased from 11 % of households in 1976 to 27 % in 1982. More than two-thirds 
of the 64,000 bore-wells constructed at the end of the 1980s had been installed after 
the onset of drought and its consequent publicity, restrictions, and changes in price 
regime (Syme et al.  2000 ). Bore-well popularity continued to increase due to more 
stringent restrictions on the central water supply and mounting water prices. 

 The number of households that use bore-well water has risen from 64,000 in 
1987; 99,600 in 1992; 135,000 in 2001; 150,900 in 2006; to 167,000 in 2010 
(Department of Water  2011 ). The total amount of water pumped from these bore- 
wells is estimated at 75–120 million m 3  depending on the source, corresponding to 
30–50 % of the potable water supply of the metropolitan area (235 million m 3 /year, 
1994–2005). Since 2003, bore-well installation has been encouraged by the govern-
ment, which offers a rebate 8  to people in areas where bore-wells are considered 
suitable according to the Perth Groundwater Atlas. About 5,000 subsidies are 
granted each year (Smith et al.  2005 ). Bore-well density varies signifi cantly from 
one area to another depending on the depth of the water table (the cost can be dis-
suasive when the water table is more than 10 m deep), the type of aquifer (drilling 
in limestone is more expensive), and the chances of success (bore-wells are fewer in 
areas of clay where bore-well yields are generally low). 

 Most studies and surveys report that self-supply groundwater is only used 
 outdoors. Estimated volumes are relatively high by international standards (see 
Table  7.5 ), even in view of Perth’s dry climate. This suggests that Perth households 

7   In 2013 A$, based on quotes provided by drilling contractors in the Perth metropolitan area; 
equivalent to €2,500–3,500. 
8   Up to A$300 (capped at 50 % of the installation cost) offered by Western Australian government 
as part of the ‘Water Wise’ rebate program. 

   Table 7.5    Estimated bore-well density and use as a function on property size   

 Property size 
(in m 2 ) 

 Indicative groundwater use (m 3 /
year) 

 Average bore-well installation rate 
(% of lots) 

 Less than 500  400  5 
 500–999  800  30 
 1,000–5,000  1,000  30 

  Source: Department of Water ( 2009 )  
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are overusing water compared to what they would use if they relied solely on more 
expensive scheme water.

   Concerns over increasing bore-well water use in Perth have been raised recently 
in relation to its possible impact on groundwater levels and quality. The response 
from the authorities was to impose partial groundwater use restrictions on bore- 
wells: watering is banned between 9 a.m. and 6 p.m. to reduce losses by evapora-
tion; it is only allowed three days per week; and it is banned in winter. These 
restrictions do not apply to highly effi cient irrigation methods such as sub-surface 
trickle irrigation. In the future, these restrictions are likely to be increased, if future 
climate and rainfall patterns persist (Australian Bureau of Statistics  2007 ). However, 
enforcement problems are reported by the Department of Water. 9   

4      Understanding Households’ Motivations to Invest 
in Private Supply 

 Understanding households’ motivations to drill is essential for predicting the future 
evolution of self-supply development and the resulting demands for scheme water. 
The analysis that follows attempts to identify these motives, based on the few stud-
ies that address this issue in France (Montginoul et al.  2005 ; Montginoul and 
Rinaudo  2011 ) and in Australia (Thomas et al.  1987 ; Thomas and Syme  1988 ). We 
also use the results of surveys of households’ perception of alternative water sources 
(Hurlimann  2011 ), shortages, and conservation (Roseth  2006 ). 

4.1     Maximisation of Utility Derived from Water Use 

 Households’ decision to drill can fi rst be analysed from a utilitarian perspective, 
assuming they seek to maximise the benefi t they derive from water use. Self-supply 
can be a strategy to maximise utility, in particular where the performance of public 
schemes is mediocre. Independent access to groundwater self-supply can help cope 
with limited water availability, poor water quality, low pressure, intermittent supply, 
and temporary restrictions. This is clearly the main motive prompting the use of 
wells in developing countries, as illustrated in India (Raju et al.  2008 ), Sri Lanka 
(Nauges and van den Berg  2009 ), Nepal (Pattanayak et al.  2005 ), Pakistan (Madanat 
and Humplick  1993 ) and Kenya (Mu et al.  1990 ), where self-supply enables a wide 
range of costs to be avoided, including those entailed in health, water purchase from 
vendors, labor for collecting water from other sources, and tank construction to 
cope with intermittent water supply. A similar argument also applies to developed 
countries, and was reported in the two case studies described above. In France, 

9   In October and November 2010, almost a thousand garden bore-well users in the Perth metropoli-
tan area were caught breaching restrictions. News release by Department of Water, 9 December 
2010. Available at  http://www.water.wa.gov.au/News+and+events/News+archive/2010/1711.aspx 
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some households interviewed by Montginoul et al. ( 2005 ) say that investing in a 
bore-well benefi ts them because of the higher pressure available than with scheme 
water, so they can irrigate large gardens more rapidly. In Perth, the development of 
private domestic bore-wells was clearly prompted by bans on sprinklers imposed 
during long droughts. By drilling bore-wells, households were both securing their 
water supply and ensuring that their gardens would not suffer losses. Such losses 
would have had a fi nancial impact (reduced property value), but also a psychologi-
cal one, given the importance of home gardens for a variety of quality-of-life 
 variables such as avoidance of stress, recreation, and personal and social identity 
(Syme et al.  2004 ). The demand for garden bore-wells is largely related to the belief 
that a garden must be green to be healthy (Roseth  2006 ).  

4.2     Cost Minimisation 

 Groundwater self-supply can also be a strategy to minimise the cost of water supply. 
Realising that they do not need high-quality water to irrigate lawns and fi ll swim-
ming pools, some households decide to drill a bore-well in order to substitute cheap 
untreated groundwater for costly tap water in all outdoor uses. This strategy differs 
notably from the previous one in that it aims to bypass a public service that performs 
well simply to reduce the total cost of water. This decision is based on a simple 
cost–benefi t analysis (CBA) of comparing investment cost with water bill savings. 
A majority of the French households interviewed by Montginoul et al. ( 2005 ) and 
Desprats et al. ( 2012 ) took the decision to drill a bore-well based on this type of 
CBA. The development of domestic bore-wells in France was apparently prompted 
by the drastic increase in scheme-water price in the 1990s and the prospect of a 
continuation of this trend. 10  The introduction of volumetric scheme water pricing in 
the late 1970s in Perth could also have played a role, albeit ranking behind sprinkler 
bans. This was shown by Thomas and Syme ( 1988 ), who conducted an econometric 
analysis to estimate a demand function for bore-wells. They identifi ed three main 
signifi cant explanatory variables: water price, household income, and the number of 
days of restriction. Estimated coeffi cients suggest that the demand for a bore-well 
was highly responsive to the level of restriction on water use.  

4.3     Ethical and Political Motivations 

 The utilitarian framework presented above cannot fully account for the complexity 
of households’ decisions to invest in self-supply. Utility maximisation interacts with 
ethical and political values and beliefs. 

10   In the medium term, and as energy prices rise, there could be cross-elasticity because of the cost 
of electricity or other fuel to provide energy for running the bore. 
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4.3.1     Green Households 

 Some households may view drilling as a commendable action from an environmen-
tal and social standpoint. A frequently cited argument is that it avoids wasting 
 precious treated drinking water for watering lawns. A second one is that it alleviates 
technical and fi nancial pressures on water utilities faced with rapid population 
growth and corresponding demand. Investing in groundwater self-supply is thought 
to be consistent with public policies which incentivise the installation of solar hot 
water systems or solar panels for electricity production. With this perspective, 
investing in a bore-well reinforces the idea of being environmentally neutral.  

4.3.2     Libertarian Households 

 A number of citizens may also consider water-use restrictions as inherently limiting 
personal freedom and rights. Owning a private bore-well allows this freedom to be 
regained and provides the moral satisfaction of being independent. In her study of 
community views on water shortages in six Australian metropolitan areas, Roseth 
( 2006 ) fi nds a minority of households (7–11 %) who believe it is their right to use 
as much water as they want when they want, given that they pay for it. However, 
while the majority accepts restrictions in principle, 50 % wouldn’t accept having 
their garden be impacted, insofar as they have the  right  (our emphasis) to keep their 
garden looking green and healthy.  

4.3.3     The Emergence of Infrastructural Consumerism 

 The development of private water supplies also refl ects a more profound evolution 
of society. Increasingly, privileged users tend to reject the redistributive role of 
 public water infrastructure monopolies. They expect to get what they pay for rather 
than cross-subsidising low-income users or other territories through a set of uniform 
rates. By bypassing the monopolistic water-supply system, they reclaim their right 
to freely choose their water supplier, somehow asserting “the moral superiority of 
individual choices over the tyranny of collective decision-making” (Leonard 1997, 
4; quoted in Graham  2000 ). This societal evolution is exacerbated by what Graham 
( 2000 ) calls “the emergence of infrastructural consumerism”, referring to the fact 
that every household in one street can now sign up with a different electricity, gas, 
internet, or telephone company. This choice, however, is restricted to certain social 
groups, as the ability to access alternative water supply systems is dependent on 
income, housing type, and location.    
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5     Challenges for Water Utilities 

 The development of private wells raises a number of challenges for water utilities 
and calls for changes in water-management practices. Utilities need to develop 
 strategies to monitor the development of private supply. They also need to control 
and possibly restrict private drilling where increased bore-well density poses 
 environmental threats on the groundwater resource and dependent ecosystems. A 
third challenge consists in integrating the self-supply option into water-demand 
models used to predict future demand or simulate the impact of evolving water 
rates. Last but not least, utilities need to manage the social impacts associated with 
the development of self-supply. 

5.1     Challenge 1: Monitoring the Development of Garden 
Bore-Wells 

 Obtaining accurate information on garden bore-well density is essential for  operating 
and planning urban water management. The French and Australian examples show 
that very different strategies can be implemented. The fi rst one consists in obliging 
bore-well owners to declare their wells. The French example shows that this strat-
egy may not work well unless signifi cant fi nancial resources are put in to implement 
and enforce the system. In a context where the state restricts fi nancial and human 
resources devoted to water and environmental protection, the spontaneous bore-
well declaration rate is likely to remain very low. 

 An alternative approach to obtaining up-to-date information consists in conduct-
ing household surveys. The government of Western Australia has adopted this 
strategy, and it commissions the Australian Bureau of Statistics to conduct surveys 
at regular intervals (2003, 2006, 2009). This is considered to be a cost-effective 
approach, whereas the cost of licensing large numbers (160,000) of low-yield bore- 
wells is thought to be prohibitive and not an effi cient use of public resources. 

 Surveys, however, do not always provide reliable information. In the French 
context, because bore-well owners fear they may incur new administrative costs and 
taxes if they declare their wells, non-participation or falsifi ed response rates are 
high. An alternative solution, then, consists in developing an indirect bore-well 
detection method based on a consistency check between households and housing 
characteristics on the one hand and metered water consumption on the other. The 
objective is to identify abnormally low water consumption, revealing the likely 
presence of a bore-well. 

 Such a method was developed and tested in one of the French case studies 
described above, the Perpignan Mediterranée Urban Community. The method com-
prised fi ve steps: (1) we fi rst developed a geographic information system integrating 
a digitised cadaster, a high-resolution aerial photograph, and an address database; 
(2) the aerial photograph was then analysed using a supervised classifi cation method 
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to assess each plot according to the area coming under major land-use classes, 
including built areas, swimming pools, irrigated lawns, tree plantations, and other 
non-irrigated areas; (3) next we used a simple agro-climatic model to estimate 
theoretical outdoor water use corresponding to irrigation requirements for irrigated 
lawns and trees, and evaporation for swimming pools; (4) we then cross-checked 
the estimated outdoor water use against metered scheme-water consumption; (5) 
fi nally, discrepancies were identifi ed and a physical inspection by utility staff was 
performed to check the existence of a bore-well. 

 Figure  7.4  illustrates the results obtained with this methodology. The house on 
the left has an estimated outdoor water use of 263 m 3  consistent with a metered 
scheme-water consumption of 290 m 3 . The house in the center has a metered 
consumption of 93 m 3 , which roughly corresponds to indoor water use, while the 
total water use is estimated at 370 m 3 . The difference suggests the presence of a 
bore- well which is only used outdoors (lawn and swimming pool). The difference 
between metered and estimated consumption is even greater for the house on the 
right: use was estimated at 319 m 3  but only 16 m 3  are withdrawn from the scheme, 
suggesting that the bore-well is not only used in the garden but also indoors (washing 
machine, toilet fl ushes, etc.). 11    

11   This approach might not work for second homes which are only occupied during summer 
months. Errors are thus expected to be greater along the coast where seasonal occupancy is more 
frequent. 

Lot size: 1388 m2

Metered scheme water: 290 m3

Estimated outdoor use: 193 m3

Estimated total use: 263 m3

Consistency: 110 %
Gap: + 27 m3

Lot size: 1430 m2

Metered scheme water: 93 m3

Estimated outdoor water: 300 m3

Estimated total: 370 m3

Consistency: 25 %
Gap: - 277 m3

Lot size: 1188 m2

Metered scheme water: 16 m3

Estimated outdoor water: 259 m3

Estimated total: 319 m3

Consistency: 5 %
Gap: - 303 m3

No borewell Borewell used outdoors only Borewell used in & outdoors

  Fig. 7.4    Comparison of estimated water use and metered scheme-water consumption for three 
houses of Perpignan Méditerranée urban community       
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5.2     Challenge 2: Controlling Bore-Wells in Environmentally 
Sensitive Areas 

 The French and Australian case studies show that the continued development of 
groundwater self-supply could ultimately lead to environmental problems for the 
groundwater resource itself and for dependent ecosystems. 

 In Perth, bore-well development and dry climate have led to a lowered water 
table (1995–2004) over more than 40 % of the metropolitan area (Smith et al.  2005 ). 
Assuming continuation of the climate trend over the past 10 years, additional self- 
supply of groundwater from the superfi cial aquifer can be expected to further reduce 
aquifer storage under parts of Perth. This will increase the general risks of seawater 
intrusion along the coast and loss of urban wetlands. In some parts of the metropoli-
tan area, the water table is liable to decline to the point where substantial changes 
occur in the chemistry of groundwater. As acid sulfate sediments come in contact 
with atmospheric oxygen, acidifi cation takes place, leading to the release of heavy 
metals and arsenic. These contaminants are leached into the groundwater and 
 eventually fi nd their way into nearby wetlands or rivers, causing environmental and 
economic harm (Appleyard et al.  2006 ; Department of Water  2009 ). The risk is not 
only environmental but also economic. If shallow aquifers deteriorated to the point 
where they can no longer be used for garden irrigation (for example, following sea 
water intrusion), the demand for public supplies would increase tremendously, 
imposing very high costs on water utilities to develop new resources and rebuild the 
distribution network, which would then be undersized to meet this increased 
demand. 

 To cope with that risk, water policy in Perth has gradually shifted from an uncon-
ditional support of bore-wells for gardens to a spatially-differentiated policy which 
only supports the development of groundwater self-supply in well-defi ned zones 
(Department of Water  2011 ). In areas deemed unsuitable, the department does not 
support the establishment of new domestic garden bore-wells, but existing ones can 
still be used. Areas are deemed unsuitable if: (i) water quality is not suitable for 
irrigation (salinity, contaminants); (ii) the area is close to the ocean and vulnerable 
to seawater intrusion; (iii) it is near an important conservation wetland or 
groundwater- dependent ecosystem which could be adversely affected by bore-well 
use; or (iv) the area is over-allocated to existing users and future development of 
garden bore-wells is liable to generate damage to third parties or existing users. 
Areas suitable and unsuitable for garden bore-wells have been defi ned by the 
Department of Environment and published in a Groundwater Atlas which is  available 
in an interactive format on the Internet (Department of Environment  2004 ). 

 In France, the major problem stems from the impossibility for utilities to ensure 
that bore-wells are properly built and designed. As mentioned above, drilling 
 contractors do not always install a properly cemented bore-well casing. Accordingly, 
each bore-well becomes a potential contamination path for groundwater, with seri-
ous consequences when the resource is exploited for municipal use. In an area of the 
Perpignan coast, we found a situation where the third layer of the coastal confi ned 
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aquifer became brackish in the space of a few years due to the improper  construction 
of a dozen bore-wells, so that hydraulic communication between the brackish upper 
layer and the confi ned aquifer they were exploiting was established. The challenge 
for water utilities is to fi nd ways of controlling the quality of wells (through video 
technologies for instance) and to impose, at least in sensitive areas, credible threats 
of sanctions (e.g. charging owners for the cost of refi lling poorly built bore- wells). 
However, this would presuppose that utilities already had access to reliable informa-
tion on bore-well location, which is obviously not necessarily the case.  

5.3     Challenge 3: Including Bore-Well Development 
in Scheme-Water Demand Modeling 

 Having access to up-to-date information on bore-well density is also a prerequisite 
to any accurate modeling of scheme-water demand. This is of utmost importance 
when forecasting long-term demand, since the unit consumption ratio differs 
 signifi cantly depending on the presence or absence of a bore-well on the property. 
An underestimation of bore-well density will lead to an overestimated demand for 
scheme water and consequently a costly over-sizing of storage and conveyance 
infrastructures. Conversely, overestimating future bore-well density might result in 
shortages, as infrastructure will prove to be undersized in times of peak demand. 

 Knowledge of bore-well density is also crucial when simulating the impact of 
rate changes on demand and utility revenues. Several studies have shown that price 
elasticity differs between households who have access to an alternative water supply 
and those who do not (Nauges and van den Berg  2009 ). In Perth, Thomas and Syme 
( 1988 ) showed that bore-well owners have very low price elasticity. They also 
 indicated that cross-elasticity of bore-well installation rates and the price of public 
scheme water was also signifi cant: a 32 % increase in water price would result in a 
doubling of the demand (+100 %) for bore-wells. In France, Montginoul and 
Rinaudo ( 2011    ) showed that an increase in scheme-water price would signifi cantly 
raise the return on investment for bore-well construction and provide incentives for 
households to drill. The same impact is expected from increasing block or seasonal 
rates. Utilities need to take into account this difference in household price sensitiv-
ity when they calculate the impact of proposed rate changes.  

5.4     Challenge 4: Maintaining Equity Between 
Bore-Well Owners and Other Customers 

 The development of bore-wells also raises an issue of consumer equity. In France 
for instance, it is most likely that bore-wells will be drilled by higher income house-
holds who own a detached house in a suburban estate with a garden and swimming 
pool. Their scheme-water consumption will decrease to a very low level, especially 
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if they install a dual pipe system in their house to supply washing machines and 
toilets. Since water, and sanitation and wastewater treatment (S&WWT), are paid 
for on the basis of metered scheme-water use, their fi nancial contribution to the 
service will decrease. To compensate for declining revenues and ensure full cost 
recovery, utilities will need to increase their rates. This will ultimately result in 
 raising the bills paid by less wealthy consumers, increasing consumer inequity. In 
such situations, water utilities will have to develop innovative cost-recovery  policies. 
A key issue is recovering S&WWT costs from bore-well owners who discharge 
wastewater into the public sewer without paying for it. This might be done by 
 metering bore-well water entering the house, or by charging for S&WWT services 
using a fl at rate. 

 The question arises differently in Perth. In 2006, a desalination plant was built to 
meet the demands of the growing population, and its cost will be paid for by scheme- 
water consumers in proportion to their level of water consumption. At the same 
time, authorities are contemplating a groundwater replenishment program in which 
the shallow aquifer is recharged with recycled waste water (Li et al.  2006 ). Clearly, 
sharing these costs on the basis of scheme-water consumption alone would be unfair 
from a consumer justice point of view. It would also probably be unfair in terms of 
social justice, as bore-well owners are probably among the better-off households. To 
maintain equity, utilities will have to design new cost-recovery schemes, for instance 
through charging bore-well owners a water extraction fee, as practiced in Orange 
County, California. Such a change which would probably trigger strong political 
opposition, in France and Australia alike.   

6     Conclusion 

 For decades, centralised, standardised and universal water services were developed 
as part of a wider elaboration of the welfare state. Technologies and centralised 
management allowed public or private utilities to achieve high levels of service 
quality and reliability. We are now starting to see users who look beyond the tap, 
paying attention to how the service is operated, how the infrastructure is  confi gured, 
and how costs are shared among users. Some of these users have started to question 
the fundamental assumptions – the universality of the service, social and territorial 
fi nancial solidarity – and have resorted to alternative individual water-supply 
 systems such as rainwater harvesting, grey water recycling, and groundwater self-
supply. In this chapter, we have focused on one of these strategies which consists 
in using a private bore-well as a partial substitute for scheme water. The develop-
ment of such self-supply systems merits attention from water utilities and 
policy-makers alike, for a number of technical, economic, and social reasons 
expanded upon in this chapter. We documented two case studies in Southern France 
and Western Australia, but it is worth mentioning that the issue has also been 
reported elsewhere in the world.     
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    Chapter 8   
 Inter-Basin Transfers as a Supply Option: 
The End of an Era? 

             Jean-Daniel     Rinaudo      and     Bernard     Barraqué    

1            Introduction 

 In the past, when water demand in large metropolitan areas outstripped local supply, 
additional water was often secured by tapping into other river basins. As a refl ection 
of the enormous interests at stake, such economic centres devoted correspondingly 
impressive fi nancial resources and technical ingenuity to the design and construc-
tion of inter-basin projects. Examples of projects transferring hundreds of millions 
of cubic meters per year over hundreds of kilometers abound in different parts of the 
world, including Australia, Europe, Northern and Southern America, and Asia. In 
the USA for instance, the largest metropolitan areas – including New York, Chicago, 
Los Angeles, Oakland and San Francisco, Houston, Dallas, and Miami – rely on 
large scale inter-basin transfers (IBTs). Most were built during the nineteenth and 
twentieth centuries, refl ecting a phase that Barraqué calls the civil engineering para-
digm (see Chap.   9    , this volume). 

 The issue became more complex after WW2. On the one hand, under American 
infl uence, international fi nance institutions supported new-born nation-states, 
which, emerging from colonisation, endeavoured to develop their economies via 
hydraulic projects. On the other hand, in the US (and soon after in other developed 
countries), economic tools like cost–benefi t analysis were increasingly used to legit-
imise projects funded from government and other sources. The idea that hydraulic 
projects should fi nance themselves via their benefi ciaries slowly eroded the older 
‘pork barrel’ philosophy. From about 1965, the environmental protection movement 
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brought additional arguments against large hydraulic projects, and plans for many 
yet to be built began to be shelved since they seemed to perform poorly on both 
economic and environmental grounds. However, even today some projects still pro-
ceed, and indeed some large ones have emerged, as in China. 

 This chapter is devoted to discussing the evolving role of IBT in urban water 
management. We argue that the era of large IBT development is about to end, at least 
in democratic developed countries. The chapter starts with providing an historical 
overview of IBT development, distinguishing ancient drinking water aqueducts and 
multipurpose urban water projects. The next section describes how IBTs are chal-
lenged by a change in the technological and economic context. It shows how the 
emergence of alternative technologies, such as desalination, wastewater reclamation 
and reuse, or managed artifi cial groundwater recharge is reducing the attractiveness 
of IBTs. Water utilities are also becoming increasingly aware that water conservation 
programs can save volumes of water at a much cheaper cost than IBT. In Sect.  4 , 
IBTs are discussed within the changing socio-political context. We show, through 
various international examples, that IBTs trigger many questions and concerns from 
communities involved or affected, questions such as the environmental impact on 
donor and receiving river basins, the economic impact on donor regions, the impact 
on local cultures and livelihoods, how costs and benefi ts are distributed (social 
 justice), and issues related to public participation. In a fi nal section, we look ahead at 
new and more effi cient uses of existing IBTs. We suggest they can be used for 
increasing the fl exibility of how water is allocated over space and time. As conjunc-
tive use management approaches gain support, IBTs will be operated in conjunction 
with aquifer storage and recovery schemes, and they will probably support the devel-
opment of emerging water markets, in particular during drought years.  

2     IBTs in Contemporary History 

 Cities, and urban civilizations, have always depended upon fresh water. There are 
many examples of once glorious civilizations which disappeared due to changes in 
hydrologic conditions or extreme events (which they themselves sometimes pro-
voked): Fatehpur Sikri, Angkor Wat, Mayan cities. Other cities were defeated when 
their conquerors destroyed their water supplies. 

 In most of these cases, water was required as a vital resource, but somewhat 
indirectly for irrigation and other human uses, including for drinking. More directly, 
with the Roman Empire for example, long distance aqueducts were developed pri-
marily for urban comfort and drinking, since the amount of (pure) water carried was 
insuffi cient for irrigating crops. Most aqueducts ceased to function after the fall of 
the Roman Empire, and only a few small ones were built during the Middle Ages 
under feudal rule (monasteries). The one exception was Rome where a single aque-
duct survived ( Acqua Marcia , 91 km). 

 The idea of acquiring clean, fresh water from a distance was picked up again by 
Italian engineers during the Renaissance. It was very much needed because at the 
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time a proto-industry was being developed based, in part, on putrefaction tech-
niques, the effect of which was to cause local urban water to become increasingly 
polluted (Guillerme  1983 ). Nevertheless, aqueducts were costly and reserved only 
for kings, their castles, and patrician palaces, although they would eventually come 
to serve public fountains. Most cities relied on local water sources, either wells or 
river water served by vendors. 

 During the eighteenth century water was increasingly considered a potential 
source of disease and even of epidemics (given the miasmatic theory). Experts of 
the time either favoured fi ltration, which was already experimented with, or distant 
sources. Before the discovery of microbes in the second half of the nineteenth cen-
tury, there was no way to ascertain which of these two technologies was better. The 
choice was between small quantities of pure water from distant sources, or larger 
quantities of unsafe local water, which could be pumped thanks to the rapid spread 
of the steam engine at the turn of the nineteenth century. Fire-fi ghting and parks 
watering also required water, and urbanization led to a dramatic increase in solid 
waste accumulation in the streets; many local authorities imagined they should 
‘wash the city clean’, an option that required yet more water. 

2.1     Potable Water Aqueducts 

 Some of the aqueducts bringing water to palaces or monasteries, or even to public 
fountains, have long histories: the New River project in London dates to the six-
teenth century and was 68 km long; the Medici aqueduct feeding the (now) 
Luxembourg palace in Paris from Rungis springs dates from 1623 and ran for 
13 km. In turn, progressive improvement in the technologies of pipe welding and 
faucet design allowed the development of water supplies under pressure, extending 
to within residential buildings. Enlarged water capacity was also needed to deal 
with waste evacuation, notably once London decided to turn the drainage system to 
the discharge of human waste. The combined sewer was born, and this innovation 
needed fl ushing if the slope was insuffi cient or the rain too infrequent. 

 In Britain, however, taking freshwater from distant sources was not easy for both 
hydrological and legal reasons: not only were there no large mountains or aquifers 
to draw water from, but the riparian rights, which translated the common law to the 
water domain, meant that cities needed an act of Parliament to catch distant water. 
Even though some cities like Glasgow managed to draw clean water from up to 
55 km away (and as early as 1859), others preferred to take water from a nearby 
river and fi lter it. In London, fi ltration became mandatory in 1852 after a major 
cholera outbreak. Birmingham, the champion city for public water (and gas) pro-
curement, had to wait until 1902 to get fresh water from a reservoir built in Wales 
100 km away (Barraqué and Andreas Kraemer  2014 ). 

 As early as 1837, New York decided to fetch water from Croton Lake, located 
north of Manhattan in a rural area about 60 km east of the Hudson river. A dam was 
built to store more water in the lake, and a 66 km aqueduct took water to a fountain 
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in Manhattan in 1842. For centuries, Madrid in Spain had been served by ground-
water, relying on the ancient Persian technology of the  Qanats  (horizontal galleries 
draining dripping groundwater). But in the nineteenth century, supplies became 
inadequate, and in 1851 a new aqueduct was built from mountains north-west of the 
capital, about 60 km away. 1  In Paris in 1860, Baron Haussmann, a powerful Prefect 
of the time, found an engineer of the corps, Eugene Belgrand, who knew the nature 
of all the springs around Paris, and this engineer drew up a plan to divert several 
springs to Paris via a system of aqueducts that would take water from around 100 km 
away. It took almost a century for the plan to be fully implemented, but today these 
aqueducts provide half of the water Parisians drink, while Paris suburbs depend 
either on surface water from the Seine and its tributaries or from shallow aquifers. 

 Before the First World War, New York City extended its long distance aqueducts 
up to the Catskill mountains 250 km to the north. Other cities in the eastern part of 
the country, like Boston, also built in-stream storage facilities further and further 
away from urban areas. The fi rst reservoir, Cochituate, built between 1845 and 
1848, was only 27 km away, but the most recent, Quabbin, built in the 1930s, is 
105 km away. The longest transfers can be found in California, most likely due to 
the Mediterranean-type climate. Around WW1, Los Angeles managed to appropri-
ate freshwater from the Owens Valley and transferred it across a mountain range 
(375 + 220 km), while San Francisco built the Hetch Hetchy aqueduct from the 
Yosemite Mountains (269 km), and Oakland another line from the Moktelumne 
river (153 km). Some time later, Southern California even took water from the 
Colorado River 389 km away across a range of mountains. 

 In Europe, construction of long distance transfers usually depended upon authori-
sations, and they required subsidies or low interest loans by national or central gov-
ernments, the reason they were frequently reserved for capital cities. Lyon, the 
second largest city in France, always took its water from an alluvial aquifer in a 
natural area upstream of the Rhone. Conversely, Lisbon received water from a res-
ervoir upstream through a magnifi cent aqueduct ( Aguas Livres ) built by the govern-
ment in the nineteenth century, an aqueduct which incidentally provides little water 
compared to the needs of modern hygiene (Luisa et al.  2012 ). As soon as water 
treatment could take advantage of discoveries in microbiology, it became cheaper to 
provide safe water pumped from rivers close to cities, and many aqueduct projects 
became fi nancial white elephants. 

 But of course, water transfer projects were still being built throughout the 
Mediterranean and in other areas of water scarcity. In France, the Canal de Marseille 
is an 80 km transfer from the Durance, providing water to Marseille as early as 
1849, but which was constantly improved until 1970, when it was supplemented 
with a regional water scheme called Canal de Provence. 2  Another example is the 
 Landeswasserversorgung  in Baden Württemberg, a complex system of aqueducts 
from the mountains in the south to the urbanised north (in the Stuttgart area). It was 

1   See “The Croton Aqueduct”, New York Historical Society at  https://www.nyhistory.org/seneca/
croton.html 
2   See the Canal de Provence website at  http://www.canal-de-provence.com 
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a national project funded and owned by the German government in the early twen-
tieth century, and it was only after WW2 that it was transformed into an inter- 
municipal joint board. 3  The most impressive example in Europe between the two 
World Wars remains the Italian Aquedotto Pugliese, 4  a regional scheme to bring 
water to the driest part of the country (the heel of the boot), and which has long been 
the largest regional water supply scheme in terms of population served (4.5 
million).  

2.2     Multipurpose Projects and Urban Interbasin Transfers 

 In the early twentieth century, the increasing involvement of national states in eco-
nomic matters led to an unprecedented rise of large hydraulic projects, including 
dams and transfers, and this time it was not only to bring water to cities. Projects 
usually started with hydroelectricity generation, requiring the construction of reser-
voirs. But then it also became conceivable to regulate river fl ows so as to enlarge 
navigability periods, provide water for irrigation, and for industry. Eventually such 
projects also included water for cities, but it was not their main goal. 

 The United States played a major role in this development, the reason being that 
they could mobilise important major amounts of capital and direct them to areas that 
were wild or even desert. One of the fi rst projects was the construction of a canal 
from the Colorado to the Imperial Irrigation District, a desert located between San 
Diego and the Mexican border (1898). This project was followed by many other 
state or federal projects, resulting in the interlinking of Californian watersheds and 
valleys from north to south. 5  Today, more than three-quarters of the water is used for 
irrigation, and progress in water effi ciency has created the opportunity to re-allocate 
water for other higher value uses. 

 Similar projects were constructed in several western states, in particular in 
Colorado and Arizona. The city of Denver, Colorado, which is located on the east-
ern slopes of the Rocky Mountains, put in place a long distance infrastructure to 
convey water from the western side of the range. As a compensatory measure for 
people in areas from where the water came, reservoirs reserved for their sole use 
were also constructed (Blomquist et al.  2004 ). 

 In Arizona, the development of the Colorado Aqueduct Project was mainly 
intended to supply the rapidly growing areas of Tucson and Phoenix, which had 
outgrown local surface water and groundwater resources. As is frequently the case 
with multipurpose projects, the transfers were mainly paid for by urban users, with 
additional water sold to farmers at a much lower price. 

3   See website of Landeswasserversorgung – Trinkwasser für Baden-Württemberg at  http://www.
lw-online.de/ 
4   See the Aquedotto Pugliese website at  www.aqp.it 
5   See the Californian Department of Water Resources at  www.water.ca.gov 
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 However, the most representative example of this multipurpose project policy is 
to be found in the eastern United States: the Tennessee Valley Authority. This was a 
planned project to revitalise a depressed economic area after the 1929 crisis. It was 
also a federal government project to create a dream in which water mobilisation 
could create a new and modern way of life (with electricity for industry and homes). 
At the time, there was a similar project planned on the Rhone in France (CNR), but 
engineers and planners met strong resistance from local communities and the proj-
ect remained limited to electricity generation on the Rhone between Switzerland 
and Lyon (the Génissiat dam). Similarly, the soviet regime built a similar project on 
the Dniepr under Stalin (the Goelro plan, with the Dnieprostroi hydroelectricity 
farm and education centre). 

 The allied victory in 1945 led to the setting up of a new world order based upon 
the creation of new nation states. These new states were encouraged to promote 
economic development through the development of hydraulic infrastructure. 
American cooperation was infl uential, and the TVA is still considered to as an 
inspiring model, as this quote from the TVA website indicates:

  Under the leadership of David Lilienthal (“Mr. TVA”), the Authority became a model for 
America’s governmental efforts to modernize Third World agrarian societies. 6  

   Many countries launched hydraulic projects combining electricity generation, 
irrigation, and urban water supply, as did Spain with the fi nancial support of the US 
(Swyngedouw  2007 ). During the Franco dictatorship (1940–1975), Spain became, 
in terms of number of dams, the third highest-ranking country in the world. Brazil 
also developed complex water and electricity projects in the metropolitan areas of 
Sao Paulo and Rio de Janeiro, and later with huge dams on the Parana. Even small 
countries like Israel 7  or Tunisia 8  built national water carriers for the sake of develop-
ing arid southern regions. Socialist countries also invested in large projects, with the 
USSR developing some in central Asia for cotton growing (the Ferghana valley in 
Uzbekistan). This project led to the drying up of the Aral Sea, because the part of 
the scheme which involved changing the course of a Siberian river southwards to 
feed the dying sea could not be built. In many developing countries, however, mul-
tipurpose schemes were legitimised by appeals to the need for urban water, even if 
this need remained minor. 

 Despite growing doubts about the positive balance of pros and cons, and the 
retreat of the World Bank on several fi nancing schemes, many of these projects went 
ahead: GAP (the Greater Anatolia project) in Turkey, Nile regulation with Toshka 
transfer in Egypt, the Three Gorges and South–North transfers in China, and the San 
Francisco–Ceara in Brazil. India is even now considering the construction of project 

6   Tennessee Valley Authority website at  www.tva.gov 
7   See presentation of the National Water Carrier at  http://www.mekorot.co.il/Eng/Mekorot/Pages/
IsraelsWaterSupplySystem.aspx 
8   See website of the Tunisian National Water distribution society at  www.sonede.com.tn/index.
php?id=44 
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linking rivers in the Himalayas to Kerala and Tamil Nadu, with eastern and western 
branches. 

 After the rise of the environmental movement in the 1970s, multipurpose hydrau-
lics started to receive criticism, beginning in the US, from ecologists and also econ-
omists. In France, the retreat of hydraulic engineers from the colonies gave rise in 
the 1960s to the development of new multipurpose projects at regional level. Three 
major regional planning companies were set up: Société du Canal de Provence, 
Compagnie du Bas-Rhone Languedoc, and Compagnie d’Aménagement des 
Côteaux de Gascogne. All of these started with irrigation as a major component, but 
Canal de Provence was more economically successful because it found urban and 
industrial customers able to pay close to the full cost of regional water. 

 It was the rise of alternative solutions for urban water provision which under-
mined the economic rationale of IBTs.   

3     IBTs in a Changing Technological Context 

 Until the late 1980s, water transfers were often the sole technological option cities 
could rely upon to supplement local resources and meet fast-growing demand. The 
emergence of alternative technologies, such as desalination, wastewater reclamation 
and reuse, or managed artifi cial groundwater recharge – and the progressive decrease 
of their cost – strongly infl uenced the perception of IBTs by water managers and 
planners. At the same time, water utilities increasingly became aware that the 
demand for water could be curbed through proactive water conservation policies. 
Because signifi cant volumes can be saved and devoted to new uses, water conserva-
tion has increasingly been considered as an alternative to water supply options – 
IBTs in particular. This section aims to illustrate how this change has happened 
through examples selected from different parts of the world. 

3.1     The Development of Non-conventional Supply Options 

3.1.1     IBT Versus Desalination 

 Desalination represents a serious alternative to inter-basin transfer for a number of 
reasons. The fi rst one is the declining cost of this water supply option. The most 
common technology chosen for new desalination plants today is reverse osmosis 
(60 % of existing capacity), in which salt water is fi ltered under high pressure 
through semipermeable membranes. The cost of RO varies signifi cantly depending 
of the quality of raw water used, the size of the plant, the site conditions, and the 
cost of energy (Zhou and Tol  2005 ; Ghaffour et al.  2013 ). Desalination of brackish 
groundwater, estuarine water, or contaminated fresh water is often preferred to sea-
water desalination due to reduced energy cost. Recent case studies have shown the 
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full cost of such projects ranges between €0.3–0.7/m 3  (Vedachalam and Riha  2012 ). 
A Spanish study estimated the cost of seawater desalination at about €0.7/m 3  in the 
Segura basin, when facilities there operate at full capacity (Lapuente  2012 ). These 
costs are likely to continue to decrease if new low-energy technologies become suc-
cessful (Ghaffour et al.  2013 ). 

 There are other reasons why desalination can be more attractive than IBTs for 
water utility managers. The prime advantage of desalination is that it is a secure 
and reliable source of supply, independent of climatic conditions, unlike IBTs 
which can be affected by drought. Desalination also produces very high water 
quality that can be blended with lower quality water supplies if necessary. For local 
politicians, desalination offers greater control of municipal water supplies, allow-
ing them to freely consider a wide range of economic developments – without 
depending on water supplies from outside their jurisdiction. Last but not least, the 
mobilisation of fi nancial resources is easier in the case of desalination as the  private 
sector often gets involved through ‘build–own–operate–transfer’ (BOOT) contracts 
(Ghaffour et al.  2013 ). Since the associated costs are operational and maintenance 
costs rather than initial investment, they are easier to recover from customers, even 
if they are high. 

 Several large metropolitan areas confronted with mounting water scarcity (and 
even shortages during droughts) have preferred the desalination option rather than 
the construction of an inter-basin transfer. The case of Barcelona provides a good 
illustration. In the 1990s, Barcelona investigated the possibility of importing water 
from the Rhône river, through an extension of the canal system that diverted water 
to the Montpellier region. The project consisted in constructing a 330 km long pipe-
line intended to transfer up to 400 million m 3 /year to the metropolitan area. For 
reasons that will be further exposed below, the metropolitan area instead constructed 
a 200,000 m 3 /day desalination plant in 2009 which can satisfy 20 % of Barcelona’s 
drinking water needs (Saurí et al.  2014 ). 

 Another example is the Kimberley pipeline scheme designed to supply Perth in 
Western Australia (Ghassemi and White  2007 ). Metropolitan Perth has a sustained 
population growth of over 1.5 % per year and it is expected that demand could 
increase by 600 million m 3 /year by 2050. In that context, numerous proposals have 
been developed since the late 1980s to transfer water from the wet tropical region 
of the Kimberleys to Perth and even Adelaide (op. cit. pp. 169–176). The preferred 
project consisted in constructing a 1,400 mm diameter pipeline 1,840–2,100 km 
long (depending on route). Investment cost was estimated at A$8–11 billion (1990 
dollars) and operating and energy costs were more than A$2 billion/year. Overall, 
the total cost of imported water was estimated at A$5–6/m 3 , which was fi ve times 
above the cost of desalinated water (A$1.1/m 3 ) and other alternative options such 
as groundwater extraction (A$0.3–0.8)). After several studies, the Kimberley 
scheme was fi nally abandoned and a 45 million m 3 /year desalination project was 
approved in 2003 at a cost of A$350 million. The Western Australian government 
also adopted a strategy of improving water use effi ciency in all sectors and promot-
ing water reuse.  
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3.1.2     IBT Versus Wastewater Reclamation and Reuse 

 Another alternative to IBTs consists in using poorer quality water supplies and 
developing wastewater treatment (reclamation) for subsequent use as a water supply 
(reuse). Water reuse is growing in importance in the US, Australia, some parts of 
Asia (Singapore), and in Western Europe (Spain). Recycled water is most com-
monly used for groundwater replenishment or for landscape irrigation; much less 
frequently is it used for direct domestic reuse. 

 Reclamation and reuse can be either centralised or decentralised. In decentral-
ised systems, water reclamation facilities are located close to areas where commer-
cial or residential demand exists for reclaimed water. Only a fraction of the available 
wastewater is treated and distributed. This approach, which is sometimes referred to 
as “sewer mining” only requires the development of a small local secondary distri-
bution network. Investment saving are likely to compensate the cost of no economy 
of scale. 

 In a centralised system, wastewater is collected and treated (possibly up to drink-
ing water standards) before being introduced into a water supply source (river, res-
ervoir, or aquifer). A combination of three purifi cation technologies is frequently 
used: micro-fi ltration, reverse osmosis, and UV treatment (Zekri et al.  2013 ). A 
well-known example is the groundwater replenishment program of Orange County 
Water District (OCWD) in California. OCWD has recently completed a new recy-
cling facility that provides a new resource for the region. Wastewater is treated using 
reverse osmosis technology. It is then injected into the aquifer through a series of 
shallow and deep wells. The system is used both as a seawater intrusion barrier and 
a source of water. Groundwater is then pumped and used for drinking supply (indi-
rect potable reuse) and distributed to consumers using the existing reticulation sys-
tem. A variant, observed in other Californian water districts (see Chap.   11    , this 
volume), consists in directly distributing reclaimed water to customers through a 
dedicated reticulation network (‘purple pipe’) for non-potable use. The cost of this 
option is much higher due to the need to construct a dual distribution network. In 
Europe, the Dutch have long replenished the sand-dune aquifer between the Ranstad 
and the North Sea with monitored freshwater from the Rhine (when the quality is 
acceptable). In Barcelona, the AGBAR company also treats waste water through RO 
technology to recharge the alluvial aquifer of the Llobregat 15 km upstream from 
the drinking water plant of Sant Joan Despi. 

 A number of studies have shown that the costs of managed artifi cial recharge and 
water reclamation compare favorably with those of alternative sources. In Southern 
California, the total capital, operating, and maintenance costs were estimated at 
US$1.34/m 3  for the West basin and US$0.77 for Orange County Water District, 
which is cheaper than imported water supplied by the Metropolitan Water District 
of Southern California (National Academy of Sciences  2012 ). In San Diego, the 
cost of recycled water is estimated at about €0.35/m 3  (2001 value) which is equiva-
lent to 90 % of the potable water cost. The same results were found in Florida where 
the cost of recycled water was estimated at €0.3–0.37/m 3  (Miller  2006 ). Other com-
parable cost fi gures are reported for several projects worldwide (Zekri et al.  2013 ). 

8 Inter-Basin Transfers as a Supply Option: The End of an Era?

http://dx.doi.org/10.1007/978-94-017-9801-3_11


184

 Recycled wastewater can also be introduced into surface water resources. 
Singapore opted for this option with the well-known NEWater project in the early 
2000s. Wastewater is treated and blended with surface water resources in reservoirs. 
Recycled water will represent 15 % of daily urban consumption once the planned 
treatment capacity is fully deployed. This technological change was implemented 
with the aim of reducing reliance on importing water from Malaysia. The cost of 
NEWater is estimated at less than €0.2/m 3  (Tortajada  2006 ).   

3.2     IBTs Versus Water Conservation 

 Although urban water utilities are still inclined to consider importing remote new 
resources to satisfy the needs of growing populations and economies, they are 
increasingly aware that the demand for water can be curbed through proactive water 
conservation policies, which often turn out cheaper than new water supply schemes. 
A projected transfer from Sweden to Denmark across the Strait of Sund was aban-
doned after Copenhagen drastically reduced its domestic water consumption. In the 
UK, the regulator Ofwat banned water transfers from the north to the London area 
until water conservation measures were implemented to reduce leakage. In southern 
Italy, the Aquedotto Pugliese looked at the option of importing water from Albania 
across the Otrante Strait. But water conservation policies made this project unneces-
sary, as well as other, smaller and IBTs. 

 There are a number of benefi ts associated with water conservation: containing 
demand avoids or postpones huge capital costs associated with the expansion of 
water supply and waste water treatment infrastructure. A number of studies have 
shown that reducing water demand through active water conservation measures can 
be much cheaper than mobilising new conventional or non-conventional resources. 
In California, a study by the Pacifi c Institute estimated that more than 25 % of exist-
ing water use could be saved at a cost below the marginal cost of water supply 
(Gleick et al.  2003 ). Similar results were found in southern France (Rinaudo et al. 
 2010 ). 

 Three main control levers can be used to promote urban water conservation. The 
fi rst one consists of imposing minimum technical (or economic) water effi ciency 
standards that water utilities need to comply with. This particularly applies to water 
distribution networks, which are still often characterised by high rates of leakage. 
Leakage can be reduced by setting up a technical and managerial organisation that 
allows for real-time detection of pipe bursts or leakage and rapid repair. It also 
requires increasing the replacement rate of old pipes, which can entail huge costs, 
especially if maintenance has been deferred for many years. Different regulatory 
approaches can be selected. France for instance has opted for the defi nition of maxi-
mum admissible rates of leakage based on technical criteria such as the number of 
customers per pipe kilometre (regulation of 27 Jan 2012). A different approach is 
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implemented in the UK where water companies are required to calculate an eco-
nomically optimal level of leakage (ELL), which is such that the marginal cost of 
reducing leakages equals the marginal cost of mobilising new resources. 

 The second tool consists of economic incentives to promote the adoption of 
water-effi cient technologies. Two types of incentives have been widely used in the 
USA and more recently in Australia: price rebates, and water conservation oriented 
water rates. Rebate policies aim at encouraging the purchase of water-effi cient 
appliances (e.g. AAA clothes washing machines, timers for garden sprinklers) or 
retrofi tting of old ineffi cient appliances (toilets). Rebates can target domestic, com-
mercial, or industrial users. European countries are making tentative attempts at 
using them. Pilot projects have been implemented in the UK (Waterwise  2009 ), 
Spain (Shirley-Smith et al.  2008 ), and in some French counties (Corrèze, Gironde) 
through distribution of free or subsidised faucet aerators or ‘water hippos’ (bag-like 
devices that fi t in the water cistern and reduce the volume of water fl ushed). 

 Water conservation oriented rates have also been used to promote the wise use of 
water. Pricing tools are intended to simultaneously change water use behaviour 
(reduction of wastage) and promote the adoption of water-effi cient appliances, fi x-
tures, and fi ttings. The most frequently used tariffs are increasing block rates and 
seasonal rates. A number of studies have demonstrated the potential savings that can 
be achieved through such tariffs (Rinaudo et al.  2012 ). More complex budget-based 
rates are also becoming more popular in south-western states of the US. This 
approach consists of rates that are tailored to the situation of individual customers. 9  
In Europe, this rate budgeting is not frequent, but some water companies in England 
propose variable tariffs, with either high fi xed parts and low volumetric prices (for 
customers who have regular water uses) or low fi xed parts and high volumetric ones 
(for people who may have low consumption but some peaks). 

 The third lever consists of raising customer awareness of water scarcity through 
information campaigns. This lever is often considered as a catalyst for and used in 
conjunction with technical and incentive-based measures. A few econometric stud-
ies have shown that they can, for instance, signifi cantly enhance the effectiveness of 
water pricing measures (Kenney et al.  2008 ). 

 Water conservation may also generate signifi cant benefi ts related to energy sav-
ings. In the residential sector, these benefi ts may outweigh the cost of installed 
devices such as low fl ow shower-heads or high effi ciency washing machines and 
dishwashers.  

9   A water budget rate is an increasing block rate structure in which the block defi nition is different 
for each customer, based on an effi cient level of water use by that customer (Mayer et al. 2008, 
quoted in Beecher  2012 ). 
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3.3     Economic Comparison of IBTs with Alternative Solutions 

 In developed countries, water utilities are increasingly compelled by regulators to 
justify that the investment decisions they make are economically sound. This often 
implies conducting cost-effectiveness or benefi t–cost analyses 10  to compare various 
water supply and demand management options. Inter-basin transfer projects must 
be compared not only to ‘soft’ water conservation measures (Gleick  2003 ) but also 
to alternative ‘hard’ water supply options, including desalination and waste water 
reuse. The economic comparison of alternative water management options is cur-
rent practice in the US, where least-cost and benefi t–cost analyses generally make 
up a full chapter of urban water management plans. It is also increasingly used in 
Europe, partly because the Water Framework directive requires it, but also because 
national regulators like Ofwat and the Environmental Agency in the UK (EA  2011 ) 
have made it compulsory. Many case studies have shown that water conservation 
measures and the use of non-conventional resources can be much cheaper than 
long-distance and large-scale inter-basin transfers. They might not, however, always 
be suffi cient to bridge the increasing gap between demand and supply in regions 
confronted with rapid demographic and economic growth. This is now illustrated 
through references to several international situations. 

3.3.1     Results of Economic Assessment in Selected Examples 

 In the UK, a systematic cost-effectiveness analysis of water supply and water 
demand management options is carried out for all water resources management 
plans (WRMPs) prepared by water companies, according to guidelines developed 
by Ofwat and the Environmental Agency. The EA states that the WRMP assess-
ments have demonstrated that large-scale transfers of water to the south of England 
from Wales or the north of England would be more expensive than other options 
available to meet current forecast demand (Environment Agency of England and 
Wales  2011 ). 

 In the Spanish Catalonia region, Pouget et al. ( 2012 ) conducted a cost- 
effectiveness analysis to compare various adaptation strategies. Their study shows 

10   The cost-effectiveness approach consists in calculating the average annual cost of each cubic 
meter saved (or mobilised) with a set of water supply and water conservation measures. Annual 
costs are calculated by spreading investment costs over a duration corresponding to the technical 
lifespan of the project and adding recurring operational and maintenance costs. Diminishing effec-
tiveness (in terms of volumes saved) can be accounted for in the calculation if relevant. The ben-
efi t–cost approach consists in estimating the costs and benefi ts of a set of water conservation 
measures that can be ranked and prioritised on the basis of a benefi t–cost ratio. This approach has 
been widely used in the US, in particular because it was incorporated in software packages such as 
IWR-MAIN developed by the Army Corps of Engineers, or the Least Cost Planning Demand 
Management Decision Support System developed by Maddaus (Maddaus and Maddaus  2004 ). 
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that long-distance inter-basin transfer (bringing water from the Rhône in France to 
Barcelona) would cost up to fi ve times more (€0.5/m 3 ) than water conservation in 
agriculture (modernisation of irrigation systems) or implementing seasonal tariffs 
(€0.1/m 3 ). Other water supply measures were also found to be less expensive than 
large inter-basin transfer projects, e.g. managed aquifer recharge (€0.25/m 3 ), 
improvements in the quality of currently polluted water resources (€0.25/m 3 ), and 
water reuse projects (€0.3/m 3 ). However, in the long term these measures would 
not be suffi cient to bridge the gap between future water demand and available 
resources, as the latter would decline due to climate change. The mobilisation of 
new resources, through a transfer from the Rhône or desalination (the option which 
Barcelona ultimately chose), would thus be necessary. In our opinion, many stud-
ies of water demands are based on unquestioned optimistic demographic and eco-
nomic growth forecasts, and this was indeed the case for the Barcelona water 
transfer justifi cation. 

 Examples can also be found in Australia. Table  8.1  below emphasises the rele-
vance of water saving measures in the Australian Canberra area.

3.4         IBTs Versus More Gradualist Adaptable Solutions 

 Due to the one-off nature and very long lifespan of IBT infrastructure, its design 
calls for a forecast of the long-term demand in the receiving basin and the long-term 
water resources availability in the donor basin. However, over the last decade we 
have seen how large are the uncertainties attached to demand and supply fi gures, 
and how diffi cult it is to forecast them accurately. Climate change in particular 
makes it diffi cult to predict the amount of water which will be available in both the 
receiving basin (local resources) and the basin of origin. New water infrastructure 
must be able to meet a large range of changing conditions. In that context, some 
authors recommend avoiding the use of large infl exible infrastructure which can’t 
adapt to changing climatic or economic conditions (Hallegate  2009 ). Instead, they 

   Table 8.1    Levelised costs by water management options for the Canberra area (Turner and White 
 2003 )   

 Option 
 Savings in 2023 
(10 3  m 3 /a)  Present value cost (M$) 

 Levelised cost 
($/m 3 ) 

 Water conservation  12,500  45.2  0.30 
 Source substitution  6,000  308.5  4.50 
 Source augmentation:  1.45 
   New Cotter Dam  3,700  55.6  1.34 
   Tennent  3,700  77.4  1.87 
   Tantagara  3,700  47  1.14 

8 Inter-Basin Transfers as a Supply Option: The End of an Era?



188

recommend adopting a gradualist strategy, reducing the time horizon for decisions 
and adapting management strategies as the situation unfolds. Such fl exible 
approaches necessarily involve a combination of various infrastructure solutions 
(storage, transfer, recycling) and soft adaptation strategies (demand management). 

 In some countries, these recommendations have already been transferred into 
regulations. These impose an approach which combines infrastructure development 
with water conservation and recycling. This is the case for instance in California, 
England, and Wales. Moreover, cities which depend heavily on imported water sup-
plies tend to invest in multiple alternatives so as to reduce their vulnerability to 
interruption of their major resource. This is true for cities subject to earthquakes, 
like Marseille in France or in California. The solution consists in developing local 
resources (groundwater in Marseille, the Encina desalination plant in San Diego) 
and implementing water demand management approaches (including setting the 
water price at the potential marginal cost in case a new supply is built).  

3.5     Energy Considerations 

 Since IBT projects often require moving large quantities of water over long dis-
tances and signifi cant elevation differences, they are high energy-consuming water 
supply options. For instance, the energy used by the California State Water Project 
(SWP) to transfer water from north to south California represents about 2–3 % of all 
electricity consumed in the state. This is equivalent to approximately one-third of 
the total average household energy use in the region (Cohen et al.  2004 ). With this 
perspective, non-conventional water supply options such as desalination of brackish 
water or reuse may be competitive in terms of energy requirements. For example, 
the water recycling system constructed in Orange County, southern California, uses 
only half the energy required to import water from Northern California with the 
SWP (Cohen et al.  2004 ). In a context of increasing concern over energy issues, the 
high energy requirements of IBT are likely to reduce their attractiveness against 
other technological solutions.   

4      IBTs in a Changing Socio-Political Context 

 IBTs trigger many questions from communities affected. These questions involve a 
variety of issues including environmental impacts on donor and receiving river 
basins, the economic impact on donor regions, impact on local cultures and liveli-
hoods, how costs and benefi ts are distributed (social justice), and issues related to 
public participation (Gupta and van der Zaag  2008 ). 
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4.1     A Growing Concern for Environmental 
and  Socio- Economic Impacts of IBTs 

4.1.1     Environmental Concerns 

 There is a growing awareness that IBTs can generate signifi cant environmental 
impacts on donor and receiving basins. In the donor region, reduction of in-stream 
fl ow may endanger aquatic ecosystems through reduced fl ows, which results in 
increased temperature and reduced dilution of pollutant loads discharged to rivers. 
Receiving regions can also be impacted by the infl ow of imported water. Ecosystems 
or species can be perturbed by changes in the hydrological regime of the receiving 
river, or by its quality. There are examples where an IBT has favored undesirable 
migration of species from one basin to another and even of invasive alien species. 
IBTs also modify hydrological regimes, reduce fl ow variability, and can cause a 
seasonal river to become a perennial river. Several examples in South Africa and the 
USA are quoted in Gupta and van der Zaag ( 2008 ). 

 Fears of environmental impacts do not always rely on strong scientifi c evi-
dence. For instance, the Aqua Domitia IBT project (southern France) is strongly 
opposed by citizens and environmentalists who fear that receiving rivers could 
be contaminated by PCBs (polychlorobyphenyls) and even radioactive waste 
leaking into the donor river (the Rhône). Although water quality analyses appar-
ently show that there is no such risk, opponents clearly do not trust the informa-
tion provided to them and instead advocate the precautionary principle 
(Commission Nationale du Débat Public  2012 ). 

 The environmental impact of IBTs not only restricts the possibilities of con-
structing new infrastructure, it may also threaten existing ones. In California, the 
capacity of the Central Valley Project, which transfers water from the Sacramento 
River to the San Joachim Valley, was reduced by 11 % as a consequence of the 
Central Valley Improvement Act of 1992. The re-allocation of 985 million m 3  to 
in-stream fl ow was intended to regenerate salmon runs. Also in California, the 
Hetch Hetchy aqueduct to San Francisco was strongly contested at the time of its 
construction by John Muir, a prominent environmental activist. The pipeline, which 
captures water from the reservoir on the Tuolumne River in Yosemite National Park, 
is still a source of controversy today and environmentalists continue to request its 
removal (Ghassemi and White  2007 , pp. 219–220). 

 The environmental constraint on IBTs has also been growing due to the recent 
evolution of water laws and regulations. In the California Central Valley example, 
the decision to reallocate water to the aquatic environment was a direct consequence 
of the Endangered Species Act (1973). In Europe, the Water Framework Directive 
is also likely to restrict IBT possibilities, as it strengthens requirements for mini-
mum in- stream fl ows.  
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4.1.2     Increased Hostility from Donor Regions 

 In the basin of origin, a loss of water can be perceived as a risk for long-term eco-
nomic prosperity and quality of life. Communities located in donor basins feel that 
IBTs unfairly direct economic development away from them, for the benefi t of 
predatory metropolitan areas. As a US stakeholder put it: “when you ship water 
across the state, you ship jobs as well, for economic development cannot occur 
without suffi cient water supplies”. 11  

 This potential harm has caused most inter-basin transfer proposals to be contro-
versial, often pitting cities benefi ting from the transfer against donor rural areas. 
Confl icts over IBTs are increasingly reported in both developed and developing 
countries (Cox  1999 ). For instance, in 1966 the city of Mexico started to extract and 
transfer groundwater from the Ixtlahuaca valley, 50 km outside the city. Groundwater 
tables rapidly declined, depriving the local population from access to a water 
resource used for drinking water and agricultural irrigation. This generated a strong 
confl ict in the 1970s and 1980s, even threatening the physical integrity of the aque-
duct (water robberies and direct attacks) and ultimately led to army intervention 
(Dyrnes and Vatn  2005 ). 

 Confl icts over water transfers may oppose counties, regions, or states. For 
instance, the Atlanta metropolitan area (Georgia, USA) planned to purchase and 
transfer water from Tennessee to meet increasing demand. The State of Tennessee 
opposed the transfer by passing an Interbasin Transfer Act of 2000 (Carver et al. 
 2011 ). Atlanta considered other long-distance transfers from two lakes in northern 
Georgia and from southern Georgia aquifers, but these projects were abandoned as 
too politically charged. Currently, the city of Atlanta is investigating more local 
solutions that only involve transfers from one district to another. But these projects 
too are highly controversial. 

 This led certain countries or states to tightly regulate transfers to avoid third- 
party effects. Indeed, in 1996 the water code of California included fi ve articles on 
‘wheeling’, which, among others, protects the rights of third parties impaired by 
transfers.  

4.1.3     The Political Dimension of IBTs 

 Due to mounting opposition from parts of society, water transfers are increasingly 
debated in regional, state, or federal political arenas and can even infl uence the out-
come of elections. There are a number of examples showing that political parties can 
place an IBT as a key issue on their political agenda prior to elections. In Western 
Australia for instance, the construction of the Kimberley scheme designed to supply 
the Perth metropolitan area was strongly supported by the Liberal–National coalition 

11   Comment by Ron Cross, posted on 21 March 2010 at:  http://onlineathens.com/stories/032110/
opi_593391532.shtml 
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during the 2005 election campaign, whereas the Labor Party favored desalination 
(Ghassemi and White  2007 ). In Spain, the conservative Aznar government actively 
supported a National Hydrological Plan during the 2004 elections. At the same time, 
the European Commission issued two ‘reasoned opinions’ criticising the lack of 
appropriate environmental impact and economic evaluation studies. The surprising 
victory of Aznar’s socialist opponent Zapatero allowed the new premier to shelve the 
huge IBT and launch a desalination plan instead. 

 As a result, in many non-authoritarian countries only intra-regional transfers can 
still be implemented, using the regional solidarity argument. In France for instance, 
a few transfers have still been developed: in the Reunion Island (Indian Ocean) 
between west and east, in Provence Verdon-St Cassien (SCP); in Languedoc a 
regional water transfer called Aqua Domitia is being considered by the regional 
bulk water supply company BRL, but it is hotly debated (see below).   

4.2     Increased Public Participation Favors Opposition to IBTs 

 Legislation in many countries now requires that consultation with people likely to 
be affected is carried out before a decision is taken on an IBT. Public consultation 
may lead to signifi cant changes in the design of the IBT project (its route or size) or 
in the amount of compensation granted to donor regions; it may even lead to a dif-
ferent option or cancellation of the project. 

 In France for instance, all IBTs above 1 m 3 /s are subject to a public hearing pro-
cess. The consultation is organised by an independent state agency, the Commission 
du Débat Public, which nominates a magistrate in charge of organising the public 
consultation. The objective of the Commission is to ensure a fair debate, during 
which the voices and arguments of proponents and opponents to the project can be 
equally heard. At the end of the consultation, the Commission does not provide 
recommendations related to the project, it only summarises in the most impartial 
way the views expressed during the consultation. The contracting authority in 
charge of the IBT project must then prepare a report explaining how it has consid-
ered the arguments raised in the debate and present the decision it has made. The 
whole process ensures maximum transparency in how the decision was taken. 
Public consultation can represent a signifi cant fi nancial and political cost for the 
promoters of IBTs. 

 We illustrate this with the case of the proposed Aqua Domitia IBT project, in 
southern France. This project consists of extending an existing canal – the Lamour 
Canal – which diverts water from the Rhône River to supply the Languedoc coastal 
area. Designed and constructed in the 1960s, the Lamour Canal’s main function is 
to promote development of a diversifi ed irrigated agriculture and the supply of 
water to coastal tourist resorts. Later on, cities such as Nimes and Montpellier 
hooked into the pipeline to substitute or complement local resources. The canal is 
owned by the regional government and operated by BRL, a large semi-public 
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 engineering company. The Aqua Domitia Project aims to extend the canal to the 
west, with the construction of a 2.5 m 3 /s capacity pipeline 130 km long at a total cost 
of €280 million. The pipeline would interlink three main coastal basins (Hérault, 
Orb, Aude) and supply cities, tourist resorts, and about 7,000 ha of irrigated agricul-
ture. Although the agricultural component of the project is marginal (in terms of 
expected revenues from water sales), the promoters of the project have strongly 
emphasised this aspect in order to gain political support from rural areas and the 
agricultural community. 

 The public consultation consisted of three main phases: the Commission fi rst 
heard from 92 experts and stakeholders to identify the main issues to be debated; it 
then organised a series of 13 public meetings in different sub-basins impacted by the 
project. Five of these meetings focused on thematic issues 12  and six meetings were 
held to allow all inhabitants to express local views of the problems and identify how 
an IBT might address these problems. All meetings were fi lmed and could be fol-
lowed through the internet. A web site was established to collect comments and 
suggestions. Stakeholders were offered the option to write position papers which 
were disseminated by the Commission (Commission Nationale du Débat Public 
 2012 ). The debate mobilised experts from water management institutions of the ter-
ritories concerned by the project and from associations representing environmental 
protection. Very few lay citizens participated to the meetings, in spite of an intensive 
communication campaign organised through various media. 

 The main arguments raised by opponents were the following. The assumptions 
underlying future water demand forecasts were contested and considered to be 
biased in favor of the project. The IBT would encourage the development of unsus-
tainable water demand from business activities, housing development, and high liv-
ing standards. The quality of Rhône water was considered as a source of risk for 
receiving basins, in particular due to the presence of heavy industries (chemical, 
nuclear) upstream of the IBT intake. Alternative cheaper solutions, such as using 
local groundwater resources and implementing water conservation measures, were 
considered to be not suffi ciently well investigated. 

 The public consultation is complicating the decision making process for 
regional elected politicians and engineers of the water company. First, it adds a 
signifi cant cost (about €1.2 million). Second, it offers a platform for opponent to 
express their views. Third, it weakens the legitimacy of the project if they decide 
to implement at the end of the consultation; project leaders had to admit that the 
lack of suffi cient existing demand implied the need for public subsidies to fund 
what would become a regional water grid, which would in turn ‘reveal unspoken 
demands’.  

12   The fi ve thematic issues were the following: (1) the IBT project and urban/economic water 
demand; (2) the IBT project and irrigated agriculture; (3) IBT and climate change; (4) IBT and 
alternative solutions; (5) the cost of the project and its impact on water pricing. 
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4.3     Reduced Public Funding 

 IBTs are very costly projects which cannot be fully fi nanced by urban water con-
sumers, unless the water price is raised above what engineers and politicians con-
sider to be the maximum acceptable in social and political terms. Their construction 
thus relies on subsidies. A strategy to attract subsidies has often been to develop 
multipurpose IBT projects, supplying urban areas, agriculture, industries, and occa-
sionally providing power generation. In Australia, water transfers supply cities and 
the mining industry. In France, many recent projects have been marketed as com-
bined urban and agricultural projects – in order to obtain European subsidies from 
the EU agricultural policy and to obtain political support from the agricultural lobby 
(which is much more proactive than urban water users). In the present economic 
crisis, fi nancing projects through an increase in consumer water bills might be con-
sidered neither socially acceptable nor politically feasible.  

4.4     Why Do IBTs Remain So Attractive? 

 In the western US, the development of new IBT projects is no longer favored 
because of their high cost compared to alternative solutions and their environ-
mental and social impacts. Water planners increasingly rely on water conserva-
tion programs, water trading (purchase from irrigation districts), desalination, 
and waste water recycling. Conversely, IBTs are still considered by engineers 
and politicians in a number of European countries (e.g. France, Spain) but also in 
developing countries. What can explain the preference for multi-million euro 
water schemes when cheaper water demand management alternatives exist? 
Analysing the interests at stake for the different actors involved in such decisions 
can help answer this question. A preference for large scale expensive infrastruc-
ture projects can be said to refl ect the existence of powerful coalitions between 
politicians, engineers, and fi nancial actors who wish to protect political and eco-
nomic interests. 

 From a political perspective, the choice of an inter-basin transfer solution is 
likely to yield signifi cant benefi ts for locally elected representatives. When sup-
porting an IBT project, they typically appear as “providers of a life-giving resource 
that enhances health, security and prosperity” (Gumbo and van der Zaag  2002 ). 
Since such large projects are often subsided by government agencies or interna-
tional donors in developed countries, they can also claim to have attracted exter-
nal funds to support the development of the regional economy, in particular in the 
case of multi-purpose projects supplying agriculture, industry, and the population. 
Leaving their personal mark in local historical records can be an additional 
motive: there are plenty of canals and pipelines around the world that bear the 
name of the local politician who initiated the project. By contrast, water demand 
management programs are perceived as constraints on the population, so there is 
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little benefi t for politicians to support this type of action. It is much more comfort-
able for a politician to be seen as fi nding ways to meet people’s water demand 
rather than trying to change their behavior and infringe on their freedom to con-
sume what they consider a basic good. Moreover, because the money spent on 
water conservation programs does not materialise as a tangible asset, it may be 
perceived as a less effi cient use of public funds than the construction of a pipeline. 
However, in the end, large hydraulic schemes bring more benefi ts to governments 
in search of legitimacy than to their countries’ economies (Allan  2002 ; Molle and 
Berkoff  2009 ). 

 From a technical perspective, engineers in charge of urban water schemes may 
prefer to build a water supply infrastructure than implement demand management 
because the infrastructure gives a prompt and long lasting solution to the water defi -
cit problem. By contrast, investing in water conservation is considered more risky 
since the behavior of water users might change unexpectedly in the future. Technical 
staff are thus reluctant to engage in a strategy which does not allow them to certify 
that demand will be satisfi ed under all future circumstances. They may feel that 
accepting this risk undermines their professional legitimacy. Moreover, engineers 
tend to prefer large one-shot projects that they eventually can claim prowess for than 
immerse themselves in demand management projects, which may require many 
small and technically diverse engineering inputs, the involvement of non- engineering 
technicians such as economists (design of water conservation oriented rates), and 
communication specialists (awareness raising campaigns). The latter somehow 
implies losing control over a water system that they have been accustomed to oper-
ate by themselves. 

 From an economic perspective, politicians and managers alike generally prefer 
projects entailing high initial investment costs; these can be subsidised, whereas 
operation and maintenance costs are not eligible for public subsidies. This is a strat-
egy that allows water prices to be kept at a lower level, with obvious political ben-
efi ts. Also, engineering fi rms have a strong interest in supply-oriented options such 
as IBTs, which generate signifi cant work and can be added to their list of technical 
references. Large scale projects may also be favored by fi nancial actors, such as 
banks and international donors, because it allows them to meet their lending objec-
tives. In some nations, individuals can obtain personal benefi ts (bribes) by support-
ing the construction of infrastructure (Davis  2004 ). 

 The existence of a powerful coalition supporting IBTs against a preferable alter-
native option is nicely illustrated in a case study conducted in the city of Mutare, 
Zimbabwe (Gumbo and van der Zaag  2002 ). The study showed that the choice of 
the pipeline option allowed the political and economic interests of the three main 
actors to align. Similar conclusions can be reached in a case study of Mexico City’s 
water supply (Dyrnes and Vatn  2005 ). These authors conclude that the IBT solution 
was preferred to unpopular regulation and water conservation policies because it 
represented a relatively quick solution, popular with public opinion and Mexico 
City authorities.   
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5     Looking Ahead: Using Existing IBTs 
for Reallocating Water  

 For the different reasons set out in the previous section, fewer large IBT schemes are 
expected to be constructed in the twenty-fi rst century than in the previous one. 
Moreover, it is likely that in the future existing IBT schemes will be used to increase 
fl exibility in water allocation over space and time. As conjunctive use management 
approaches gain support, IBTs will be operated in conjunction with aquifer storage 
and recovery schemes. It is also likely that IBTs will support the development of 
emerging water markets, particularly during drought years. 

5.1     IBT and Aquifer Storage and Recovery (ASR) 

 Because most IBTs have been sized to meet demand during drought years, their 
capacity is not fully used in normal and wet years, producing a signifi cant cost bur-
den. One solution to improve the fi nancial sustainability of these schemes consists in 
using the excess capacity in normal years to store water in depleted aquifers. Artifi cial 
recharge can be performed during wet years, using infi ltration ponds or deep injec-
tion wells. Stored water is then extracted in dry years when surface water is scarce 
and the full IBT capacity used. Conjunctive management improves water supply 
reliability. This strategy, referred to as conjunctive management, combines the use of 
a transport and a storage infrastructure to bridge the gap between water demands and 
available resources over time. Such conjunctive management is already implemented 
in Arizona, where Colorado water transferred with the Central Arizona Project is 
used for recharging groundwater in the region of Phoenix and Tucson. 13  Similarly, 
water from the California State Water Project is also used to recharge groundwater in 
the central valley (Kern county, 14  Santa Clara valley). The combine use of IBTs and 
ASR however requires that a specifi c institutional framework – water banking – be 
developed for tracking water rights and ensuring that users storing excess imported 
water during some years can retrieve it during drought years.  

5.2     From Pipeline to Grid 

 While engineers and fi nanciers will probably move away from large IBTs in the 
coming decades, existing projects are likely to continue to develop into water grids 
at the regional level. Here again, the rationale leading to the development of grids 

13   See Central Arizona Project website at:  http://www.cap-az.com/index.php/departments/
recharge-program 
14   See Water Association Kern County website at  http://www.wakc.com/index.php/water- overview/
sources-of-water/87-water-banking 
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is to increase the fl exibility of supply over time and space through physically link-
ing production and storage infrastructures. Grids enable water to be moved in sev-
eral directions – from where it is available to where it is required. The best historical 
case of a regional water grid is California, where water can be moved from north 
to south through the State Water Project in the central valley, and via other IBTs 
from east to west, including the Colorado transfer. It is only after a suffi cient num-
ber of links came into being that it was possible to imagine water trading. We have 
already pointed out that the potential third-party impacts, which add to the cost of 
transfers, usually limit the volumes exchanged (e.g. the IID in San Diego, see 
below). 

 Australian cities responded to the 10-year long recent drought by developing such 
grids. The Queensland government is spending A$ 9 billion on a South East 
Queensland water grid, consisting of 450 km of pipelines, two new dams, a desalina-
tion plant, and three advanced water treatment plants to deliver 350 million m 3 /year 
additional water. It also includes greater reliance on recycled water. A similar project 
in the State of Victoria consists of creating another such grid, with six major links 
under construction. The project includes new water transfers such as the Sugarloaf 
Interconnector that would take water to Melbourne from the Goulburn River, a tribu-
tary of the water-stressed River Murray (Pittock et al.  2009 ). 

 In the UK, the Environmental Agency of England and Wales recognises that 
there may be further opportunities for developing greater linkages between existing 
water company systems, and for sharing of water resources to gain some of the 
same benefi ts expected of large-scale transfers (Environment Agency England and 
Wales  2011 ). However, a projected national water grid was shelved by the national 
regulator which instead pushed for conservation and leak control.  

5.3     Water Transfer Infrastructures and Trading in a Mature 
Water Economy 

 In recent years, large-scale water transfer infrastructure has increasingly been used 
for reallocating water from some water right holders to others, based on voluntary 
agreements. IBTs can therefore support the development of water trading, which 
can in theory ensure improved water effi ciency, particularly during drought condi-
tions. Examples come mainly from the western states of the USA, Australia, and, 
more marginally, Spain. 

 In Southern California, the Imperial Irrigation District (IID) is the ‘fi rst in time’ 
and largest water right holder in the Colorado basin (3.2 billion m 3  out of the 5.4 
billion allocated to California). IID receives its water from the All American Canal 
(constructed in 1942) and distributes it to farmers through unlined distribution 
canals, where signifi cant water losses occur. In the late 1980s, IID was compelled 
by the US Bureau of Reclamation to improve the technical effi ciency of water use 
through lining distribution canals. Water conservation potential was estimated at 
about 400 million m 3 . IID was then approached by the Metropolitan Water District 
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of Southern California (MWD) who was interested in providing support for the lin-
ing, and recovering and transferring part of the water conserved. An agreement was 
signed between MWD and IID in 1989 for a 35-year term. After implementing 
conservation projects, IID reduced its water abstraction from the Colorado River at 
Imperial Dam, while MWD increased its pumping from the Colorado at Parker 
Dam and transferred the water to the Los Angeles area, using the 380 km long 
Colorado River Aqueduct. Later on, San Diego came into the re-allocation game, 
and requested a direct transfer of IID water for its own use (Pincetl  2012 ). 

 In 2003, after being accused of not using water effi ciently, and under threat of the 
California Water Resources Board to get its huge share reduced, IID signed another 
transfer agreement with the San Diego County Water Authority (SDCWA), by which 
they agreed to transfer annually 247 million m 3  of conserved water for a term of 75 
years. IID implemented additional water conservation measures at the farm level, 
and with other projects the volume of transferred water progressively increased so as 
to reach a maximum after 10 years. However, even though the SDCWA had gone 
through this lengthy process to acquire more independence vis-à-vis MWD (whose 
rival Los Angeles interests superseded), it turned out that the best economic solution 
was to use existing MWD aqueducts to re-allocate regional water and divert it to San 
Diego and to another irrigation district (which held senior rights on the water). 
Moreover, the environmental movement was also able to make sure that some of the 
water would help maintain the level of the Salton Sea (a saline lake between IID and 
San Diego which is an important stop on bird migration routes) (Pincetl  2012 ). 

 In Spain, two large IBTs, which were primarily constructed to meet growing 
urban and agricultural water demands in coastal areas, are now being used for trans-
ferring water based on voluntary exchanges between right holders. The fi rst case is 
the Tagus–Segura IBT through which intensive fruit and vegetable growers in the 
Segura basin purchase water from more extensive farmers in the Tagus basin. The 
second is the Negratin–Almanzora connecting the upper Guadalquivir basin to the 
Andalucian coastal basins. This 120 km long pipeline was recently used to transfer 
water purchased by an Almanzora drinking water company in Andalucía to rice 
growers in the Guadalquivir delta (Garrido et al.  2013 ). 

 IBT infrastructure can also facilitate the development of option contracts between 
agricultural users and urban areas. In a typical option contract, an urban agency 
pays an option premium for the right to purchase water at some point in the future, 
if climate turns out to be dry. Option contracts do not imply the transfer of  ownership, 
so right-holders retain access to the water allotment when the option is not exer-
cised. This type of agreement was established in California in about 1994. In 2003, 
the MWD and Paolo Verde irrigation district signed an option agreement with a 
35-year term by which MWD can call on from 25,000 to 110,000 acre-feet (31–135 
million m 3 ) each year. The irrigation district receives a one-time fee of $3,170 for 
each acre participating in the program and $600 for each acre that is fallowed during 
the program. There were 15 such contracts signed between 2003 and 2008 in 
California (Hansen et al.  2008 ; Tomkins and Weber  2010 ). Overall, option contracts 
represent effi cient risk management instruments and they offer new perspectives for 
using existing IBT infrastructure.   
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6     Conclusion 

 Large hydraulic projects have underlain the success of ancient civilizations, and 
they are part of humankind’s water culture. However, most of them have been 
confi ned to a single river-basin. The aqueducts of the Roman Empire are a nota-
ble exception, and it remains fascinating that the Romans spent so much effort to 
build such impressive and long-lasting hydraulic architecture, but then, in the 
end, to transfer so little water. It would be interesting to link this with the econ-
omy of the time, e.g. looking at the slavery factor. In our capitalist economy, the 
value of labor and the depreciation of capital over time make such projects 
impossible to fi nance. And because water is heavy, hydraulic infrastructure usu-
ally comprises specifi c assets with high investment costs and slow technical 
depreciation. 

 Yet in order to provide clean water to cities, the idea resurfaced of transferring 
water over long distances, an idea that returned in the classical period and rose 
during the nineteenth and twentieth centuries. Additionally, the invention of the 
steam engine, of sealed pipe junctions, and also of tight-closing faucets, made it 
possible to raise water or build siphons and develop IBTs at an unprecedented 
scale. 

 However, at the turn of the twentieth century, water treatment was invented. This 
allowed a reduction in the initial investment cost by increasing operation and main-
tenance costs. In turn, this new engineering based on water treatment and sanitation 
made it possible to extract water from nearby surface water; it made urban water 
much more a local affair, and shifted the burden of fi nance from the state or rich 
entrepreneurs to the customers. From that point on, control of water volumes 
became essential, and this did not favor large IBTs, where the bigger the fl ow, the 
smaller the marginal cost. 

 Paradoxically, IBTs still fared very well in the colonies, and later in developing 
nation-states, for intensive agriculture: the motto after WW2 was multipurpose 
water projects for global economic development, meaning that industrial and urban 
water users would indirectly subsidise agriculture. But as soon as environmental 
impacts were translated into dollars, and the global economy became less confi dent 
in the future (thus increasing interest rates), many IBTs were weakened. Their 
future would have been better assured if they had been re-integrated into some 
regional water resources management scheme, perhaps associated with the conjunc-
tive use of ground water and surface water. Large IBTs have been frequently associ-
ated with the power of upper layers of government, especially centralised ones. At 
a time when multi-level governance is on the global agenda, it becomes diffi cult to 
believe that transferring large quantities of water suffi ces to improve humankind’s 
welfare: it has to be combined with less conventional technologies and other insti-
tutional designs.     
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    Chapter 9   
 Three Engineering Paradigms in the Historical 
Development of Water Services: More, Better 
and Cheaper Water to European Cities 

             Bernard     Barraqué    

1            Introduction 

 Paris is now a major metropolis, but unfortunately the Seine has become too small 
for it! This is not an isolated case: many large European cities experience a shortage 
of water for drinking, and also stormwater problems due to sealed surfaces. Some 
cities have been led to stop relying on technology only (pipes and water/sewage 
works), and have reconsidered the traditional separation between water manage-
ment and land use planning. Indeed, over the twentieth century in Europe, the devel-
opment of water transport and treatment technologies has allowed authorities to 
separate water services from water resources, as well as from urban policies and 
budgets. Increasingly, however, increased interference of large metropolises with 
nature has forced planners to refl ect on ‘urban water’: the protection of nearby water 
resources, will reduce the cost of transporting and treating drinking water. Similarly, 
sewage treatment plants reduce the time and space needed to purify waste water, but 
stormwater perturbates the processes, or overfl ows directly into rivers; so it is better 
to treat stormwater before it enters the sewers. However, this implies a serious revi-
sion of urban design and planning. 

 Reticulated water systems expanded slowly on both sides of the Atlantic until 
WWI; afterwards, connections to drinking water systems were generalised in devel-
oped countries, but not in developing ones. Similarly, in the nineteenth century sew-
erage was basic, often limited to drainage, with most houses on cesspools or privies. 
But, over the course of the twentieth century, the richest western European States, 
the USA, and Australia managed to universalise these services, whereas in develop-
ing countries this did not quite happen. The difference was due not just to the 
wealth of industrialised countries, nor to technical developments or differences in 

        B.     Barraqué    (*) 
  Centre International de Recherches sur l’Environnement et le Développement ,   Paris ,  France   
 e-mail: bernard.barraque@agroparistech.fr  

mailto:bernard.barraque@agroparistech.fr


202

 demography or fi nancial systems; it was also due to differences in engineering cul-
tures and in how the job was allocated between local, regional, and national bodies 
(Barraqué et al.  2008 ). In this chapter we can only sketch how these various factors 
combined. Over the last century and a half, we can identify three socio-technical 
systems, and we treat these under the perspectives of civil engineering (Sect.  2 ), 
sanitary engineering (Sect.  3 ), and environmental engineering (Sect.  4 ). Indeed, the 
fi rst two approaches were developed in Europe partly as answers to sustainability 
crises, and they enlarged the freedom of cities to access water resources. However, 
there are now signs of a new crisis which might make water services unsustainable: 
a downwards spiral could occur, due in part to the low acceptability of the ‘full cost 
recovery’ doctrine and subsequent prices increases. It is increasingly admitted that 
land-use based policies might settle what technology cannot do any more, and this 
is why the separation we mentioned between water services and water resources has 
become increasingly blurred. After making comparisons, we draw conclusions on 
the role of capacity building at the local level, but also on the need for multi-level 
and integrated governance of both water resources and water services.  

2      The Paradigm of Water Quantity 

 In the nineteenth century, even before the Ebert, Koch, and Pasteur discoveries were 
popularised, hygienists and engineers promoted the idea of abundant running water 
to ‘wash the city clean’. The mastering of pipes, taps, and welding led to the devel-
opment of water systems and a multiplication of public fountains (Goubert  1986 ). 
Some engineers and industry leaders, notably in England, thought they could pro-
vide water services right into buildings by drawing water from nearby rivers or 
wells and using either hydropowered pumps, or, if they could afford it, newly 
invented steam engines. In some countries, pumping the alluvial aquifer was found 
more convenient. Other countries decided to get safer water from natural sources far 
from the cities. Some small cities developed gravity systems using water from 
upstream catchments. A few large cities, with the fi nancial and institutional support 
of governments, built long-distance aqueducts. Even before 1850, New York and 
Madrid, for example, used such aqueducts to satisfy their thirst for water. Not long 
after, French engineer Belgrand supplemented the pumping stations that provided 
Paris with river water, with water from several distant sources (around 100 km), all 
at a higher elevation than the city. In 1859 Glasgow obtained water from a highlands 
lake 55 km away (Maver  2000 ). 

 Obtaining a water right or a concession on distant water sources required the 
legal intervention of national governments, who had sovereignty over water 
resources and their allocation (and this was the origin of the ‘statutory water com-
panies’ in England: they were private, but had a protected concession and a monop-
oly for distribution). This led to a  de facto  government involvement in water supply; 
however, the high costs limited the number of aqueducts. Most cities went on taking 
water from local wells and nearby rivers (Guillerme  1988 ), and in Britain this choice 
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was supported by the development of slow fi ltration. Begun as an experiment in 
Chelsea earlier in the nineteenth century, fi ltration was imposed on all water com-
panies in London after the cholera outbreak of 1848. 

 Conversely, Paris chose long distance aqueducts: prefect Haussmann and engi-
neer Belgrand thought fi ltration was not fully safe, and they decided to ‘go like the 
Romans’. Thanks to clever hydraulic works, including siphons, Paris could get dis-
tant and clean spring water at low energy cost (Cebron de Lisle  1991 ). However, 
central government involvement remained limited to the capital until WWII. After 
the great crisis of the 1930s, States’ intervention in the economy became more 
acceptable. In Mediterranean Europe, central government involvement was shaped 
through large hydraulic projects, in particular during authoritarian periods before or 
after World War II (Italy, Spain, and Portugal). Indirectly, this would lead to subsi-
dised water supplies, keeping water cheap and affordable. 

 At fi rst, distribution systems were developed mostly to serving fi re hydrants, 
street-cleaning outlets, and public fountains, the latter supporting the traditional 
idea that people should have free access to water resources for their domestic needs. 
Paying for water was limited to paying the water vendor, and the cesspool empty-
ing; and the notion of free water was supported by almost absent operating costs 
(apart from cases where there were energy costs related to pumping). Most of the 
expense came from installation of the infrastructure, which was paid for by public 
money or by the elites. 

2.1     The Failure of Private Concessions in Europe 

 However, late in the nineteenth century, private companies sprung up whose pur-
pose was, for a payment, to bring piped water to private residences, including con-
dominiums. In many cities of the time, authorities considered this a luxury, and they 
did not want to get involved. In France, they granted concessions to these compa-
nies, who often were required to deliver water at no cost to fountains and to the 
public, with their profi t coming from subscribers to ‘private’ water (Pezon  2000 ). 
Companies were left to themselves to produce and distribute water, having to solve 
several technological problems (leak control, metering, etc.). These initial ventures 
usually lacked both enough capital and political support to be able to take the risk 
and universalise the service. The initial model of the concession in turn engendered 
mistrust between companies and the populace (e.g. Glasgow, Newcastle, Berlin, 
and several cities in France). At the end of nineteenth century confl ict grew when 
municipalities became convinced that water supply was not a luxury, but a funda-
mental public health issue. If operators took water from nearby rivers, it was of poor 
quality, but there were few options for getting it from a distance because of the 
fi nancial and legal obstacles. Concession contracts were rigid and the ‘price cap 
rule’ crystallised growing confl icts between municipalities willing to expand the 
service to new and eventually poorer areas, and companies which were afraid of 
losing money. In most cases, it was the municipalities which set up complete water 
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supply systems, after reclaiming operations in favour of public corporations. It was 
thanks to new treatment technologies that they managed to fi nd local solutions. This 
new public model, developed in England after the well known example of 
Birmingham, fl ourished in France at the expense of initial concessions, and it was 
the rule in Germany. In Portugal, the government took over the water supply of 
Lisbon, and a similar thing happened in Turkey with Istanbul’s supply. 

 Turning now to waste water, heavy investments were made on urban drainage, 
which led to the adoption of combined sewers (fi rst in London). For public health 
reasons it was necessary for everybody to be connected. To achieve this usually 
required public procurement, with the role of private companies being limited to 
construction phases. Once access to water (i.e. the quantity problem) was broadly 
achieved, the concepts of high water quality and hygiene immediately became more 
important.  

2.2     State Involvement and Large Hydraulic Schemes in Other 
Continents 

 Our hypothesis is that this civil engineering paradigm remained more dominant in 
the New World, and was extended to the Third World after World War II. The main 
factors were the co-occurrence of abundant water resources, international fi nancing 
institutions offering cheap money, and various forms of support for national govern-
ments’ intervention in multipurpose infrastructure provision (keynesian or social-
ist). The American federal government’s involvement in large, multipurpose 
hydraulics during the fi rst half of the twentieth century  showed the way (Tennessee 
Valley Authority, Mississippi, Colorado–California), while many Anglo-Saxon 
experts also became convinced that local governments were ineffective in providing 
public services (e.g. in Britain, see Saunders  1983 ). In Brazil, for instance, an 
authoritarian government created a public water company in each state (Companhia 
Estadual de Saneamento Básico (CESB)), pushing local authorities to sign conces-
sion contracts with them. Initially these CESBs managed to extend the areas served 
by water supply, but for the sake of profi tability, they increasingly chose to privilege 
dams and water transfers for global economic development rather than extend the 
distribution pipes in cities. Sewerage was clearly lagging behind, and sewage treat-
ment remained almost nonexistent until the 1990s.   

3      The Paradigm of Water Treatment 

 At the end of nineteenth century, industrialisation and urbanisation in north-west 
Europe led to a quicker crisis of the ‘civil engineering era’ than in the new world. 
As cities grew, water needs increased, and taking more water from further away 
generated confl icts with communities deprived of their local resources. This was the 
case for the long-distance aqueducts taking water to Paris, those transporting water 
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from the Durance to Marseille, and those proposed to take water from Wales to 
London. In addition, because of their quest for more autonomy and decentralisation, 
cities eventually became reluctant to depend on legal and fi nancial support from 
central governments. In Paris, a 30-year debate started in 1890 about building a 
450 km aqueduct from Lake Geneva which, it was claimed, would solve all the 
city’s water quantity problems forever (Duvillard and Badois  1900 ). Opponents of 
the scheme pointed to the geopolitical risks and the heavy costs, which made it 
impractical compared to smaller and closer projects like the Avre river 100 km 
away). 

 Then, following a trend set in England, local public services emerged in an atmo-
sphere of decentralisation and the rise of what could be termed ‘municipalism’ 
(rather than the more dramatic French wording ‘municipal socialism’ and the deri-
sory ‘water and gas socialism’ of the UK). Indeed, the welfare state and the involve-
ment of central governments in the economy were anticipated by at least two 
generations of municipal welfare policy in England, followed by other cities in 
north-west Europe. With the emergence of a middle class and a qualifi ed working 
class came the savings banks, institutions which could provide loans at cheap rates 
for local welfare purposes. Municipal bonds were attractive to the public, and gov-
ernments would also subsidise projects. Together, direct management and cheap 
money allowed water supplies and sewerage systems to spread. Since operating 
costs were still modest in Britain at that early stage, the idea prevailed that water 
services should be covered by local taxes, i.e. by rates proportional to the rental 
value of houses and of industrial premises. This not only provided funds for the 
initial installation, but provided cheaper water to the poorer people, eventually 
played a signifi cant role in the acceptance of domestic supply as the norm. 

 In Britain, however, water was not overabundant, and many cities had to take it 
from rivers. Some form of purifi cation was therefore needed, and fi ltration was 
invented. In this way, thanks to sanitary engineering innovations, the overall prob-
lem of water quantity could be fi xed by improving water quality. In Germany, 
groundwater was usually preferred when it was available, but in case not, cities 
would take water from the alluvial aquifers through the river banks. This natural 
fi ltration would eventually support local water management. 

3.1     Drinking Water Plants and Sewage Treatment Plants 
in Europe 1  

 Once it became known in the 1880s that water contamination by bacteria was a 
major cause of disease, even distant and pure water would eventually need to be 
treated. So sanitary engineering supplemented civil engineering and overcame 
shortages in the quantity of water available. Because medical cures for waterborne 

1   The history of drinking water treatment technologies largely remains to be written. For Paris, see 
Gaillard-Butruille ( n.d. ); for sewerage works see Boutin ( 1986 ). 
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diseases were not readily to hand in the mid nineteenth century, the issue was trans-
ferred to the sanitary engineers who supported water fi ltration and later added, 
around World War I, disinfection or chemical treatment (chlorine, ozone, ultravio-
let, activated carbon). At that stage, taking water from just upstream of cities had 
economies of scale, and was a good return on investment. The Lake Geneva to Paris 
project was discarded after World War I for geostrategic reasons, but it had already 
become superfl uous after the inauguration, in 1902, of a slow fi ltration plant at Ivry, 
operating with Seine water just upstream from Paris. Filtration won the day follow-
ing a typhoid epidemic in 1899, which was attributed to the contamination of the 
Loing springs, reputedly the furthest and supposedly cleanest water source for the 
city. 

 However, water treatment created a serious rise in operating costs, which were 
better understood and accepted by both the public and city councils than investment 
costs. Hence the idea arose that water services could be at least partly covered by 
bills. This was an important change for the public, and charges were initially limited 
to cover only operation and maintenance. Slowly however, delivery of water directly 
to homes changed its status from a luxury good to a commodity, and made water 
billing normal. In Paris, for instance, metering and billing by volume slowly 
replaced former subscriptions based on permanent fl ows feeding cisterns (Chatzis 
 2006 ). In Europe, only Britain and the Republic of Ireland retained, until the end of 
the twentieth century, the ancient charging system based on rateable housing value. 

 Using billing to cover an ever-larger fraction of costs increased the self-fi nancing 
capacity of water services and improved their sustainability. In the 1960s, many 
continental countries decided to include sewerage charges in drinking water bills so 
as to facilitate cost recovery, despite the compulsory character of sewer connections 
(the cost of which were then normally covered by local taxes). Sewage treatment, 
and even collection, thereby became a commercial service. Eventually, increased 
self-fi nancing capacity reinforced the legitimacy of local authorities as providers, 
or at least as organisers of the services. But in order to achieve economies of scale, 
it was often necessary to join forces with neighbouring communes. This is how 
Dutch communes (700 in 1950) have progressively consolidated their water sup-
plies into only ten drinking water companies, which they fully own together with 
the 12 provinces. Central governments usually allowed and indeed supported the 
creation of joint municipal boards in order to bring the institutional, technical, and 
management scales closer together. Back in the early twentieth century, the German 
Empire created a state water company to mutualise the costs of providing water to 
a vast urban area around Stuttgart. Concerned municipalities recovered full control 
of the company after WW2, but kept it going. With its myriad of small communes, 
France has become the foremost country for joint boards and delegations to private 
companies (Pezon and Canneva  2009 ), companies which have mastered water and 
waste water treatment technologies, but also the metering and billing part of this 
business. 

 This innovation in water and wastewater treatment has in turn supported the 
development of new territories and of new relationships between politics and 
 expertise, between elected representatives and engineers. In several countries, 
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 citizens pay a water bill to a private company which is owned by a joint board of 
municipalities, sometimes involving a regional level institution (Barraqué  1995 ; 
Barraqué and Isnard  2014 ). The counterpart to this is that the relationship between 
water services, urban planning, and environmental management is usually weak: 
elected offi cials and urban planners always assume that water engineers ‘will fol-
low’, and water engineers anticipate population growth and per capita increases 
with additional supply side solutions. However, at the end of the twentieth century 
such an approach led to new shortcomings.  

3.2     Technological Shortcomings 

 In developed countries, the supply-side approach, combining the solutions of civil 
and sanitary engineering, ends up in a crisis, because it becomes too costly. Until 
recently, ‘infrastructure’ was hidden from the public action agenda: it offered more 
freedom to urbanites, as it saved time and space, and largely served plots of built or 
buildable land (i.e. landowners), thus increasing land rents which provided political 
legitimacy. City aldermen and elected representatives were competent on issues like 
valorisation (or devalorisation) of urban land, but they did not know much about 
water systems. At the same time, early sanitary engineers were convinced that pub-
lic health urgently required water systems, in particular waste water collection and 
drainage, to evacuate the growing fl ows of contaminated water (Barles  1995 ). As it 
happened, they preferred to locate them under the streets, i.e. in public space. The 
choice of the  tout-à-l’égout  in Paris is typical (Dupuy and Knaebel  1982 ). Eventually, 
people became ignorant of the importance of these systems: ‘out of sight, out of 
mind’ and ‘nimbyism’ characterise the public’s attitude, and they are at odds with a 
conservation attitude (Melosi  1981 ). Operators had no interaction with the public 
and with demand side problems: they just had to match the demand with more or 
less invisible infrastructure and that was it. But the impact on water costs and prices 
eventually brought infrastructure back on the public agenda.  

3.3     Water Prices Bound to Increase 

 Charging for waste water collection and treatment in water bills (as was decided in 
Germany and France in the 1960s) led to water prices more than doubling. 
Additionally, in the same period, water supply itself became a mature business, i.e. 
it had to face the issue of renewing ageing infrastructure without receiving any more 
subsidies. We hypothesise that European municipalism had to adapt in various 
ways, but chiefl y through turning to legal private status 2 ; in this way it could 

2   Turning to private status does not mean privatisation: in many countries, municipalities or water 
districts are allowed to set up private companies which they fully own. In France this only became 
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 depreciate assets and make provision for renewals, which is diffi cult under public 
accounting. But allowing for depreciation and provisioning meant another rise in 
water bills. The result today is that an increasing number of large water users (indus-
try, services) either quit the public service system, invest in eco-effi cient technolo-
gies, or fi x their leaks. This explains the recent stagnation, and even decrease, in 
volumes sold (Barbier  2000 ; Barraqué et al.  2011 ). In some countries, domestic 
consumers too have reduced their demand, through changing fi xtures, altering gar-
den design, using rain tanks, or accessing alternative sources of water for non-drink-
ing uses. 3   The problem is that, ultimately, this reduction in demand worsens the 
already fragile fi nancial balance of collective services. Unit prices go up, explaining 
why in the most advanced countries waste water collection and treatment represent 
more than half the total water bill. 

 In addition, water suppliers have diffi culty in complying with drinking water 
standards (DWSs) at reasonable cost. In developed countries, drinking water criteria 
set out in legislation often side with the traditional “no-risk” strategy regardless of 
economic considerations. Ironically, the multiplication of criteria is slowly making 
the situation too complex: chlorination by-products give cancer (Okun  1996 ), for 
example. There are many other examples, especially the emerging issue of micro- 
pollutants. The media now report that a growing proportion of people receive non- 
complying water, even though, over the long term, treatment quality is improving. 
To lower the risk of being unable to achieve the standards, water suppliers, and 
local, national, and European authorities, are turning to a new policy: water resources 
protection. This strategy is part of what is called environmental engineering.   

4      The Third Paradigm of Sustainable Water 

 In the third paradigm, technology alone is insuffi cient to solve all urban water prob-
lems, and both demand management and territorial policies are needed. Under this 
scenario, the sustainability of the European model – strong local legitimacy and 
high quality standards, and allowing for high cost recovery in the face of heavy 
investment – could soon be under challenge. Once everybody is connected, how is 
it possible to maintain, in the long run, good service quality at an affordable cost, if 
full cost recovery 4  is required and investments are no longer subsidised? This is 
indeed the challenge with the Water Framework Directive of the European Union 
(2000/60/EC of 23 October 2000): water users should pay for the water services 

possible in 2010, and it is one of the reasons why cities often keep a private operator under various 
delegation formulas. 
3   See Chap.  7  by Rinaudo et al., this volume, on the development of domestic boreholes in France 
and Australia. 
4   Full cost recovery includes operation and maintenance costs, plus a fair share of depreciation of 
invested capital, plus environmental costs (environmental impacts which are not internalised), and 
even users’ costs including the impacts of resource scarcity and opportunity cost on water value. 
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they are rendered, and should support the cost of keeping the aquatic environment 
clean. If this were implemented, the resulting ‘full cost pricing’ would be much 
more expensive than present day prices. 

4.1     Environmental Engineering as Part of the Third Paradigm 

 Deriving from American sanitary engineering, environmental engineering aims to 
protect not only populations from negative environmental factors, but also global 
and local environments from potentially dangerous human activities. Of course, 
understanding natural processes is an important issue, but programs also focus on 
urban issues and technical systems (Barraqué  1993 ). The common characteristic of 
the two fi rst paradigms is a focus on supply-side solutions, while environmental 
approaches have to consider the ‘demand side’. However, this does not imply fi nd-
ing market-type solutions (i.e. solutions involving pricing), because in the long run 
infrastructure represents fi xed and heavy costs that constrain supply and demand. 
Sometimes causes interact with effects in feedback loops, provoking exponential 
outcomes. For example, an increase in water price is supposed to foster conserva-
tion, but if water consumption decreases, utilities receive less income. Since they 
are mandated to balance costs and revenues, they are obliged to increase prices; this 
in turn may lead to some water users to ‘exit’ the system. These are what are called 
‘network effects’. 

 With our modern ‘systemic’ eyes, we can see how the previous ‘municipalist’ 
model needs to be corrected with new, land-use based solutions. Sewer systems are 
designed so big in order to accommodate large volumes of stormwater, because 
planning regulations seldom include limitations on surface sealing. Additionally 
stormwater detention tanks and on-site infi ltration areas reduce stormwater fl ows to 
treatment plants, thereby reducing the size of supporting infrastructure and making 
the plants’ operation more effi cient (because the sewage is now more concentrated). 
Similarly with drinking water, where its provision to urban areas is now reaching a 
diseconomy of scale, ‘demand side’ management offers solutions to the problem 
(e.g., the rise of non-conventional water uses such as rainwater harvesting for gar-
den use, and land-use control at catchment level) – both help reduce the cost of 
water quantity/quality issues. Increasingly, in Germany, The Netherlands, and to a 
lesser degree in Denmark and France, utilities or their organising authorities sign 
cooperative agreements with farmers (Brouwer et al.  2003 ) so as to obtain raw water 
of better quality (through a reduction in the use of fertilisers and pesticides and 
compensation for corresponding losses in revenue). This policy has been criticised 
by some economists and ecologists, who argue that the polluters, and not the vic-
tims, should be the payers. Other economists (and lawyers) simply acknowledge 
that what they term ‘payment for environmental services’ is an effi cient policy, and 
probably the most acceptable, at least during the ‘social learning’ phase (Salzman 
 2005 ). 
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 Turning now to the internal governance of utilities, this leads us to redefi ne the 
very notion of ‘operator’. If supply and demand constantly interact, this blurs the 
traditional separation between supply-side and engineers on the one hand, and 
demand-side and elected representatives on the other. A direct link between opera-
tors and the public is required, so as to escape from coarse, linear, and overoptimis-
tic projections of demand. This is all the more important that drinking water demand 
has started to decline in central city areas for the fi rst time since the inception of 
public services (Barraqué et al.  2011 ). Water services operators need to understand 
what citizens do with water, if only to better anticipate the potential evolution of 
demand. Real time information technology can support this new water business: 
‘going beyond the (smart) meter’, so as to give advice to customers and at least help 
them fi x their leaks. Beyond the refi ning of demand analysis, one can motivate users 
of the system to use water more effi ciently and alleviate negative network effects. 
This implies a signifi cant change in governance: the new grid-based systems opera-
tor needs to consider a complex mix of people and institutions, and the networks 
effects can only be mastered when interactions are taken into account. When a 
growing number of institutions jointly provide water services and manage water 
resources, information sharing becomes crucial to success.  

4.2     The Case of the Paris Region 

 As with any large metropolis, Paris offers a very complex institutional situation. 
Communes are responsible for water services, but they cannot do it alone anymore. 
For historical reasons, Paris and its 2.2 million people has its own water services, 
and relies for half its needs upon distant springs, with the other half coming from 
abstraction points in rivers. Suburban communes are almost all part of large joint 
boards (the largest one, SEDIF, serves 4 million inhabitants in around 150 com-
munes), an arrangement which rationalises their services: the joint boards benefi t 
from economies of scale, with large plants to treat surface water; and the joining of 
several local authorities gives their councillors a better balance of power with pri-
vate operators. 

 Since water supply in the suburbs of Paris relies heavily on rivers, and due to the 
dramatic increase in population, three upstream reservoirs totalling 700 million m 3  
capacity had to be built after 1958 to sustain supplies during the low fl ows of sum-
mer 5 : Seine, Marne and Aube reservoirs. The fi rst one (called Lac d’Orient) was 
built with central government funding taking advantage of a major fl ood in the 

5   Initially, four small reservoirs were constructed: Crescent (in 1931), Chaumençon (1934), 
Champaubert-aux-Bois (1938), and Pannecière-Chaumard (1949), but they were not suffi cient to 
mitigate Seine fl oods and droughts. The largest, Pannecière-Chaumard, stored only 80 million m 3 ; 
so three additional larger reservoirs were constructed: Lac d’Orient (1966), Lac du Der (1974), 
Reservoir Aube (1990). 
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winter of 1952. 6  The next two were funded by Agence de l’eau Seine Normandie 
using levies paid by water abstractors. The new burden of responsibility of water 
users to fund dam construction caused a project for an additional reservoir to be 
discarded. 7   This turned out to be a good choice, since drinking water demand is 
now on a slight but steady decline. Clearly, the major issue remains drinking water 
quality, and since part of the treatment plants are now within the urbanised area, the 
big metropolis has an interest in better protecting surface water resources (from 
upstream cities, agriculture, and industry) and groundwater (from agriculture). Paris 
city has developed some cooperative agreements with farmers in the feeding areas 
of its springs. It also recently reclaimed its drinking water management fully into 
the public domain, to have better control on the whole drinking water chain; and 
other cities in the suburbs are considering this too. Indeed, the most important out-
come of this renewed public–private debate is the realisation that there are now 
more than 15 drinking water plants serving the metropolis, on top of Belgrand’s 
aqueducts. It is clear that a rationalisation is possible, eventually through the cre-
ation of some sort of regional water production body. This illustrates the need to 
re-consider technological solutions in line and simultaneously with the adoption of 
new territorial governance schemes. 

 The situation concerning sewage collection and treatment is even more complex. 
The initial scheme at the end of nineteenth century was to collect all waste water, 
and some rainfall runoff, and convey it downstream (in combined sewers at the 
time), where it was spread on sewage farms. Large interceptors were built and oper-
ated by central government staff at the  département  (county) level. But with the 
growth of the city, there was not enough space, and sewerage works with biological 
treatment were built in Achères just before World War II. Stormwater would over-
fl ow directly in the river, under the misapprehension that rainwater overfl ow was 
clean. This was a typical ‘second paradigm’ approach. 

 However, with the rise of environmental concerns, it was found that Achères, the 
second largest sewage works in the world, had a severe environmental impact on the 
Seine down to the estuary because there was not enough on-site space to fully 
remove or stabilise pollutants. In addition, stormwater was found to be heavily pol-
luted: the post-war choice of separate sewers forced engineers to admit this fact. 
After several years of intense debate between the many stakeholders involved, it 
was fi nally decided to break the ‘linear’ scheme of engineer Belgrand: taking in 
water upstream and discharging it all downstream. The construction of modern and 
innovative sewage works upstream of Paris (in Valenton), and the enlargement of 
some smaller sewage works on Seine tributaries, will reduce waste water arriving in 

6   Which means it was decided on the basis of fl oods and funded with government grants, while it 
was needed mainly for scarcity reasons. The next ones were rightly funded by the Agence de l’eau, 
on the basis of water needs, not fl oods. 
7   The additional reservoir was planned by mayor J. Chirac and his experts, but was abandoned 
because of cost (in addition, the water supply companies said they had to purify the water anyway 
and the probability of having a major drought was very low). Furthermore, Paris water demand 
went down by 16 % between 1990 and 1998 (Cambon-Grau  2000 ). Following a brief pause, 
demand has again started to decline; today consumption is almost 30 % less than in 1991. 
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Achères by 30 %, which will allow better treatment. Increasingly, stormwater is 
being collected and stored in reservoirs or artifi cial ponds before reaching sewers. 
At times of peak fl ow, water is sent for treatment either to the sewage works or to a 
couple of special treatment plants. In the outer suburbs, municipalities now grant 
building permits only under ‘no additional discharge’ rules. All this illustrates a 
transition to the third paradigm. 

 The resulting institutional arrangements are quite complex: suburban communes 
are in charge of street sewers and (eventually) on-site storage, while the three 
 départements  of the inner ring around the city of Paris are in charge of larger inter-
ceptors and of stormwater control policy (in particular, separate stormwater sew-
ers). Together with Paris city, they have formed SIAAP (Syndicat Interdépartemental 
d’Assainissement de l’Agglomération Parisienne), an inter-county board running 
the largest interceptors and all the sewage treatment plants. In the outer ring, there 
are some inter-communal joint boards which operate at the level of catchments of 
small tributaries, and which combine sewage collection and treatment with protec-
tion of the aquatic environment. Projects also benefi t from the fi nancial support of 
the Agence de l’eau, on the condition that they reduce environmental impacts. This 
implies an unprecedented need for multilevel governance, and it is a very sensitive 
issue in the region and in the country. The  agences de l’eau  get their income from 
water and sewer bills, but since ‘people don’t buy the rain’, the  agences  cannot fund 
stormwater control projects unless it can be proved that quantity management has a 
positive impact on water quality. At the same time, communes do not receive much 
encouragement to reduce runoff from their territory by adopting constraints on pub-
lic or private spaces. 

 It is now clear that the new water services policy needs to turn towards demand 
management, and we argue that this means developing citizen participation. Indeed, 
several institutions like the SIAAP, the city of Paris, and some suburban  départe-
mental  councils have recently set up consultative bodies to share information with 
citizens and NGOs. This opens up water operations and investment budgets to pub-
lic supervision. However high urban densities mean there is little opportunity for 
citizens to act directly to improve the water–land relationship; there are some ‘eco- 
neighbourhood’ projects but they will probably only stimulate ‘eco-imagination’, 
since they will remain more limited in number and scope than in Berlin.   

5     Conclusion 

 In Europe, urban water services used to be able to run independently of how water 
resources were allocated, thanks to technological innovations in water works and 
sewage treatment plants. Today it has become preferable to combine technology 
with land-use based solutions to make water services more sustainable, rather than 
just rely upon technological solutions. The EU Water Framework Directive pro-
poses to derive water policy fi rst from the recovery and protection of the aquatic 
environment. For water users and public water services this implies returning to a 
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situation where there is active participation in water resources management. A new 
awareness of the limits of urban technology also means extending the services to 
new areas, but with alternative technologies, e.g. with decentralised sewerage sys-
tems (in most rural areas, and in low density suburbs, it is economically impractical 
to connect everybody to a sewer). Advances in soil biology mean that septic tanks, 
if properly operated, can work better than small treatment plants. Even more strik-
ing today is the decision of some ecologically-minded cities to stop extending their 
water systems and to set up decentralised drinking water services on the outskirts. 
What we need to invent is a service in between the costly traditional centralised 
networked system and the fully self-reliant rural scheme. 8   Even for water supply, 
there are a lot of fl exible, alternative (non-conventional) technologies that could be 
safely used if operated under an appropriate institutional set up (e.g. the new water 
services policy in the Stockholm archipelago). The biggest technological challenge 
is to better defi ne the limits of centralised and decentralised water service technolo-
gies. The fi rst paradigm has in particular to be questioned, since it is mobilising 
water but frequently fails to deliver it to domestic users. In many emerging countries 
like Brazil, as in some European countries, historical centralisation and government 
support of large hydraulic projects has made it more diffi cult to separate water ser-
vices provision and water resources mobilization, resulting today in a crisis due to 
water resources contamination and even competition between electricity and water 
services (São Paulo and Rio de Janeiro). The irony is that people could now say, 
“water, water everywhere, and not a drop to drink!”. 

 In the early twentieth century, water services were under the responsibility of 
local authorities. In Western Europe, they were part of local welfare through what is 
termed municipalism (including other local public services). Even though upper 
levels of government would intervene in support of local policies, there was little 
top-down centralisation; instead, there was frequent bottom-up concentration (e.g. 
joint boards). Conversely, in Brazil for instance, water policy was long dominated 
by the infl uential hydro-power sector. In addition, agricultural conversion, starting 
in the 1960s, with no land reform, led to an intense rural to urban migration of very 
poor people, while local authorities were weak and unprepared. During the military- 
dominated period starting in 1964, water services were centralised at the level of the 
states: a program named PLANASA met with initial success in extending water 
services, but failed to modernise services up to European standards. In Brazil, water 
use by the elites and the middle class is now higher per capita than in Europe, but 
the quality of services is lower and is kept low by a lack of self-funding capacity. 
Because the poor cannot afford to pay higher prices, the price of water services is 
low, and so the service remains below par. It seems that the fi rst paradigm of civil 
engineering – to mobilise water resources for economic development – remained 
dominant, and was not suffi ciently supplanted by the sanitary engineering 
paradigm. 

8   France has created the option of SPANC (service public de l’assainissement non collectif) in areas 
that, under the EU Urban Wastewater Directive, are specifi cally designed with no sewers. 
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 Some European countries are still in an intermediate position between the two 
fi rst paradigms. Portugal and Spain had authoritarian governments until 1974/75, 
and they ended up with water services which lagged behind, with public funding 
and United States aid focussed on large hydraulic projects developed for the sake of 
hydroelectricity and irrigated agriculture (Pato  2008 ). Joining the EU allowed for 
some decentralisation, and more recently they developed cooperation between cen-
tral, regional, and local governments, allowing for an improvement of urban water 
services. In Brazil there is a debate on decentralisation, but it reveals more confron-
tation than co-operation between levels of government. 

 Our analysis leads us to think that the centralisation/decentralisation issue is 
more important than the public/private debate. Indeed, a striking institutional evolu-
tion in continental Europe is voluntary concentration of services at a supra-local 
level of government. In Great Britain, regionalisation and abolition of local authori-
ties’ control took place 15 years before privatisation (Saunders  1983 ), but both 
remain very controversial (Bakker  2003 ). Few people know that in The Netherlands 
only ten water supply companies remain, and less than 24 water boards (in charge 
of large sewers and sewage works). In Belgium, a strong concentration process has 
led to some sort of water services regionalisation. In Italy, communal water services 
have been merged into new integrated boards (water and sewer) organised at the 
level of ATOs (optimal territories), which usually correspond to the provinces. In 
Portugal, the government encourages communes to join large mixed boards where 
the national water company holds half the shares and communes have the other half. 
In Germany, the tradition of integrated municipal enterprise (serving water, gas, 
electricity, and public transport, plus other services here and there) is still strong, but 
shares of capital are increasingly exchanged with public–private companies operat-
ing at regional or national level (typically electricity). Many of these examples illus-
trate that the real challenge is to develop intergovernmental cooperation. 

 The resulting picture is often blurred: in developed countries there is good tap 
water, but people have been brought up to ignore just about everything about their 
services, so they almost never make the distinction between water resources and 
water from the tap. Conversely, in developing countries part of the population has to 
rely on untreated water. Unfortunately, in the global debate about privatisation, 
there is a tendency to confl ate water resources and water services. In both developed 
and developing countries, people advocate, for the sake of fi ghting globalisation and 
related privatisation, that water should be public and free for the poor. This will not 
help establish sustainable fi nancial management! 

 In addition, in large metropolitan areas around the world, water resources, water 
services, and other services like electricity have to be integrated, and they require 
intergovernmental solutions and public participation. One can point here again to 
the examples of Sao Paulo and Rio de Janeiro. 

 The expression “three engineering paradigms for the water industry” should not 
be understood as the next paradigm sequentially replacing the previous one: each 
brings cumulative innovations, which add more degrees of freedom to the services, 
but also new technology/territory articulations. Some projected dams and water 
transfers are still necessary and sustainable. And cities will go on needing potable 
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water and sewage works. But new land use based solutions, requesting new and 
interdisciplinary approaches, will help. A comparative analysis helps develop a 
clear vision of what is at stake in water services provision today. There is a need for 
what in the social sciences are called ‘hybrid forums’, where stakeholders are con-
fronted with scientifi c or technical issues and can build alternative or innovative 
‘advocacy coalitions’ which can lead to more sustainable water policies (Sabatier 
 1993 ). We therefore advocate a broad interdisciplinarity in environmental engineer-
ing. Perhaps the most important thing is to give engineers a socio-economic and 
institutional culture for their actions, something that can help them see the conse-
quences of a new motto: integrated and participatory water management.     
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Chapter 10
Investing in the Water Infrastructure 
of Tomorrow

David R. Marlow, David J. Beale, Stephen Cook, and Ashok Sharma

1  Introduction

Water is a key factor in urban sustainability (Schaffer and Vollmer 2010). In most 
modern cities, water services are currently delivered via networks of buried pipes 
that connect customers to treatment works and, ultimately, to sources of water and 
sinks for wastewater. These systems have predominantly been developed under a 
centralised model wherein the construction and maintenance of infrastructure has 
been undertaken on behalf of communities with the intention of delivering cheap and 
reliable water services (Brown et al. 2009). This infrastructure represents a signifi-
cant capital stock and future generations will inherit the lasting effect of our continu-
ing investment decisions (Marlow et al. 2010a). The urban water sector is, however, 
facing increasing pressures associated with climate change, a volatile global econ-
omy, increasing energy prices, heightened environmental awareness, and complex 
regulatory and social circumstances (Marlow et al. 2010b). Local factors vary con-
siderably, but the reality for many water service providers (WSPs) is that they must 
operate within constrained budgets, while being expected to deliver quality service at 
a low price. In such a business environment, it is important that WSPs develop strate-
gies that address growing uncertainty with respect to operational, environmental, 
social, and economic constraints (Blackmore and Plant 2008; Pearson et al. 2010). 
Adapting business thinking to cope with these emerging realities implies a transition 
to a new operating paradigm – that of sustainability (Marlow and Humphries 2009).
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The term sustainability is somewhat overused and vague. At a fundamental level, 
it merely implies the ability to continue to do something into the future. A focus on 
a long term view is thus always implicit within any use of ‘sustainability’, but after 
that, the word is used in a variety of ways. For example, Klostermann and Cramer 
(2006) suggested that for most respondents ‘sustainable’ is now a label for all issues 
and activities previously labelled ‘environmental’. Within the water sector, the term 
‘triple bottom line’ (TBL) is becoming widely used as a synonym for ‘sustainabil-
ity’ (e.g. Kenway et al. 2006). Advocates of the TBL concept argue that businesses 
can no longer focus on financial performance alone, and that business continuity 
requires appropriate attention to be given to social and environmental output mea-
sures (e.g. Elkington 1998). In a broader context, ‘sustainability’ often implies ‘sus-
tainable development’, a widely quoted definition of which was given in the 
Brundtland Commission report (WCED 1987).

Unfortunately, political expedience and business pressures often mean that the 
economy is given more focus than these broader interpretations of sustainability. To 
provide counter arguments to this tendency, simple conceptual models have been 
proposed that emphasise that the natural environment, by providing essential eco-
system services, supports all economic and other human activity (Porritt 2005). 
Urban infrastructure can be conceptualised both as a key part of the economy and as 
a way of linking society with broader economic activity, and it is thus useful to 
extend these illustrative models to highlight the role that infrastructure plays in 
broader sustainability issues, as shown in Fig. 10.1. Each of the levels shown in the 
figure is important from an anthropogenic perspective, but the health of the bio-
sphere is still ultimately an overriding and limiting factor.

From the perspective of this chapter, the reason for making the modification to 
the simple conceptual model shown in Fig. 10.1 is that while urban water infrastruc-
ture is crucial to the functioning of modern society, from the perspective of much of 
the community it provides services passively and automatically. As a result, in an 
analogous way to the biosphere, its role can also be undervalued and this in turn can 
lead to long-term underinvestment. Certainly, studies undertaken in the USA have 

Society

Infrastructure

Economy

Biosphere
Fig. 10.1 Infrastructure as a 
key element of broader 
sustainability issues
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highlighted that there is widespread deterioration of urban water infrastructure 
(Baird 2010; Copeland 2010), and the rating given in ASCE (2009) was D–, reflect-
ing a ‘poor’ rating, and only one grade higher than ‘inadequate/failing’. For many 
cities, the decay of urban infrastructure coincides with pressures from continued 
urban growth (Vlachos and Braga 2001). It is estimated that by 2050, the world will 
experience a doubling of the urban population to 6.2 billion, the implication being 
that there will need to be a doubling of urban capacity (i.e., housing, infrastructure, 
facilities) in the next 40 years. The World Bank has estimated global infrastructure 
investment needs will be US$35 trillion over the next 20 years, and the World 
Economic Forum’s Global Risks Report 2010 indicated that failure to adequately 
invest in, upgrade, and/or secure infrastructure networks is one of the biggest threats 
facing society (WEF 2012).

While the need for much of this investment is associated with future demands, 
problems with existing assets have come about because of poor asset management 
(Burn et al. 2007). A key aspect of asset management is to ensure sufficient invest-
ment is made to maintain and enhance system capacity, both through the provision 
of new assets and the maintenance and renewal of existing ones (whether built or 
natural components of urban water systems). Australia, as an early adopter of asset 
management principles, has seen an improvement in urban water infrastructure 
since 1999, when Engineers Australia scored these assets as C– (C being adequate), 
to the position reached in 2005 when this infrastructure was scored as B–, indicating 
that it was generally in good condition with minor changes needed to meet future 
demands. This rating was maintained in 2010. This improvement was achieved 
through greater investment in renewing pipe networks and improving treatment, 
even though the renewal of assets was still not keeping up with the rate of deteriora-
tion (Engineers Australia 1999/2005/2010).

While investment in infrastructure and improvements in management strategies 
directed through asset management can increase the carrying capacity of an urban 
water system (Brush 1975), the challenges facing the sector are broader than this. In 
particular, there is significant uncertainty concerning the impacts of climate change 
on the environments used for water supply and wastewater disposal, such that there 
is a significant risk of systemic failure should conditions deteriorate (Speers 2009). 
As such, the capacity of the urban water sector to respond to future uncertainties has 
been called into question (Vlachos and Braga 2001; Newman 2001; Ashley et al. 
2003; Pahl-Wostl 2007; Farrelly and Brown 2011; Brown et al. 2011). Alternative 
service provision paradigms have therefore been advocated as a means of meeting 
emerging challenges.

With these observations in mind, this chapter considers aspects of investment 
decision making couched in the context of sustainability, asset management, and 
integrated urban water management (IUWM) concepts. While it must be acknowl-
edged that asset management is sometimes considered to be solely concerned with 
existing assets, acquisition of new assets is conceptualised here as the initial stage 
of the asset management cycle. This can be justified by noting that a holistic ‘life 
cycle management’ approach is required for effective infrastructure provision over 
the long term (WERF 2009). The remainder of this chapter is presented in the fol-
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lowing manner. First, a brief overview of asset management and related investments 
is given, followed by a discussion of the hybridisation of infrastructure that is 
occurring through incremental investments in alternative technologies, a process 
which adds to the backbone of legacy infrastructure. Two case studies for invest-
ments made in Melbourne, Australia, are then presented; they illustrate the main 
components of decision support for investments in asset renewals and asset acquisi-
tions, which together contribute to the process of system hybridisation.

2  Sustainability-Based Asset Management

Formalised asset management is an emerging discipline which aims to provide sus-
tained services at a cost and level of risk that is acceptable to customers and other 
stakeholders, including regulators and investors. As noted in Sect. 1 and shown in 
Fig. 10.2 (WERF 2007), asset management is conceptualised here as a whole of life 
concept and thus involves a range of activities undertaken at different spatial and 
temporal scales (WERF 2009).

As suggested by Fig. 10.2, asset management is concerned with assuring that 
infrastructure capacity is maintained in the light of specified targets, although setting 
of these targets is not part of the asset management cycle per se. Instead, they are set 
in relation to the requirements of all relevant stakeholders and/or regulations. While 
such requirements can be narrowly scoped, they can also reflect the broader facets 
of sustainability discussed previously. This requires WSPs to adopt a TBL view of 
their business operations, giving more emphasis to environmental and community 
issues, and thereby contributing to societal aspirations for sustainable development 
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Assess Risk
and Prioritize
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Fig. 10.2 The asset management cycle
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(Marlow et al. 2010a, b). The decision to operate in this way is, however, effectively 
outside the scope of asset management. Nevertheless, if such sustainability objec-
tives are adopted, many related activities will be directed through asset manage-
ment. Certainly, asset management frameworks have, over time, transitioned so as to 
shift the focus away from a purely ‘asset-centric’ view to one that considers the 
generation of societal value through the provision of water services (Burn et al. 
2010). A definition that encapsulates the main features of this sustainability- based 
asset management is: “…the combination of management, financial, economic, 
engineering and other practices applied to assets with the objective of maximizing 
the value derived from an asset stock over the whole life cycle, within the context of 
delivering appropriate levels of service to customers, communities and the environ-
ment and at an acceptable level of risk” (Marlow and Burn 2008).

2.1  Investing in Infrastructure

Making timely investments to maintain and augment system capacity is a key goal 
of asset management. Investment is the act of incurring a cost in the expectation of 
receiving future benefits. Creation and maintenance of water infrastructure incurs 
costs and, in return, benefits are provided in the form of services intended to have a 
positive effect on the economy, society, and/or the environment. Investments are 
often characterised as being either operational (‘opex’) or capital expenditure 
(‘capex’). Accounting conventions allow expenditure to be charged to capex only if 
it creates an asset that will exist for more than one year (Kapelan et al. 2011). 
Effective asset management requires a focus on both kinds of expenditure. For 
example, expenditure on planned maintenance can ensure that the operational life of 
assets is extended, whereas a lack of such maintenance can lead to premature failure 
and require early asset replacement (WERF 2007).

In general, there are numerous and often competing investments that WSPs can 
make, so analysis is required to determine where investment must be made (e.g. to 
meet regulatory requirements or provide service to new developments) and, given 
sufficient budgets, which discretionary investments are worthwhile. From a strate-
gic asset management perspective, this process can be considered to be a ‘gap anal-
ysis’ undertaken with respect to the capabilities of existing infrastructure and 
assessed in the light of service targets, other performance requirements, and planned 
developments (WERF 2009). A shortfall in capabilities can be related to service 
and/or cost, and can be real (associated with historical problems or the need to pro-
vide infrastructure) or probabilistic (e.g. the risk of service failure is deemed unac-
ceptable). Once potential schemes for investment have been identified, the WSP 
must then identify feasible options and assess their relative worth.

Capital investments (i.e. involving capex) can be generally categorised as either 
asset renewal or asset acquisition. Asset renewal relates to the reinvestment in 
assets at the end of their life, which can involve either replacement or renovation 
(renovation implying that a capital investment is made to refurbish the existing asset 
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in some way). The end of an asset’s life can be reached in three distinct ways (WERF 
2009), as follows.

 1. End of physical life – an asset’s physical state is below some ‘acceptability 
threshold’, which may be defined in terms of an unacceptable risk of failure or 
some measure of structural condition, including dereliction.

 2. End of service/capacity life – an asset no longer provides required service due to 
changes in an asset’s operational context or because service standards change 
(e.g. a change in discharge consents).

 3. End of economic life – an asset ceases to be the lowest cost alternative to satisfy 
a specified level of performance or service level.

Asset acquisition can relate to greenfield (i.e., where there is no previous devel-
opment), infill (subdivision of existing developments or construction of higher den-
sity dwellings), or brownfield sites (where a previous development, generally 
industrial or commercial, has been demolished and new developments, usually resi-
dential, are being constructed), as well as involving retrofitting of new or modified 
technologies to existing assets. The WSP may be directly involved in the acquisi-
tion, or it may be undertaken by developers or private entities, potentially in the 
light of technical and other requirements specified by the WSP. The case studies at 
the end of this chapter provide insights into the type of analysis undertaken to sup-
port both kinds of investment decision.

3  Transitions in Infrastructure Systems

As noted in Sect. 1, many urban water systems have been assessed as being in a poor 
state due to insufficient investment in asset renewals and system augmentation. In 
addition, the capacity of the sector to respond to the needs of the future has also 
been questioned. Together, such factors have led various commentators to argue for 
a transition in both the approach to infrastructure provision and the type of solutions 
used (Newman 2001; Vlachos and Braga 2001; Ashley et al. 2003; Pahl-Wostl 
2007; Niemczynowicz 1999; Urich et al. 2011; Brown et al. 2009; Brown et al. 
2011; Farrelly and Brown 2011; Binney 2012). Calls for change have been under-
pinned by the emergence of new urban water management paradigms, such as 
IUWM (Coombes and Kuczera 2003; Mitchell 2006; Maheepala et al. 2010; Burn 
et al. 2012). IUWM seeks to address broader sustainability, liveability, and produc-
tivity objectives through a holistic approach to the urban water cycle. In practice, 
this includes a diversification of infrastructure to incorporate alternative technolo-
gies including desalination, rainwater and stormwater harvesting (for both potable 
and non-potable use), indirect potable reuse, sewer mining, decentralised treatment 
of sewage, greywater systems, and various classes of water recycling (Newman 
2001; Brown et al. 2008). As IUWM solutions are generally implemented and man-
aged within the context of legacy infrastructure, there are many technical, institu-
tional, regulatory, and social-acceptance challenges to overcome, such as those 
indicated in Table 10.1 (Pinkham 2004; Tjandraatmadja et al. 2009).
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One constraint in modifying the infrastructure used to supply water services is 
that investment planning cycles are relatively short (for example, 5 years or less 
depending on the governance regime and/or political cycle), which presents a chal-
lenge when attempting to adapt to longer term pressures (de Graff and van der 
Brugge 2010). Another is that widespread adoption of a specific technological solu-
tion leads to ‘lock-in’ effects. Such effects occur because of the long life of infra-
structure and the interdependence this creates between management and governance 
regimes. Lock-in effects are thus both institutional and technological (Foxon et al. 
2002). Arthur (1994) identified four aspects of competitive advantage that generate 
lock-in effects: (1) economies of scale (unit production costs decline as these as 
spread over increasing production volume), (2) learning effects (which improve 
products or reduce their cost), (3) adaptive expectations (users and producers 
become increasingly confident about quality, performance, and longevity of the cur-
rent technology), and (4) network economies (due to agents adopting the same tech-
nologies as others). At its worst, lock-in effects create a barrier to the adoption of 
more sustainable technologies (Foxon et al., 2002). Advocates for change argue that 
since legacy infrastructure is long-lived and expensive it locks out innovative alter-
natives. Brown et al. (2011) have in fact referred to this as ‘entrapment’.

3.1  Hybridisation Through Incremental Investments

While the lock-in effect of existing infrastructure means that a broad transition in 
urban water systems is difficult to achieve, at a local scheme level, innovations do 
occur. From the perspective of the broader urban water system, these innovations 

Table 10.1 Some challenges associated with investment in IUWM solutions

Issue Details

Lack of appropriate 
governance frameworks

IUWM approaches have developed rapidly and in many cases there 
is a lag in guidelines and regulations

Lack of experiences and 
skills

IUWM presents a challenge for many practitioners as it requires a 
departure from conventional design and management approaches

Impact on WSP revenue 
base

IUWM solutions may reduce the traditional revenue base of WSPs. 
This is particularly problematic if traditional water systems are still 
designed as ‘systems of last resort’ such that there are no reductions 
in system sizing, etc. Properties connected to centralised 
infrastructure also pay service charges (a significant component of 
overall charges) even if they have reduced demand on the system, 
which reduces incentives for uptake at the household level

Operation and 
maintenance

IUWM solutions will often require management at the development 
or household scale. This presents a challenge to ensure adherence to 
appropriate operational and maintenance procedures

Lack of understanding Limited information is available on the life-cycle performance of 
IUWM solutions

Public health risks Alternative water sources may impose health and safety risks to the 
public, and related community concerns are a barrier for adoption
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are however technical ‘add-ons’. In terms of infrastructure, the process of change 
can thus be considered as one of system hybridisation. This concept has some simi-
larities with the satellite and decentralised strategies for water resource manage-
ment described by Gikas and Tchobanoglous (2009), where decentralised solutions 
are integral and complementary to the existing centralised system.

In theory, opportunities for hybridisation arise whenever an investment is made, 
whether it is related to asset acquisition or renewal. In practice, however, the space 
for innovation often opens up when legacy approaches are shown to be sub-optimal 
(Balslev Nielsen and Elle 2000). For example, novel solutions are considered where 
existing infrastructure has insufficient capacity or would need to be extended, and 
the cost of doing this would be prohibitive (Pinkham 2004). More generally, system 
hybridisation is driven by the dynamic interplay between technology and societal 
values and expectations, underpinned by the lock-in effect of legacy solutions, the 
development of technological innovations, and a range of endogenous and exoge-
nous pressures. Critical elements of this process can be described using two coupled 
conceptual models (Marlow et al. 2013). The first describes the flow of investment 
into the asset stock, while the second describes factors that influence the selection 
of options.

3.2  A Conceptual Model of Investment Flows

Figure 10.3 shows how accumulation of capital occurs in terms of flow of invest-
ment and other key influences. As illustrated, the flow of investment accumulates 
over time as a capital stock of constructed and natural infrastructure assets. These 
assets contribute to the delivery of urban water services. Service delivery is sus-
tained through a combination of both business and asset capabilities. Hence, short-
falls in infrastructure can be managed to a certain extent through improved 
management and maintenance practices, but fundamentally the infrastructure places 
bounds on the level of service that can be delivered. The capital stock of constructed 
and natural assets is reduced over time due to deterioration, which is counterbal-
anced by capital maintenance. The main flow out of the asset stock can be conceived 
as a flow of services, which in turn contributes to a broader notional capital stock 
that delivers TBL outcomes such as community wellbeing, environmental health, 
and economic production in other sectors.

There are two main feedback loops influencing the flow of investment and thus 
the maintenance and growth of capital value of the asset stock and its ability to pro-
vide service. Firstly, from an asset management perspective, infrastructure systems 
are managed in the light of explicit (or sometimes implicit) service targets. Hence, 
a ‘hard’ metric-driven feedback loop exists wherein the gap between service deliv-
ered and that required is taken as a measure of system capacity. This informs the 
need for future investment, but there is also a requirement to take into account the 
inherent capacity of the system, including operational responses, the effect of 
endogenous factors (asset depreciation and backlog in investment), and the effect of 
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exogenous factors (climate change, population growth, etc.). Consideration of these 
factors requires both diagnostic and prognostic capacity (i.e. to understand the cur-
rent capacity to deliver service and predict future capacity). Secondly, the system is 
subject to a ‘soft’ feedback loop from the various stakeholder groups (customers, 
regulators, suppliers, politicians, academics, etc.). This reflects the perception of 
broader outcomes delivered by the sector. Perceptions are influenced by complex 
issues related to vested interests and values, and vary according to the responsibili-
ties and interests of each stakeholder group. For example, individuals and institu-
tions with responsibility for, or interest in, waterway health and sustainability will 
have different perspectives to, say, an economic regulator driven by the requirement 
to maintain efficiency from the perspective of customer bills. The net result of these 
influences is an implied demand for investment, but this is generally constrained in 
the light of budget restrictions, which drive efficiencies that in turn can reduce the 
investment needed. Groups or individuals that consider the outcomes delivered by 
the water sector to be misaligned with their expectations will engage in advocacy 
for a change in both the way investments are justified and the type of infrastructure 
funded.

3.3  Option Identification and Assessment

The other perspective that drives the hybridisation process is how options are identi-
fied and considered. A key aspect in any investment decision is to identify feasible 
solutions. In this context, ‘feasible solutions’ imply infrastructure (or other) options 
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that are able to provide service over an economic life. The ‘option space’ is that 
sub-set of solutions that is seriously considered for implementation. Depending on 
the predominant factors influencing the decision, the option space can be con-
strained to traditional solutions or embrace the full set of feasible solutions, includ-
ing a range of innovative options associated with IUWM concepts. Uncertainties 
with respect to performance, cost, utility preferences, community acceptance, and 
related outcomes imply that there may need to be a stronger justification for innova-
tive solutions compared to traditional ones. The various factors that influence the 
option space are shown in Fig. 10.4. Factors are grouped in terms of ‘actors’, ‘tech-
nology’, and ‘drivers’. The individual factors are dynamic and interact with one 
another to create the option space considered for a particular investment or scheme. 
It is noteworthy that these same factors influence stakeholder perception of invest-
ment needs, as shown in Fig. 10.3.

The perspectives and attitudes of the actors involved are a key determinant in 
how the option space is defined. In this context, actors are taken to be the individuals 
or teams making the decision. The options considered will reflect vested interests, 
attitude to risk, and normative values within their organisation. However, other 
stakeholders with different values, interests, and attitudes to risk will assess, from 
their own perspective, both the options considered and the solution ultimately 
selected. The issue of risk perception is critical to understanding different perspec-
tives on progress towards a more sustainable system. Decision maker(s) are 
 responsible for the actual option selected, and thus are exposed to risks associated 
with making a poor choice. In contrast, while stakeholders may have an informed 
view of the technical and broader issues and a stake in the outcome, they are not 
making the decision and thus will have a different risk perception (the decision-
making risks are actually borne by others).
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Farrelly and Brown (2011) have stated that the continued use of large-scale tech-
nological solutions reflects a reticence to go beyond pilot trials, which are taken to 
be representative of both the fear of failure of actors and inherent conservatism, 
especially with respect to public health risks. An alternative view is that many inno-
vative solutions remain unproven and have low community acceptance. From this 
perspective, any conservatism would then be considered as an appropriate assess-
ment of the uncertainty associated with available alternatives, especially given that 
funds are not unlimited and that community preferences must be considered (Speers 
2009). The fallback onto centralised solutions would then be considered a rational 
decision based on a pragmatic assessment of the need to invest in solutions that are 
acceptable to communities, and provide more certainty with respect to life-cycle 
performance and cost in comparison to alternative options.

Similar observations can be made about the changes in normative values that 
have, over time, shifted the outcomes the sector is expected to deliver. The transfor-
mation of values is, by definition, stronger within the niche group of individuals 
advocating a shift away from legacy solutions. The advocacy this engenders pro-
vides a driver for experimentation and infrastructure diversification, but this is coun-
terbalanced by decision-makers’ perceptions of certainty/uncertainty and exposure 
to risk. However, it should also be recognised that innovative solutions may be 
deemed higher risk simply because the institutional capacity to manage those risks 
has not yet been developed. Such capacity can only be built up if innovative schemes 
are implemented. This perception of risk is a real barrier to change, so the underly-
ing challenge is to broaden the ‘optioneering’ to consider novel solutions and ensure 
these are given appropriate consideration. This implies undertaking a rational 
review of future costs (considering potential economies of scale once institutional 
capacity has been built), risks and benefits, and implementing innovative schemes 
where possible to allow a critical mass of core competencies to be built.

4  Case Studies

To this point, we have discussed the role that asset management plays in making 
investment decisions about both asset acquisitions and asset renewals, and high-
lighted how transitional processes – driven by concerns over the future, emerging 
paradigms like IUWM, and the need to manage legacy assets – are leading to a 
hybridisation of water systems. These issues are also providing drivers for a change 
in the way investment decisions are analysed (Pahl-Wostl 2007). To illustrate exam-
ples of the decision support process used in both asset renewal and acquisition, the 
remainder of this chapter presents two case studies. Both are real examples of analy-
sis undertaken to support investment decisions in Melbourne, Australia. The first 
reflects the classic asset management challenge of determining the optimum (or at 
least a reasonable) time to invest in asset renewal. The second shows how IUWM 
solutions were compared to the base case of providing traditional infrastructure for 
a new development.
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In both cases, the analysis undertaken extends the scope of issues taken into 
consideration beyond just the financial implications of the investment. However, 
while the renewal decision was considered from a TBL perspective, there was no 
attempt to consider an alternative means of service provision. This reflects the real-
ity that the existing system often locks-in the type of solution considered. The sec-
ond case study shows how new developments can provide more scope for considering 
innovative options. In the case presented, an innovative scheme was in fact selected 
because it aligned with broader sustainability objectives of the WSP and was shown 
to be economically competitive, at least when a societal view of costs was taken. 
When considered from the perspective of the infrastructure used to supply urban 
water services in Melbourne, the case studies thus represent on-the-ground exam-
ples of how the system hybridisation process discussed above occurs. More specifi-
cally, the decision to renew the water main had the effect of perpetuating the legacy 
approach to service provision, which remains the predominant model in the city, 
whereas the implementation of innovative IUWM solutions expanded the type of 
infrastructure used within that broader Melbourne system.

4.1  Case Study 1: Analysis of a Traditional Like-for-Like 
Renewal

This case study relates to the renewal of approximately 2.5 km of 250/300 mm 
diameter cast iron pipe (Marlow et al. 2010c; Marlow et al. 2011). The pipe in ques-
tion ran along a busy street in Melbourne and passed through an iconic shopping 
area, which meant that a catastrophic failure of the asset had the potential to impose 
significant social disruption. Though the pipe was providing adequate service, these 
circumstances lead the WSP to commission an analysis to predict the remaining 
economic life of the pipe and so determine when renewal should be undertaken. 
This analysis involved the development of a physical probabilistic model that con-
sidered deterioration, structural capacity, and imposed loads (Moglia et al. 2008). 
This was then used to develop an economic model (Davis and Marlow 2008).

The hydraulic capacity of the existing pipe was considered sufficient, so the ben-
efits associated with the service provision of both the existing and replacement 
pipes were the same and thus not considered in the analysis. However, pipe replace-
ment was considered to accrue additional benefits associated with the avoidance of 
future pipe bursts. This concept is illustrated in Fig. 10.5, which shows a timeline 
from the current time, τ, to some future time, TMAX, when the asset would be consid-
ered derelict and have to be replaced (i.e., end of physical life is reached at TMAX). 
At any time in between, the asset could be replaced through a scheduled interven-
tion (asset renewal).

As shown in Fig. 10.5, renewing the asset at any time later than the current time, 
τ, implies that the consequences associated with potential bursts (the star shapes in 
Fig. 10.5 which represent probabilistic rather than actual failures) would be incurred 
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up until the time of replacement (time t). In contrast, replacing the asset earlier than 
TMAX means that costs associated with potential bursts occurring after the replace-
ment will be avoided. Within this framework, the optimum time to replace the pipe 
was taken as the time at which the Net Present Value (NPV) was a maximum. In 
application, future monetary flows were discounted (using a discount rate of 7 %) 
and the NPV calculated as:

 
NPV PV PVBenefit Cost= −

 
(10.1)

It is important to note that while the calculation algorithm is expressed in terms of 
NPV, the benefits are avoided failure costs. As such, the analysis is sensitive to how 
failure costs are taken into account.

In order to apply Eq. 10.1, the costs and benefits of renewal needed to be esti-
mated. The total costs associated with renewal were considered to be the sum of two 
components: the costs of pipe failure up to intervention at time t and the cost of 
intervention (pipe renewal) at time t. The expected failure costs in each year (i.e. the 
failure cost weighted by the probability of failure) were estimated through the appli-
cation of the physical probabilistic model and estimates of failure costs. As well as 
direct costs associated with the failure (repair, clean-up costs, etc.), pipe failure can 
result in a range of consequences, as categorised in Table 10.2. Some of these con-
sequences impose costs on the WSP, but others (e.g. traffic disruption) are costs 
imposed on third parties (what economists refer to as externalities) and are not 
monetised (Marlow et al. 2011). Increasingly, WSPs are taking into account these 
broader failure consequences in their renewal decisions by placing a notional mon-
etary value against them and treating them in the same way as tangible costs. In 
practice, this brings the economic time of the renewal forward.

In this case, disruption to transport and related social disruption were identified 
as potential failure consequences, and related externality costs were thus calculated 
using the figures shown in Table 10.3. With these assumptions, the externality costs 
per burst were estimated at $121,620 for failures occurring on a normal road section 

Fig. 10.5 Illustration of intervention costs and benefits
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or $226,782 for failures occurring at or near an intersection. In combination with 
estimates of failure probability, these figures justified immediate renewal of the 
pipe. For reference, the cost of pipe replacement was around $4,000 per metre, so 
the overall replacement cost was approximately $10 million.

While the values shown in Table 10.3 were those used by the WSP to justify 
immediate renewal, sensitivity analysis showed that, depending on the monetary 
value placed on externalities, the optimum time for replacement ranged from 
‘replace now’ to ‘replace in 57 years’, the latter being the replacement time if only 
internal costs borne by the WSP (e.g. reactive maintenance costs) were considered 
(i.e., assuming externalities had no value). This highlights how important it is to 
place meaningful estimates on the societal value of externalities and other 
 non- monetary consequences. While it may appear that in the case of such like-for-
like renewals the issue is merely a matter of timing (the pipe will eventually be 
replaced), in reality the time value of money generates significant opportunity costs 
if renewals are premature.

Table 10.2 Examples of failure consequences

Category Description

Service failures Operational impacts such as service interruptions, quality or quantity 
variations, poor customer service, etc.

Customer impacts Impacts of interruption and customer dissatisfaction
Environmental impacts Unacceptable environmental impacts considering natural and 

constructed environments
Externalities Traffic disruptions, third party discomfort, aesthetic and recreational 

impacts, health impacts, ecological impacts, etc.
Health and safety 
impacts

Death or injury to staff and members of the public

Public relations impacts Public relations issues arising from asset failures

Table 10.3 Estimates used 
in the analysis of externalities

Cost component Basis of calculation

Traffic 
disruption

Value of time: $20 per hour per vehicle
Traffic frequency (one road): 1,200 
vehicles/h
Traffic frequency (intersection): 2,920 
vehicles per hour
Time of disruption: 6 h
Time of traffic delay: 0.33 h

Public transport Passengers: 190
Cost of fare: $6.50
Frequency: 5 per hour
Time of disruption: 6 h
Routes disrupted (one road): 2
Routes disrupted (intersection): 3
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4.2  Case Study 2: Analysis of Asset Acquisition Using IUWM 
Concepts

The second case study focuses on an investment decision for a large greenfield 
development on the peri-urban fringe of Melbourne (Sharma et al. 2010). The 
development was on land previously used for grazing, and intended to house 
approximately 86,000 people with a mix of land uses, including residential (62 %), 
commercial (10 %), industrial (27 %), and open space (1 %). Given the limited 
capacity of existing water infrastructure, as well as nitrogen discharge limitations, 
there was a need to determine whether IUWM options would be more cost-effective 
and sustainable. The WSP thus commissioned analysis of various servicing sce-
narios as part of the strategic planning processes (Sharma et al. 2009). Fig. 10.6 
presents a summarised version of the assessment methodology used.

Information on the proposed development layout, allotment size, anticipated 
occupancy rate, and available water resources was available. To establish 
development- specific objectives, data on climate, topography, and water usage were 
also collated. The objectives were specified in consultation with stakeholders and 
shaped by location-specific factors including ecological conditions of the area, 
community concerns, proximity to and available capacity of centralised water and 
wastewater infrastructure, and the availability of alternative and fresh water sources. 
By identifying objectives and constraints, the feasible option space was reduced to 
four potential infrastructure solutions:

1. Identify IUWM 
Objectives

2. Identify Options for 
Achieving Objectives

3. Develop and Analyse
Water Servicing 

Scenarios
Data collection and Input

4. Interpretation of 
Analysis Results 

(Did the analysis meet objectives?)

Application of models
(e.g. AQUACycle, MUSIC & PURSS)

5. Recommendation of 
Options

Fig. 10.6 Assessment methodology
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Scenario A conventional centralised supply and wastewater (base case)

Scenario B third pipe system with reclaimed water

Scenario C third pipe system using stormwater

Scenario D self-contained servicing configuration drawing upon greywater reuse, 
rainwater tanks, and on-site wastewater treatment.

The life-cycle cost (LCC) of service provision was calculated over an analysis 
period of 50 years (Table 10.4). The base system (A) was least expensive, whereas 
the self-contained scenario (D) was most expensive due to the provision of rainwa-
ter tanks and on-site wastewater systems. The reuse scenarios (B and C) with dual- 
pipe systems were in the middle range.

Four environmental indicators were also selected for use in the assessment of the 
options: (1) greenhouse gas emissions (GHG); (2) eutrophication potential (nutrient 
release to waterways); (3) the amount of imported potable water, and (4) solid waste 
going to land fill. The alternative options (Scenarios B, C, and D) significantly 
reduced both the nutrient load to the environment and import of water. To integrate 
the environmental impacts with the LCCs, monetary valuations of greenhouse gas 
emissions, water, and nutrients were made using the following figures:

• Nitrate to waterways was costed at $60 per kg (based on charges applied to 
developers to offset costs for treating nitrate runoff)

• Water use was costed at $1 per kilolitre (the marginal retail water price)
• Greenhouse gas emissions were costed at $50 per tonne of CO2 equivalent (based 

on future costs of carbon trading, after Sharma et al. 2010).

With these assumptions, the total community cost (LCC plus monetised cost of 
environmental impact) could be estimated. The analysis indicated Scenario A was 
the cheapest in financial terms, but represented the highest cost to the community. 
In contrast, Scenario D was the most expensive in financial terms, but represented 
the lowest cost to the community due to the reduction in environmental impact. At 
the same time, option D shifted costs from the WSP to the householder. This illus-
trates a challenge in that a ‘total resource’ test may indicate IUWM solutions pro-
vide greatest value from a broader societal perspective, but current models of 

Table 10.4 Summary of LCC for various IUWM options

Scenario
Water supply system 
(k$)

Wastewater system 
(k$)

Stormwater system 
(k$) LCC (k$)a

A 250,140 275,610 121,270 647,030
B 342,260 258,580 121,270 722,120
C 331,360 269,740 121,270 722,390
D 408,430 575,000 62,720 1,046,900

aAnalysis period of 50 years with a discount rate of 6.5 %

D.R. Marlow et al.



233

charging for water services can transfer costs to decentralised entities (households, 
body corporate, etc.), which is an impediment to their uptake (Pinkham 2004; 
Tjandraatmadja et al. 2009).

5  Conclusions

Decisions relating to urban water infrastructure investments have direct and indirect 
impacts on water resources and communities, including imposition of opportunity 
costs and externalities associated with use of resources and asset failures. Through 
these mechanisms, poorly conceived investments can impose significant welfare 
costs on society and lead to an economically inefficient use of resources. As such, it 
is important for WSPs to target and time investment so as to minimise negative 
impacts and, as far as is practical, maximise economic value delivered. With this 
challenge in mind, this chapter has considered investment decisions made in the 
light of asset management concepts, considering the influence of increasingly 
important concepts like sustainability and IUWM.

Various factors mean that, from an infrastructure perspective, investments in 
innovative solutions are leading to an incremental hybridisation of water systems. 
To illustrate this process, two coupled conceptual models specific to the urban water 
sector have been presented. The factors that influence this hybridisation vary accord-
ing to individual views, vested interests, and attitudes/exposure to decision-making 
risks. There are two relevant questions that face the sector in the future. Firstly, 
whether a step change is needed in the light of climate change and other exogenous 
drivers, and secondly, whether such a step change can be afforded in view of other 
demands on limited resources and budgets.

At the asset or scheme level, investment decisions need to be supported through 
appropriate analysis. Two case studies have been presented that correspond to real 
investment decisions made in Melbourne, Australia. Together these illustrate how 
WSP decisions both perpetuate traditional solutions and lead to the implementation 
of innovative solutions that are added to the back-bone of the legacy system.

Importantly, both case studies involved analysis which considered factors that 
extended beyond the traditional financial scope of asset investments. The first dem-
onstrates that the value placed on social and other impacts can significantly influ-
ence the timing of like-for-like asset renewals. In the second, the assessment 
framework included consideration of both economic and environmental implica-
tions of alternative options, which allowed an innovative solution to be justified. 
Overall, the case studies illustrate that the relative worth of options considered in 
both asset renewals and asset acquisitions depends strongly on how broader envi-
ronmental and social factors are considered, including the valuation placed on 
externalities. Such factors are increasingly influencing infrastructure investment 
decisions in the transition to more sustainable urban water systems.
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    Chapter 11   
 Long-Term Water Demand Forecasting 

             Jean-Daniel     Rinaudo    

1            Introduction 

 In the years following World War II, the priority of many governments and water utilities 
around the world was to develop water supply and increase the percentage of house-
holds connected to the mains. Predicting the intermediate- and long-term evolution of 
the demand for water was thus not a major concern for managers of drinking water utili-
ties. Water was viewed as an inexpensive commodity, and developing excess capacity 
was considered a much better option than risking a shortage. This tactic worked well – 
as long as economic and population growth continued and water resources were readily 
available. This perception gradually changed, however, as the marginal cost of develop-
ing new resources progressively rose throughout the 1970s and 1980s, notably in arid 
regions of developed countries (the western US states, in particular). In other regions, an 
unanticipated decline in per capita water use led to costly oversized water supply sys-
tems. Due to the mounting cost of prediction errors, improving the accuracy of future 
water demand forecasting became crucial for optimising the expansion of water supply 
systems. Indeed, building oversized facilities based on an ‘upper bound’ demand esti-
mate would lead to signifi cant extra cost burdens that would have to be passed on to 
customers through tariff increases (Beecher and Chesnutt  2012 ). Conversely, underesti-
mating future water demand would result in shortages, in this way imposing costs in the 
form of losses in garden landscaping, convenience of water use, and extra constraints on 
residential and economic development. 

 Awareness grew that better water demand forecasts meant gaining a better under-
standing of the factors creating that demand. Early research in the fi eld (Howe and 
Linaweaver  1967 ) was quickly followed by the development and diffusion of 
 operational tools and software packages such as IWR-MAIN, released in the 1980s 
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by the US Army Corps of Engineers (Boland  1997 ; Bauman et al .   1998 ). 
Uninterruptedly for three decades, an abundant fl ow of scientifi c literature ensued. 
This literature can be divided into two main streams. The fi rst comprised contribu-
tions from economists who mainly studied the effect of price level and tariff struc-
tures on water demand using econometric methods (for a review, see Espey et al .  
 1997 ; Arbués et al .   2003 ; Dalhuisen et al .   2003 ; Worthington and Hoffman  2008 , 
among others). The second stream consisted of multidisciplinary contributions from 
civil engineers and modelers (for a review, see Donkor et al .   2012 ). Both have led to 
the development of a variety of innovative forecasting tools, based on a variety of 
modeling techniques (statistical, econometric, neural networks, agent-based mod-
els, etc.) and intended to support short-, intermediate-, and long-term forecasting. 

 Within practitioner communities these tools have become generalised at a pace 
that has varied from country to country. Overall, a gradual shift from ‘water require-
ment’ to ‘water demand’ models has occurred. Requirement models assume that the 
amount of water needed per consumer is absolute and constant over time, unaf-
fected by socioeconomic changes. Demand models consider that water use can be 
altered by pricing and other water conservation policies such as information and 
awareness-raising campaigns, water device retrofi t incentives, etc. This on-going 
transition, which began in the south-western states of the USA in the 1980s and 
appeared in the UK at the start of the millennium, has not been adopted in all coun-
tries, particularly those where water is still perceived as an abundant resource (for a 
French example, see Rinaudo  2013 ). 

 A number of books and scientifi c articles review research in the fi eld (Donkor 
et al .   2012 ) or provide technical guidelines on how to implement forecasting meth-
odologies (Billings and Jones  2008 ). This literature, however, does not describe 
how forecasting methodologies have been implemented  in practice  by water utili-
ties around the world. This chapter presents an attempt at (partially) fi lling this gap. 
Based on detailed analyses of three case studies in the USA, the UK, and Australia, 
it illustrates the diversity of practices, discusses the challenges faced by water utili-
ties, and identifi es issues that should be addressed by future research. It is structured 
as follows: in the next section, we give a brief overview of existing long-term water 
demand forecasting methodologies. Subsequently, we discuss some of the chal-
lenges faced by water utilities when developing water demand forecasts. We then 
present three case studies illustrating how methods are deployed in operational (as 
opposed to research) contexts. The chapter concludes by identifying research per-
spectives to improve forecasting methodologies.  

2     An Overview of Forecasting Methodologies 

2.1     What Is Long-Term Water Demand Forecasting About? 

 This chapter uses the common interpretation of water demand as the observed 
amount of water consumed by residential, public, commercial, and industrial cus-
tomers connected to a public water distribution system. Water demand strongly 
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depends on prevailing economic conditions, particularly on water rates and tariffs, 
population income, and economic activity. Water losses in distribution systems (due 
to leakage) are not included in demand (Merrett  2004 ). 

 Water demand forecasting can be conducted for varying horizons. Short-term 
forecasting aims at anticipating water demand over the coming hours, days, or weeks, 
so as to optimise the operation of water systems (reservoirs, desalination plants) 
while factoring in changes in weather and consumer behaviors. Short-term demand 
forecasting can help estimate revenues from water sales and plan short- term expen-
ditures. Intermediate-term forecasting (1–10 years) focuses on the variability of 
water consumption by a fi xed or slowly increasing customer base. It considers 
changes driven by weather cycles, changes in the composition or characteristics of 
the customer base, or economic cycles. Long-term forecasting, the focus of this 
chapter, consider horizons of 20–30 years. This is the timeframe taken into account 
when building long-lifespan water supply infrastructures such as desalination plants, 
storages, or large-capacity inter-basin transfers. In long-term planning, many factors 
of change are liable to modify both the customer base and per unit water consump-
tion. Uncertainty is a key issue in long-term water demand forecasting. 

 Water utilities are not the only players for which such forecasts are a concern. 
Demand forecasts can be conducted at state or national levels to assess whether, and 
to what extent, water is likely to become a limiting factor for economic development 
in the future (see the example of Western Australia below). The result of a forecast-
ing study may determine investment decisions such as the construction of a large 
regional inter-basin transfer. The level of detail does not require the development of 
a water forecast for each provider in the state. It may also support decisions con-
cerning water allocation between sectors or regions liable to compete for scarce 
water resources in the future. Such is the case in Nevada, for instance, where the 
State Engineer considers the future water demand forecast of a region before 
authorising export of water to other regions. Here, forecasting serves to protect the 
interests of rural counties, securing water resources needed for their future develop-
ment (HRBWA  2007 ).  

2.2     A Typology of Water Demand Forecasting Methodologies 

 A variety of models have been developed and implemented by water utilities and 
their consultants to forecast the future evolution of water demand (Bauman et al .  
 1998 ; Billings and Jones  2008 ). These models can be classifi ed into fi ve main types 
(Table  11.1 ).

2.2.1       Temporal Extrapolation Models 

 This modeling approach is based on the assumption that the future evolution of 
demand can be deduced from past tendencies. Several mathematical models can be 
used, including moving average, exponential smoothing, or Bow–Jenkins models 
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(Billings and Jones  2008 ; Donkor et al .   2012 ). The projection of the tendencies may 
be applied globally at the scale of a single drinking-water utility or of a region, or 
be refi ned by reasoning according to types of consumers (domestic users, services 
sector, industry). Sophisticated geostatistical methods that simultaneously consider 
time and space variability have also been used to map future water demand (Lee 
et al .   2010 ). The advantage of the extrapolation approach is that the only data 
required are time series of the variable being forecasted. However, its predictive 
capability is quite limited because it is unable to take into account changes in the 
socioeconomic context (tariffs, employment, population and urban patterns) and the 
occurrence of discontinuities (e.g., changes in technology, plumbing codes, or water 
conservation policies).  

2.2.2     Models Based on ‘Unit Water Demand’ 

 This method typically consists in tying future needs strictly to the number of users. 
It relies on the use of ‘unit water demand’ coeffi cients determined per inhabitant, 
per customer, per employee, or per unit of industrial output. Demand is estimated by 
multiplying these coeffi cients by the number of users the water utility is liable to 
serve in the future. Applications of the method can be differentiated according to the 
level of customer disaggregation. The fi rst level of disaggregation generally consists 
in a breakdown into domestic, commercial, industrial and public-sector uses (sec-
toral forecasting). Domestic demand may further be decomposed according to 
housing type, estimating separately multiple dwellings and single-family homes 
and houses with or without meters. Likewise, the demand of industrial and com-
mercial users may be broken down according to activity sector (see the California 
and UK examples later). One can consider the consumption coeffi cients as variable 
with time, extrapolating their future direction from past tendencies. This approach 
is useful where little or no data are available. It may also suffi ce when a rough esti-
mate is required for preliminary planning purposes. One of its advantages is trans-
parency, and so it is easily understood by stakeholders. For all these reasons, this 
method is probably the most commonly used.  

2.2.3     Multivariate Statistical Models 

 This method recognises that change in demand stems from many factors, including 
water rates and tariffs, household income, climate, economic activity, water conser-
vation programs, etc. The method consists in estimating the statistical relationship 
between per capita consumption (the dependent variable) and a set of explanatory 
variables. The main explanatory variables are the cost of water, household income, 
the level of economic activity (employment or turnover), housing characteristics 
(proportion of single-family versus collective dwellings, urban density), and possi-
bly weather conditions and the like. The model is generally built using panel data, 
i.e., a sample of municipalities for which data over a 5–10 year interval is available. 

11 Long-Term Water Demand Forecasting



244

Subsequently, the model can be used for prediction purposes to calculate the demand 
that would be obtained under a hypothetical evolution of the explanatory variables, 
supposing that the model coeffi cients (estimated on the basis of a past time window) 
hold true over the future time window considered. The development of this model 
type is refl ected by an abundant scientifi c literature (for a review, see Espey et al .  
 1997 ; Arbués et al .   2003 ; Dalhuisen et al .   2003 ). The main weakness of statistical 
models for long-range forecasting is their out-of-sample predictive capacity 
(Fullerton and Molina  2010 ).  

2.2.4     Micro-Component Modeling 

 This method, also termed ‘end-use modeling’, assesses total consumption by simu-
lating in detail the different ways that consumers use drinking water (Froukh  2001 ). 
Applied mainly to domestic use, the approach estimates the volumes of water asso-
ciated with each of the main water use devices: showers, bathtubs, lavatories, sani-
tary facilities, household appliances (washing machines and dishwashers), kitchen 
taps, and outdoor devices (hoses and sprinklers, swimming pools). In this model, 
each use is the product of (i) device ownership percentage, (ii) frequency of use, and 
(iii) volume per use. 1  In turn, these factors are recognised as capable of being 
affected by economic prosperity, type of housing, occupancy, climate, and technical 
developments in water-using devices. This method’s main advantage is that it 
enables the long-term effect of technological evolution to be simulated: appliance 
performance, decreased volume of toilet fl ush, etc. These models are thus more 
prospective, allowing the effects of water conservation policy incentives to be esti-
mated. The method is widely used by the UK water Industry (see the Thames Water 
example below) and in the USA (see, for instance, Levin et al .   2006 , but examples 
also come from other countries such as South Africa (Jacobs and Haarhoff  2004 ).  

2.2.5     Estimation Based on Projections for Urbanisation and Land Use 

 This method consists in basing the estimated future drinking water demand on 
urban planning documents and ordinances. The demand forecasting model is inte-
grated into a geographic information system (GIS). Drinking water demand is 
assessed on a uniform scale of spatial entities (quarters or housing developments for 
single-family homes, economic activity areas) using unitary consumption ratios for 
each type of entity. This method can only be implemented if a relatively detailed 
urban planning scheme is available, one which is regularly updated and takes into 
account the target timeframe of the projection exercise.  

1   Some sophisticated models also account for device leakage (taps dripping or losses due to poor 
fi ttings, pipe connections, etc.). 
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2.2.6     Composite Models 

 In practice, many of the models developed or applied by consultants and/or water 
utilities are hybrid tools combining several of the methods described above. Note 
that water planning agencies (such as the UK Environment Agency or the California 
Bay–Delta Authority) recommend adopting such composite approaches (Davis 
 2003 ; Environment Agency et al.  2012 ). This is also the case for water demand 
forecasting software packages such as IWR-MAIN, which has been intensively 
used in the USA (Wurbs  1994 ; Bauman et al .   1998 ). IWR-MAIN (standing for 
Institute for Water Resources – Municipal And Industrial Needs) includes a variety 
of forecasting models, including extrapolation models, statistical models, unit water 
demand models, and end-use models. This software has been used by more than 40 
large American cities and state organisations (such as the California Water 
Department), and elsewhere around the world (Mohamed and Al-Mualla  2010 ). A 
number of other hybrid tools have been developed and tested as part of research 
projects, such as the demand forecasting and management system described in 
Froukh ( 2001 ), but none, to our knowledge, are routinely called on by the water 
industry.    

3      Key Issues and Challenges 

 Despite signifi cant progress achieved during the last three decades, a number of 
challenges still have to be addressed by water demand forecasters. Three of these 
are discussed in the following paragraphs. The fi rst one lies in the need to better 
integrate water demand forecasting with urban development planning, recognising 
that uncertainties with new users’ water use are intrinsically different than those of 
existing users. The second challenge consists in improving our understanding of the 
potential impact of climate change on future demands. The third entails quantifying 
uncertainties attached to water demand forecasts and developing new procedures to 
help water managers take robust decisions based on this information. 

3.1     Integrating Land Use Planning and Water 
Demand Forecasting 

 Several statistical studies have pointed out that residential water use is strongly 
infl uenced by urban development characteristics, housing density in particular. Per 
capita water consumption tends to be much higher in urban areas where single- 
family units (with gardens) represent a large share of the total housing stock. Also, 
outdoor water use tends to increase with lot size, since larger properties have larger 
irrigated gardens. A study conducted in Barcelona, Spain, showed that per person 
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water use varied from 120 L per day in high-density housing to more than 200 L/d 
in low-density housing (Domene and Saurí  2006 ). In the UK, a survey in Yorkshire 
estimated water use at 370, 280, and 170 L/p/d respectively for detached, semide-
tached, and terrace houses and fl ats (Clarke et al .   1997 ). In California, a study con-
ducted by the Public Policy Institute of California showed that single-family homes 
use about twice as much landscaping water as multifamily units (Hanak and Davis 
 2006 ). This phenomenon is particularly signifi cant under a dry and hot climate, 
where outdoor uses related to swimming pools and garden irrigation can represent 
as much as 50–70 % of total water use, as reported in some states in the western 
USA (Hanak and Davis  2006 ; Wentz and Gober  2007 ). Conversely, urban densifi ca-
tion may result in decreasing per capita consumption. This tendency is notably 
reported in Seattle where large single family lots are being converted into new con-
dominiums or smaller town-houses with little or no yard space (Polebitski et al .  
 2011 ). A similar trend is also observed in large Asian cities where traditional houses 
are progressively replaced by condominiums (Bradley  2004 ). 

 The accuracy of forecasting studies could therefore be enhanced by taking into 
account the type of urban development to be expected in the future. Analysts should 
make explicit assumptions about patterns of future dwellings (single- or multiple- 
family units, fl ats), average lot size, and characteristics (type of vegetation, percent-
age of houses equipped with swimming pools, etc.). This can easily be accommodated 
by existing multivariate regression models, single-coeffi cient models, or micro- 
component models (Jacobs and Haarhoff  2004 ) if adequate data are introduced. An 
example is provided by Patterson and Wentz ( 2008 ), who assessed future residential 
water demand for Phoenix, Arizona, using four urban development scenarios. 
Scenarios differed according to the statistical distribution of lot size and their spatial 
distribution. The authors showed that a reduction in average lot size can lead to a 
7 % reduction in total water consumption compared to a baseline scenario, assum-
ing a continuation of existing land use patterns (Patterson and Wentz  2008 ). A more 
sophisticated approach in which a water demand model was coupled to an urban 
simulation model was presented by Polebitski et al .  ( 2011 ). Model coupling allowed 
integration into the water demand forecast of assumptions about the position of 
urban growth boundaries, changes in transportation networks, and new land use 
policies. The authors showed that certain changes in building characteristics (denser 
suburban areas) and spatial features of demographic growth lead to demand reduc-
tions of about 4 % (over a 20-year planning period). Urban development modeling 
can also be fully integrated into the water demand model. An example can be found 
in Galán et al .  ( 2009 ), who use an agent-based model to simulate urban develop-
ment and water consumption over a 10-year period in the city of Valladolid, Spain.  

3.2     Accounting for Climate Change 

 While a substantial body of literature deals with how climate change impacts water 
 supply , fewer papers have looked at the possible consequences of global warming 
on long-term urban water  demand . Climate change is likely to affect both indoor 
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and outdoor water demands. Indoors, rising temperatures will lead to more frequent 
showering and more recourse to cooling. Outdoors, higher temperatures, evapo-
transpiration, and declining rainfall will increase irrigation water needs in gardens 
and evaporation from swimming pools. 

 Several methodological approaches have been used to assess this impact on 
 residential water demand. The fi rst entails developing a statistical model that 
includes weather variables in the explanatory variables. The model can subsequently 
be used in simulation to predict evolution in water demand while factoring in 
changes in weather variables. A study conducted in the UK (Goodchild  2003 ) con-
cludes that, by 2020, climate change will increase residential water demand by 2 %. 
A similar study conducted in Seattle, WA, showed that climate change could result 
in a 7 % increase in water demand by 2030 and up to 15 % by the end of the century 
(Polebitski et al .   2011 ). 2  A caveat of the statistical approach is that it assumes peo-
ple will react to weather variations in the future as they do now, without considering 
possible changes in water use practices (e.g., allowing lawns to brown in summer or 
changing landscaping). 

 A second methodological approach consists in calculating turf irrigation require-
ments and swimming pool evaporation using climatic and agronomic models. 
Relying on process-oriented models, the approach is likely to be more robust than 
the statistical one. It was implemented in southern France by Desprats et al. ( 2013 ). 
Using high-resolution satellite images, the authors quantifi ed the area of irrigated 
lawns and the presence of swimming pools in a sample of 45,000 detached houses. 
An agro-climatic model was then used to assess lawn irrigation requirements and 
swimming pool evaporation under present and future climate conditions. The results 
showed that residential water demand of single-family homes would increase by 
8–10 %. All other things equal, this represents a 4–5 % increase in total urban 
demand (Desprats et al .   2013 ). 

 A third approach, implemented in the UK, consists in using a micro-component 
(or end-uses) model (Downing et al .   2003 ). Some uses are assumed to be insensitive 
to climate change. Others, such as shower use, garden watering, and swimming pool 
refi lling, are affected, and the model parameters (use frequency, ownership rate, unit 
use) are modifi ed accordingly. These changes are based on simple assumptions link-
ing frequency of use with climate parameters such as accumulated degree days 
(cumulative time being that during which the temperature exceeds a given thresh-
old). The UK study concluded that the impact of climate change will remain mod-
est, ranging between 1 % and 1.8 % in 2020 and between 2.7 % and 3.7 % in 2050. 

 A problem common to the three aforementioned approaches is the uncertainty 
attaching to climate change scenarios. Different GCMs tend to predict very different 
changes in temperature, rainfall, and evapotranspiration. The effects of model 
uncertainties per se are accentuated when different IPCC emission scenarios are 
adopted. The general conclusion must be that considering climate change in demand 
forecasting can lead to very different conclusions depending on the chosen climate 
scenario and the GCM. This was clearly illustrated by Boland ( 1997 ) in a case study 

2   Note that this increase in demand would occur solely in summer months, putting additional stress 
on water resources and aquatic ecosystems during low-fl ow periods. 
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focusing on Washington, DC, where the impact of climate change on water demand 
is estimated to range from −4 % to +11 %. The most common response to this prob-
lem consists in adopting an ensemble approach and considering multi-model aver-
age climatic scenarios (Goodchild  2003 ; Polebitski et al .   2011 ; Desprats et al .  
 2013 ). 

 An analysis of recent urban water management plans selected from various 
countries shows that climate change effects on water demand is progressively being 
taken into consideration in long-term planning. In the UK, most water companies 
have considered climate change when developing water demand forecasts, albeit in 
a somewhat simplistic manner. Thames Water, for instance, applied a percentage 
increase over the ‘normal year’ forecasts in line with the fi ndings of a national study 
on “Climate Change and the Demand for Water” (Downing et al .   2003 ). According 
to Charlton and Arnell ( 2011 ), who reviewed the Water Resources Plans of 21 com-
panies operating in England, most water companies assume an increase in demand 
ranging between 2 % and 5 % (as of 2030). They note that this is minor compared 
to other drivers of change in demand and the effect of climate change on supply. 

 In the previous paragraphs, we focused on direct impacts of climate change on 
water demand. But climate change may also have signifi cant indirect impacts by 
affecting water demand through structural economic effects. This is nicely illus-
trated by the water demand forecast study conducted by the State of Western 
Australia, described in  Sect. 6 . Using a macro-economic model, this study assessed 
the possible impact of global warming on the level of economic activity in the main 
economic sectors. The indirect impact on water demand was then estimated using a 
simple ‘use coeffi cient’ approach (Thomas  2008 ). Results showed that this indirect 
impact far exceeds the direct impact on water use.  

3.3     Dealing with Forecast Uncertainty 

 Many water consumption prediction models have been developed and used in a 
deterministic context despite the presence of uncertainty in assumed model struc-
tures and parameters. It is now widely recognised that water use forecasts, regard-
less of the timeframe or the forecast method employed, are likely to be always 
highly inaccurate (Osborn et al .   1986 ; Fullerton and Molina  2010 ). It is thus cru-
cially important to give consideration to model uncertainties. Two alternative 
approaches can be called on to do so: the use of contrasted scenarios and the prob-
ability approach based on Monte Carlo simulations. 

3.3.1     The Scenario Approach 

 Using a limited number of contrasted scenarios is one way to account for the uncer-
tainty attached to future evolution of water demand. Scenarios consist of a narrative 
description of ways society might develop and use water in the future. Scenarios are 
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expected to help water utilities assess the performance of alternative strategies 
under different plausible future conditions. In the UK, this approach was initiated 
by the Environment Agency in 2001 (Westcott  2004 ) and further developed since 
(Environment Agency  2009 ). The approach was based on more comprehensive sce-
narios developed for the Environment Agency and Defra to explore pressures on the 
UK environment and possible changes in them by 2030. Scenarios depict four plau-
sible futures that differ in two main dimensions: fi rst, the type of society (conserva-
tionist through to consumerist) and, secondly, the type of governance (growth- focused 
through to sustainability-focused). Water experts were asked to describe how key 
factors infl uencing water demand would be affected by these global scenarios. They 
defi ned consistent quantitative assumptions related to water demand drivers which 
were subsequently used to assess future demand for all resource zones in England 
and Wales (Environment Agency  2009 ). Results obtained are illustrated in Fig.  11.1 . 
The result is an envelope within which future water demand is likely to sit. Water 
companies are then expected to consider these scenarios to identify strategies that 
perform well under these different plausible representations of the future and to 
understand the risks inherent in the different alternatives. This approach, however, 

  Fig. 11.1    Population, per capita consumption, and residential water demand forecasts according 
to four scenarios (Source: Adapted from Environment Agency ( 2009 ): pp. 21–24.)       
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has been criticised on the grounds of the selection bias for assumption that all fore-
casters suffer from, based on their own knowledge, beliefs, and ideology.   

3.3.2     The Probabilistic Approach 

 A number of authors criticise forecasts that use only a small number of scenarios, 
suggesting that uncertainty should really be assessed by considering hundreds of 
alternative representations of the future. They argue that in situations of great uncer-
tainty, decision-makers need to seek robust rather than optimal (i.e., lowest cost) 
strategies. Robustness is defi ned as the ability of a strategy to perform well in a large 
number of plausible futures (Lampert et al .   2003 ). 

 The probabilistic approach consists in running models repeatedly using uncer-
tain input variables randomly chosen from a defi ned probability distribution. It 
comprises four steps: (i) establish the probability distribution of key factors deter-
mining future demand; (ii) sample their values based on randomised techniques; 
(iii) calculate water demand for a large number of samples; and (iv) compute a sta-
tistical distribution of future water demand. The main sources of uncertainty consid-
ered are population forecast, economic forecast (employment), water use parameters 
(end use or total use coeffi cients) and climate. This approach is now widely imple-
mented by the water industry, using software packages such as @RISK (Palisade 
Corporation). 3  Applications of this method to the cases of Thames Water (UK) and 
Tampa Bay Water District (USA) can be found in Thames Water ( 2010 ) and Hazen 
and Sawyer ( 2004 ).   

3.4     Presentation of Case Studies 

 Three case studies are presented to illustrate how the various methodologies are 
implemented in practice and how the challenges described above have been 
addressed by practitioners (Table  11.2 ). We deliberately focus on advanced situa-
tions. The fi rst example is taken from Southern California, where demand forecast-
ing is conducted at two geographic levels by a regional water importer and retail 
water utilities. This example describes an interesting combination of econometric 
and end-use models. The second example, chosen from the UK, illustrates the 
potential of end-use models. This case study also shows how a very standardised 
forecasting procedure defi ned at a national level can be implemented by all water 
companies. The third and last example was drawn from Western Australia, where 
water demand forecasting is carried out at the state level. Here, the approach selected 
strongly relies on a macroeconomic model.

3   http://www.palisade.com/ 
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4         Multi-level Forecasting in Southern California 

4.1     The Context in Southern California 

 In California, the Urban Water Management Act mandates that each drinking water 
service shall prepare an urban water management plan, the purpose of which is to 
ensure a long-term balance between water demand and the resources available and 
to provide for emergency management measures in the event of exceptional drought 
conditions. These plans, covering a 30-year time span, must be updated every 5 
years and submitted to the California Department of Water Resources. They must 
contain one demand forecast per category of user, including a description of water 
conservation measures planned by the utility. 

 In the Los Angeles metropolitan area, this water demand projection is calculated 
at several geographical levels. At the metropolitan (regional) level, a global demand 
forecast is established by the water wholesaler, the Metropolitan Water District of 
Southern California (MWD). MWD imports water from distant sources (Colorado, 
Northern California, Owens Valley) to supply 26 inter-municipal services (retailers) 
in the Los Angeles region. MWD’s projections are based on a statistical model that 
seeks to assess the overall needs of the 18 million customers supplied, as well as 
needs for imported water after the resources available locally have been used up. At 
a more local scale, each of the 26 retailers does its own projections using methods 

   Table 11.2    Main characteristics of case studies   

 Location  Forecasting scale  Forecasting method 

 Southern 
California, 
USA 

 Regional level 
( Metropolitan water 
district of Southern 
California ) 

 Statistical multivariate model to forecast per capita 
consumption (PCC). Combined with end-use model 
to assess the effects of water conservation measures 
and impact of changing plumbing code (regional 
level) 

 Public utility level 
( Eastern municipal water 
district, riverside county , 
 700,000 inhabitants ) 

 Demand forecast mainly based on a spatialized 
database (GIS) referencing all potential future 
residential/commercial constructions/ developments 

 Thames 
Water, UK 

 Water resource zone 
(sub-regional scale, 13.5 
million inhabitants) 

 Residential demand forecast using a micro- 
component modeling used to forecast future PCC 
values, considering changes in plumbing code, 
increase percentage of metered houses, and water 
effi ciency measures (including water conservation 
oriented rates). 
 Non-residential demand forecast using a statistical 
multivariate model 

 Western 
Australia 

 State level  Multiple water use coeffi cient model (60 types of 
users, 19 regions) combined with population and 
economic activity forecast models. Allows forecasting 
the impact of macro-economic changes on total water 
demand 
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based on a survey of future development projects. These forecasting tools are 
described below in greater detail.  

4.2     Demand Forecast by the Regional Importer 

 To project the long-term evolution of drinking water demand, MWD calls on a 
sophisticated forecasting model developed from the IWR-MAIN program, which 
allows projected population and economic growth to be translated into drinking 
water demand, while simultaneously integrating the effect of programs to promote 
water conservation measures. The tool relies on a combination of two types of mod-
els (MWD  2010 ): (i) an econometric (statistical) model that simulates the evolution 
of consumption ratios; and (ii) a model of end uses that simulates the effect of con-
servation programs. 

 The statistical model decomposes the forecast according to types of use (household, 
commercial, industrial, and public), geographical sector (over 50 sectors at MWD), 
and season. As to household needs, these are assessed separately in terms of housing 
type (single-family home, large and small collective dwellings, trailers, rural proper-
ties). The model allows the evolution over time of the unitary ratios (m 3  per capita, m 3  
per job) to be simulated in line with the hypotheses regarding the evolution of house-
hold size and revenue, the service rates (price level and structure), the characteristics of 
new housing (single-family or collective, density), and climate (precipitation). The 
coeffi cients of this statistical model were determined by statistical processing (meta-
analysis) of the results from 60 case studies carried out in the US. Industrial and com-
mercial needs are assessed by decomposing the demand corresponding to the main 
branches of economic activities, for which a unitary consumption coeffi cient (m 3  per 
job) is used. This complex statistical model is fi rst used to construct a baseline scenario 
of total demand considering demographic and economic hypotheses. 

 A micro-component model is then used to estimate the decrease in demand that 
can be obtained via water conservation programs. The estimated conserved water is 
then subtracted from the baseline scenario. The micro-component model decom-
poses demand into elementary uses such as toilet fl ushes, washing machines, lava-
tories and showers, watering gardens, car and fl oor wash, etc. Hypotheses are made 
concerning household equipment, how such equipment is used, and leaks (faucets, 
toilets, garden watering systems). These hypotheses can be adjusted to simulate the 
effects, at regional scale, of the proactive water-saving policies engaged by MWD, 
consistent with the policy defi ned at state level (California Water Conservation 
Council). An example of these is the distribution of water effi ciency kits (shower 
heads, aerators, low-volume toilet fl ushers), rebates for the replacement of low- 
effi ciency equipment (US$100 for washing machines, for instance), conducting 
consumption audits on private or commercial users with a view to reducing outdoor 
use, etc. The model also allows the trend effect of the evolution of factory standards 
(plumbing code) for the equipment being simulated (for example, prohibiting the 
sale of toilet fl ushers with a capacity exceeding 6 l).  
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4.3     Demand Projection at the Scale of Water Services 

 At a more local level, water retail utilities (municipal water districts) have devel-
oped forecasting methods that are more detailed in terms of both their spatial and 
temporal resolution. The main objective is to make a global assessment of resource 
needs so as to plan investments in new resources (a plant for desalinisation of brack-
ish groundwater, for example) that can be substituted for water purchased from 
MWD. Forecasting also aims to determine the spatial distribution of future needs in 
order to plan for reinforcement or development of the distribution network and stor-
age infrastructure. As the projections are developed in largely the same way by a 
majority of services, we are presenting here the approach implemented by one of 
these services, the Eastern Municipal Water District (EMWD). 

 Located in Riverside County, some 120 km east of Los Angeles, this service sup-
plies water and sewage treatment to approximately 700,000 inhabitants. Because of 
the saturation of urban zones nearer Los Angeles, the area has been experiencing 
vigorous population growth for a number of decades. Growth often exceeded 10 % 
per year between 1980 and 1990, before leveling off at 3 % per year between 1990 
and 2010. It is expected to remain at this level up to 2025. The development of low- 
density single-family housing generates a strong demand for water due to outdoor 
uses (gardens and swimming pools). The extremely rapid growth in demand result-
ing from this necessitates a strong anticipatory ability; otherwise investments made 
could become poorly suited even before they are amortised. In the worst case, a 
failure to meet supply needs would entail considerable cost to the local economy. 

 To assess future needs, EMWD relies on existing prospective studies, which it 
supplements with its own analyses. To predict the long-term demographic trend at 
the scale of its territory, EMWD adopts the population growth predictions prepared 
by the Southern California Association of Governments in the framework of the 
Transportation Plan. An additional study is then assigned to a specialised consul-
tant, who determines the characteristics and spatial distribution of housing liable to 
be built to accommodate incoming population to 2030. Changes in the urban envi-
ronment (types of housing erected) is considered an essential factor in determining 
future water demand. The study consists of an in-depth analysis of the dynamics of 
the real estate market, which integrates macro-economic factors (employment, rev-
enue, credit) as well as more local ones (distance to centers of employment and the 
attractiveness of the territory, including crime levels, the quality of schools, real 
estate prices, compared to competing territories). 

 To complete these projections, EMWD is developing a spatial database (GIS) 
that allows the potential for building new housing to be estimated from urban plan-
ning documents. This base, the Database of Proposed Projects, also makes it pos-
sible to identify and follow up on the advancement of all the residential or economic 
development projects in its territory, from the design phase through to when the 
meters are installed. In 2005, this database described 150,000 housing units, both 
single-family and collective, as well as some 10,000 acres of commercial, indus-
trial, or public land (parks, establishments serving the public). This approach makes 
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it possible to anticipate in detail the future demand for water some 2–5 years hence. 
It supplements the other approaches with a more distant timeframe. The approach is 
updated every 5 years in conjunction with planning conducted at a larger geographic 
scale by the regional importer, the Metropolitan Water District. 

 EMWD then takes the population and urban development projections and uses 
them to calculate future water demand, using per capita consumption coeffi cients 
that are adjusted according to the type of housing development (density, lot area, 
price, average household revenue, etc.), bearing in mind a steady rise in income of 
its population and a decrease in the number of individuals per household. These 
ratios are estimated on the basis of a detailed analysis of billing databases. Ultimately, 
demand is estimated for seven categories of users: domestic users in single-family, 
collective housing, commercial customers, industrial customers, public users, insti-
tutional users, or green areas and farmland (see Fig.  11.2 ). EMWD also estimates 
the water conservation that may be achieved in the future, either passively (improved 
performance of the water appliances sold) or actively (via programs of specifi c mea-
sures intended to modify practices and behaviors – in particular, the establishment 
of tariff incentives by increasing tiers). EMWD also regulates new developments 
requiring water-effi cient landscaping. Their Water Use Effi ciency Regulations 4  are 
similar to other areas that design effi ciency into new developments. Future water 
demand will, by design, differ from the historical one. EMWD’s methodology 
allows this refi nement to be included in the forecasts by having the demand from 
future customers adjusted by municipal or county codes.  

4   See EMWD Water Use Effi ciency Regulation at:  http://www.emwd.org/index.aspx?page=91 
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  Fig. 11.2    Projection of the evolution in water demand according to user category (millions of m 3  
per year) (Source: Adapted from the Eastern Municipal Water District Urban Water Management 
Plan, 2005.)       
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 EMWD also issues a projection of sales of recycled waste water that it has been 
developing for specifi c uses since 2000 as a substitute for drinking water (Fig.  11.3 ). 
Globally, the projection method developed by EMWD takes a very large number of 
factors explicitly into account: demographic and economic growth; the evolution of 
housing types; the effect of rate changes; the establishment of programs encouraging 
water conservation; a downward trend in consumption resulting from the evolution 
in performance of the materials sold; and the development of substitution resources.    

5     The United Kingdom: The Micro-Component Approach 

5.1     Regulatory Frameworks and National Guidelines 
for Demand Forecasting 

 In England and Wales, long-run water demand forecasting is mandatory for all 
water service providers. According to the Water Industry Act of 2003, companies 
are under the obligation to develop a water resources management plan (WRMP) 
showing how they propose to balance supply and demand for a 25-year period. 
Plans must be revised every 5 years. 

 The regulators (Ofwat and the Environment Agency) publish and update detailed 
guidelines specifying the methodology for preparing the plan (Environment Agency 
et al.  2012 ). Water companies are required to forecast three main components of 
demand: household use (metered or not), industrial and commercial use, and leakage. 
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  Fig. 11.3    Estimate of expected water savings by the year 2030 (millions of m 3  per year) (Source: 
Adapted from the Eastern Municipal Water District Urban Water Management Plan, 2005.)       
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 As to household demand, water companies must use the micro-component mod-
eling approach. This approach makes it possible to estimate how advances in tech-
nology, changes in society, and the role of regulation will infl uence growth or 
decline in water use over the coming 25 years. This methodology derives from work 
by Herrington ( 1995 ), and has been implemented by the water industry since the 
mid-1990s (NRA and UKWIR  1995 ; UKWIR  1997 ). 

 Two types of forecast must be performed. First, a baseline forecast should be 
established to show how demands are expected to change, assuming existing man-
agement and water effi ciency policies continue, and considering trends in technol-
ogy and behavioral change. This forecast aims at identifying potential planning 
problems (e.g., demand exceeding future available resources). Where a company 
predicts a defi cit in its supply–demand balance, the demand forecast must be revised 
by incorporating a water conservation program the company proposes to implement 
over the 25-year period. The forecast shall be performed at the resource zone level, 
which is the fundamental planning unit. 5  

 These WRMPs were submitted in 2010 to the regulators by the 23 companies 
providing water services to domestic, commercial, industrial, and agricultural con-
sumers in England and Wales. The demand forecasting methodology developed by 
one of these companies, Thames Water, is presented below by way of illustration, 
based on an analysis of the latest version of their plan (Thames Water  2010 ).  

5.2     Thames Water Forecasting Methodology: Overview 

 Thames Water is the UK’s largest water and wastewater services company. It serves 
13.5 million customers in London and the Thames Valley, supplying an average of 
2.6 million cubic meters of drinking water per day. Household consumption 
accounts for approximately 50 % of total water use, non-household consumption 
20 %, and unbilled and operational use 2 %, while leakage is estimated at 28 % of 
total water use. 

 The forecasting methodology developed and implemented by Thames Water is 
based on a modular modeling platform as illustrated in Fig.  11.4 . The fi rst module 
assesses future population and number of households in the water resource zone; the 
second module estimates present and future residential per capita consumption 
(baseline scenario); the third module assesses the impact on per capita consumption 
(PCC) and total demand of policy options (metering program, innovative tariffs); a 
separate model is developed to forecast non-domestic demand. The modules are 
integrated at the water resource zone level and run throughout the 25 years of the 
planning timeframe.  

5   A resource zone is defi ned as one where water taken from anywhere within the zone can be sup-
plied to any other location in the zone. There are 68 resource zones in England and Wales. Resource 
zones are therefore relatively large units compared to what is found in other European countries 
where water services are still frequently operated at a local (municipal) level (e.g. France). 
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5.2.1     Population Forecast 

 The approach developed by Thames Water to forecast future population is of inter-
est insofar as it combines several methods. The fi rst method reconciles the sub- 
national trend based population projections developed by the Offi ce for National 
Statistics (ONS) with policy-driven housing projection defi ned in the regional plans 
(regional spatial strategies). 6  This work, entrusted to a consulting company, led to 
the defi nition of a “most likely” population forecast, a forecast subsequently 
adjusted by including estimated clandestine and short-term migrant populations 
(estimated to exceed 280,000 persons). Finally, Thames Water commissioned a 
study to assess the impact of the 2008 economic crisis on employment and popula-
tion growth. It was assumed that the effects of the crisis would be temporary and 
that by 2021 recovery would be full, achieving the levels of population and house-
hold numbers projected in the most likely scenario. Overall, Thames Water predicts 
a rise from 8.5 million inhabitants in 2007/08 to 10.2 million by 2034/35, this 
increase taking place essentially in the London Water Resource Zone (1.3 million).  

6   Regional spatial strategies (RSSs) set out how many homes are needed to meet the future needs 
of the population in the region. They are policy driven and include planned development initiatives 
by local authorities. 

  Fig. 11.4    Overview of the demand forecasting methodology implemented by Thames Water 
(Source: own elaboration)       
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5.2.2     Per Capita Consumption Modeling and Forecasting 

 In line with industry best practice, Thames Water has assessed present and future 
household PCC at the micro-component level, examining the ownership, frequency 
of use, and volume per use of a range of water-using appliances. Water use per per-
son is infl uenced by several factors, the main ones being: household occupancy; 
water consumption of appliances, fi xtures and fi ttings in the property; householders’ 
water use behavior; garden use; and whether the property is metered. The PCC 
model is calibrated using household data collected through wide-scale surveys car-
ried out every few years (2003, 2007). 7  Additional information procured by moni-
toring water use in 78 households is also used, as well as results of studies conducted 
in other regions of England and Wales. Current water use is depicted in Table  11.3  
below.

   This model is then run to forecast values of PCC increase over a 30-year period, 
assuming changes in future usage based on research and survey data. The main 
assumptions of the baseline scenario are: replacement of older-model toilets with 
more effi cient ones every 15 years; increased equipment with power showers; 
reduction of wastage which is higher for unmetered households than metered ones 
(9 liters/person/day against 2.6 L/p/d). Thames Water also considered that domestic 
consumption would decrease to 125 L/p/d by 2015 in all new properties, following 
the introduction of new building regulations for fi xtures and fi ttings. The impact of 
decreasing household size is also considered. 

 Over the planning period out to 2035, Thames Water assumes an increase in 
water consumption for showering (+24 %) due to more people using showers as 
opposed to baths (−8 %), as well as the increasing popularity of power showers. 
Other micro-components are decreasing, such as dish washing (−1 %), clothes 
washing (−3 %), and toilets (−10 %) due to improved technology integrated by the 
manufacturers of these devices. Toilet fl ush volumes also decrease over the period 

7   In 2007, some 60,000 questionnaires were sent out, with 9650 returns. 

   Table 11.3    Current water use per micro-component, for measured and non measured households 
all water resource zones of Thames Water   

 Use per micro-component 
(in % of total household consumption)  Measured households  Unmeasured households 

 Toilet fl ushing  22  23 
 Bath use  12  12 
 Shower  19  10 
 Clothes washing  8  7 
 Dish washing  6  5 
 Garden use  10  8 
 Miscellaneous use  21  20 
 Wastage  2  9 

  Source: Thames Water ( 2010 )  

J.-D. Rinaudo



259

as water fi ttings regulations and the increased availability of lower fl ush volume and 
dual fl ush toilets take effect. Overall, short-term reductions resulting from natural 
replacement of ineffi cient appliances with newer, more effi cient ones are expected 
to be counterbalanced in the intermediate to long term by an increased ownership of 
power showers. Climate change is also expected to increase outdoor uses by 4–6 % 
by 2035 (garden watering). PCC is forecast for the 25 years of the planning period; 
in 2035, it is expected to exceed today’s value (157 L/p/d) by 6 L/p/d.  

5.2.3     Final Household Demand Forecast 

 The PCC model outputs are imported into the fi nal household demand model, where 
additional assumptions can be formulated as to water effi ciency policies the com-
pany intends to introduce during the 25-year period. The installation of meters is 
expected to result in a 10 % decrease in PCC, and even up to 20 % if automated 
meter reading (AMR) equipment is installed, as these can help detect leaks and 
wastage in individual properties (using devices likes  LeakFrog ). Another option 
considered is the introduction of sophisticated tariffs such as increasing block tariffs 
(IBT) or seasonal/peak tariffs, which are assumed to produce an additional 5 % 
reduction in demand. Thames Water expects that such tariffs will only be able to be 
implemented after 2017, when the level of meter penetration has exceeded 50 %.  

5.2.4     Non-household Demand Forecast 

 Non-household demand forecast is based on a simple econometric model that estab-
lishes a linear statistical relationship between water use and employment. Data used 
to estimate this model are those in the Thames Water commercial database (mea-
sured commercial water deliveries) and statistical information on employment for 
an 8-year period. Data for industries were pooled into two main groups: service and 
non-service. For both groups, the elasticity of demand for water with respect to 
employment is approximately +0.8. In other words, this means that a 10 % increase 
in employment will lead to an 8 % increase in water demand for water, all else 
remaining equal. A separate equation is then estimated for 35 main categories of 
economic activity (classifi cation based on standard industrial classifi cation codes), 
assuming a +0.8 employment elasticity and estimating a specifi c intercept value for 
each activity. 

 The econometric model was then used to simulate the impact on water demand 
of economic and employment scenarios, which were prepared by a consultant. 
Overall, Thames Water expects the downward trend in demand from non-service 
industries to continue (mainly food, drink, and tobacco industries), falling by almost 
25 % between 2007/08 and 2025/26. This is compensated by an increase in service 
industries, resulting in a slight increase of industrial water demand.  
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5.2.5     Uncertainty Assessment 

 The uncertainty of the model presented above was assessed by Thames Water con-
sultants using a Monte Carlo approach as described in  Sect. 3 . Figure  11.5  depicts 
the type of output obtained with this probabilistic approach. It provides an envelope 
within which future water demand is likely to fi t.     

6      State-Level Forecasting in Western Australia 

 Western Australia is the third example we have selected to illustrate current prac-
tices in urban water demand forecasting. Here, the forecast is based on a much more 
global model that estimates water demand for 60 different economic sectors, regard-
less of where the water they use comes from (self-supplied users or customers of 
public schemes). This global model was developed by the Department of Water and 
its results used by water companies such as the Water Corporation of Western 
Australia, which supplies drinking water to approximately 1.7 million people 
throughout the state of Western Australia (1.4 million in Perth). 

6.1     Overview of the Forecasting Approach 

 Water demand forecasting is based on the development of a customised modeling 
tool which was applied to the entire State (Thomas  2008 ). This model relies on a 
multiple coeffi cient approach consisting of: (i) estimating water use coeffi cients for 

  Fig. 11.5    Example of uncertainty profi le of water demand for London (Adapted from Thames 
Water ( 2010 ), p. 96.)       
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60 types of users and (ii) assessing future evolution of these uses, in terms of popu-
lation (residential demand) or economic model (added value and employment). 

 Concerning commercial and industrial uses, water use coeffi cients (liter/job/day 
or liter/$ of added value/day) are estimated for a base year using a licensing data-
base and water companies’ customer databases. These are assumed to remain con-
stant throughout the planning period. The projection of added value and employment 
is based on a large-scale regionalised economic model 8  which produces three main 
outputs: the industry added value (sum of wages, salaries, and profi ts) measured in 
Australian dollars; industry employment; and total population. All model parame-
ters and predictions are differentiated according to 19 geographical regions. 

 As to domestic water use, coeffi cients are adjusted to account for a declining 
trend in per capita water use. It is assumed that households will manage to reduce 
water use from a current 290 liter/person/day level (average from 2002 to 2008) to 
275 L/p/d. 9  This represents a simple attempt to anticipate the effects of demand 
management intervention. However, the model does not allow the specifi c effect of 
each alternative water conservation measure to be simulated, as shown in the 
Thames Water example above. 

 Once total demand has been estimated for each of the 60 sectors and 19 regions, 
the model calculates the probable water demand for public schemes in each of the 
19 regions. This is based on the assumption that the proportion of total water demand 
that is met through a scheme supply will remain the same as in 2008 (for each of the 
60 sectors). The model does not therefore anticipate possible changes involving 
substitution of scheme water for self-extracted water or vice versa. 

 Compared to other modeling approaches presented earlier, the strength of this 
model resides in two aspects. The fi rst is its ability to link future water demand to 
anticipated impacts of macro-economic trends on the demand for water. 10  This is a 
key advantage for forecasting global water demand at the regional level, which is 
the scale at which the Water Corporation of Western Australia operates. It would, 
however, be of little relevance for use at the level of small to medium water 
utilities. 

 The second strength of the model lies in its ability to assess the proportion of 
demand met by private sources. This information is often absent in water demand 
forecasting studies, possibly resulting in an overestimation of demand for scheme 
water. This is notably the case for residential water demand when the proportion of 
households equipped with private wells is signifi cant. This applies to Western 
Australia (see chapter 7 in this book), where water drawn by households from pri-
vate wells amounts to half that supplied by public schemes, but also to some 

8   A dynamic general equilibrium model was used in this case. Water demand forecasting reports, 
however, do not provide details concerning it. 
9   These demand assumptions refl ect gains made in water use effi ciency over the past 10 years: 
water use was about 500 L/p/d in 2000/01. 
10   Note however that the model cannot predict the development of totally new activities. 
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European regions where the number of private wells is rapidly increasing 
(Montginoul and Rinaudo  2011 ).  

6.2     Accounting for Uncertainty with Scenarios 

 Projected growth rates for added value, employment, and populations are estimated 
for several contrasting scenarios to account for uncertainty over future economic 
development. Four economic and population growth scenarios for future water use 
have been developed. Note that these scenarios are quite optimistic, given that they 
were designed prior to the 2008 economic crisis. 

 The medium growth scenario assumes that the current rate of development of the 
resource-based industry continues until around 2014, after which the growth rate 
declines to historical levels; water use per unit of output is assumed to remain con-
stant. The high-growth scenario assumes that the resource boom continues longer, 
resulting in a high economic growth rate sustained through to 2030; as in the fi rst 
scenario, water use per unit of output is assumed to remain constant. The low- 
growth scenario considers a decline in growth rate with stabilisation close to histori-
cal levels in 2020; water use per unit of output also remains constant. Finally, a 
climate change scenario assumes changes in the production pattern at the regional 
level (decline of agriculture and related industries, increase in forestry, mounting 
investment in defensive expenditures, particularly in sectors affected by sea-level 
rise; water use per unit of output increases due to declining rainfall). The range of 
results obtained is depicted in Fig.  11.6 .    
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  Fig. 11.6    Total water demand forecast in Western Australia under different macroeconomic and 
climate scenarios (Source: Adapted from Thomas ( 2008 ))       
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7     Discussion and Conclusion 

7.1     An Outlook for the Water Industry 

 The scientifi c interest for water demand forecasting methodologies was spurred by 
water supply problems encountered by states in south-western USA during the 
1970s and 1980s. Its development has benefi ted from contributions by economists, 
engineers, and system modelers, producing a wide range of tools, many of which 
have been tested and adopted by practitioners. This chapter has illustrated, via three 
case studies, how forecasting tools can be implemented in practice. The three exam-
ples show that there is no single ‘off the shelf’ forecasting tool that can be applied 
universally. Different modeling tools can be used depending on the regulatory con-
text, the water scarcity level, the geographic scale at which they are deployed, and 
the technical background of water utilities and their consultants. For instance, the 
San Francisco Public Utility Commission used an end-use model, while the 
Metropolitan Water District of southern California used a customised application of 
IWR-MAIN, despite the fact that they are in a relatively comparable situation as 
public water wholesalers. Similarly, the same attention has not been devoted to the 
impact of climate change in demand forecasts prepared in California, the UK, and 
Western Australia, this issue being approached using very different methodological 
perspectives. Uncertainty is also dealt with via very different approaches in our 
three examples: while not formally assessed in regional water demand forecasts in 
California, it is analysed through Monte Carlo simulations by UK water companies 
and through a discrete number of contrasted scenarios in Australia. And while land 
use development planning and water demand forecasting are well integrated in the 
Eastern Municipal Water District, this issue is given little consideration in the UK 
and Australia. 

 Considering climate change and prospects for increased water scarcity in some 
parts of the world, one might expect that increasing numbers of utilities will have to 
invest in forecasting activities in the near future. In other areas characterised by 
declining per capita water use, improved forecasting capacity is needed to avoid 
costly investment decision errors (Beecher and Chesnutt  2012 ). It is likely that com-
posite tools combining econometric models with micro-component models will 
become a reference in the water industry. Indeed, their strength lies in their ability 
to simultaneously account for economic changes and water conservation policies, 
and to allow for an assessment of uncertainty related to population forecast and 
future climate. 

 Such tools will not be developed in a uniform manner. Water utilities will only 
invest in forecasting modeling if the related benefi ts are clearly perceived. This will 
mainly happen in areas where the customer base is evolving rapidly, where invest-
ment options considered involve large sums of money, and where decisions cannot 
easily be revised in time. Also, the development will be facilitated where clear 
methodological guidelines are produced by regulators, as in the UK for instance. 
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This will pave the way for the development of standardised software packages and 
the emergence of broad-based expertise within consulting companies. 

 The development of forecasting practices will be facilitated in large utilities, or 
where public agencies can carry out forecasting studies on their behalf (see the case 
of Nevada, for instance). Indeed, developing, calibrating, and regularly updating 
water demand forecasting models requires signifi cant fi nancial and technical capac-
ities that many utilities around the world are not able to mobilise. For instance, the 
forecasting study conducted by the San Francisco Public Utility Commission (sup-
plying a population of 2.4 million) mobilised over 100 persons working on the 
project for 2 years (Levin et al .   2006 ). 

 Similarly, certain types of models require detailed data that are diffi cult or costly 
to acquire by any single utility. For instance, end-use models require conducting 
large-scale household surveys (or monitors) to estimate appliance ownership rates, 
use frequency, and average use per load. Such models are likely to be more easily 
adopted if governments or the water industry produce generic information that can 
be used by water utilities. Institutions like the Research Foundation of the American 
Water Works Association and the UK Water Industry Research have played a key 
role in that respect, which can explain the widespread use of complex models in 
these two countries.  

7.2     Research Perspectives 

 Most of the models described in this chapter also suffer from the same serious 
weakness, namely that their structures and parameters rely on statistical evidence 
derived from past observations. In the context of rapid technological, climatic, eco-
nomic, and societal changes, some authors argue that the predictive power of these 
methods may be rather limited (Galán et al .   2009 ). They insist on the need to develop 
models that capture the underlying causal relations determining the evolution of 
water demand under changing structural conditions. This implies explicitly model-
ing how users (households in particular) take decisions concerning water use prac-
tices, the purchase of appliances, and investment in alternative water supply sources 
such as rainwater harvesting systems, in-house grey-water recycling, or the drilling 
of private wells. 

 Research is presently on-going in that fi eld, using different approaches. 
Rosenberg et al .  ( 2007 ) have modeled household water use by explicitly describing 
multiple sources that can be used at different prices and with different water quali-
ties suited to specifi c uses. Their model then looks for the least cost combination of 
actions that allows a household’s water needs to be satisfi ed in a stochastic environ-
ment. They show how this can help quantify demands for indoor and outdoor uses 
and how customers may respond to water conservation incentives embedded in a 
tariff structure. Micro-economic models have also been used to simulate a house-
hold’s water supply decision, assuming that users are trying to minimise the cost of 
water supply through an optimal combination of water sources. This approach was 
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implemented in France, for instance, to simulate how households decide to drill 
wells and use cheap untreated groundwater as a substitute for tap water (Montginoul 
and Rinaudo  2011 ). 

 Social modelers adopt a much broader perspective by explicitly taking into 
account social phenomena that affect water demand, and the interaction between 
them. As compared to microeconomic approaches, they attempt to describe intra- 
population dynamics. This is mostly done through the development of agent-based 
models (ABMs) that aim to simulate the functioning of a society based on a detailed 
representation of individual agents’ decisions and the interactions between them. 
Water demand ABMs can simulate households’ decisions in terms of technology 
change (diffusion of innovation), compliance with regulations (irrigation bans), and 
volume use per load or per activity (showers). One of the main features of ABMs is 
their assumption that households are community-oriented agents, meaning that their 
decisions and actions are strongly infl uenced by the community around them, their 
neighborhood, and their social environment (Athanasiadis et al .   2005 ). For instance, 
households may agree to voluntarily reduce water use during droughts, but they 
may quickly shift back to their initial practices if they realise that most of the com-
munity is making no effort. Another key feature consists in assuming heterogeneity 
of agent characteristics and behavioral motivations, resulting in a greater diversity 
of responses to regulatory and economic policy signals and incentives. For instance, 
Athanasiadis et al. ( 2005 ) consider three main types of consumers: (i) households 
sensitive to water conservation objectives, who are directly impacted by informa-
tion campaigns and actively promote the diffusion of innovative practices in their 
social networks (opinion leaders); (ii) households indifferent to public awareness 
campaigns and insensitive to social issues, who will have a negative attitude towards 
conservation; and (iii) households who act as opinion followers and who will engage 
in conservation as a result of their interactions with opinion leaders. ABMs can be 
combined with other models. In the DAWN model developed by Athanasiadis et al .  
( 2005 ), for instance, an econometric model is nested within an ABM; the economet-
ric model is used by agents to calculate their baseline water consumption before 
agents take decisions related to water conservation activities based on social inter-
actions with their neighbors. This modeling approach has only been used in a lim-
ited number of research studies in the UK (Bartélémy  2008 ), Greece (Athanasiadis 
et al .   2005 ), and Spain (López-Paredes et al .   2005 ; Galán et al .   2009 ). To our knowl-
edge, it has not been used as a planning tool by water utilities, but rather as tools to 
“aid in advancing our knowledge about the complex dynamic of the whole water 
management system” (Galán et al .   2009 ). Integrating such models with existing 
tools and promoting operational applications and deployment by water utilities rep-
resents a real challenge which, we believe, should be taken up by researchers.      
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    Chapter 12   
 The Use of Non-pricing Instruments 
to Manage Residential Water Demand: 
What Have We Learned? 

             Maria     A.     Garcia-Valiñas     ,     Roberto     Martínez-Espiñeira     , and     Hang     To    

1            Introduction 

 Water plays a crucial role in the development and growth of communities. Rising 
populations and global warming – which potentially mean bigger demand for water 
and less supply – make water management an increasingly complex policy issue. A 
range of solutions have been proposed to manage imbalances between water avail-
ability and water demand. The traditional approach to address water shortages was 
to exploit new supply sources. However, there is increased interest in measures of 
demand-side management (DSM), which aim to promote residential water conser-
vation. Equally, researchers (e.g. Renwick and Archibald  1998 ; Howarth and Butler 
 2004 ) and environmental organizations (e.g. UK Environment Agency  1997 ; 
USEPA  2002 ) have recommended an ‘integrated water resource management’ 
approach in which DSM policies to reduce consumption are combined with supply- 
side policies. 

 The literature on water demand management deals extensively with market- 
based policies aimed at moderating consumption, in particular water pricing 
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(Arbués et al.  2003 ; Dalhuisen et al.  2003 ; Worthington and Hoffman  2008 ). 
However, non- pricing policies have also been considered as an alternative, or com-
plementary, tool to control residential water consumption (Ferrara  2007 ; Worthington 
and Hoffman  2008 ). The installation of water-effi cient devices (water-effi cient 
washing machines, low-volume/dual-fl ush toilets, low-fl ow shower heads, etc.) has 
been shown to potentially be an effective way of reducing water consumption. 
Educational campaigns oriented to change water use habits (turning off the tap 
when brushing one’s teeth, or waiting until the washing machine or dishwasher is 
full before use, etc.) can also achieve considerable water savings. 

 In Sect.  2  we assess, based on a survey of the empirical literature, the impact on 
residential water consumption of the main DSM non-pricing tools. In Sect.  3  we 
look at the advantages and disadvantages of different policies and analyse the rela-
tionships between pricing and non-pricing policies, followed by a conclusion in 
Sect.  4 .  

2      Non-pricing Policies and Their Impact on Residential 
Water Demand 

 DSM policies can be classifi ed into two main categories: regulatory policies and 
market-based policies. The former employ instruments such as restrictions on water 
use, quotas, education, persuasive messages, and moral suasion. Market- based poli-
cies include water pricing and monetary incentives such as subsidies aimed at 
encouraging households to make water-saving choices. These two categories cor-
respond to the classical view (e.g. Weitzman  1974 ; Stavins  1996 ), which differenti-
ates between quantity-based and price-based policy instruments. 

 Most research in the fi eld of water demand management has focused exclusively 
on the effect of price, climate, and socio-economic characteristics when modelling 
residential demand. We know much less about the effectiveness of public informa-
tion campaigns, education campaigns, voluntary retrofi t schemes, water-effi ciency 
labelling schemes, and other non-price conservation programs in encouraging 
households to adopt water-saving devices and undertake water conservation. 

 One key issue when trying to evaluate the effectiveness of non-pricing water 
conservation policies is that, in practice, demand-side management campaigns often 
involve the simultaneous implementation of a number of tools, both of the pricing 
and non-pricing type (Kenney et al.  2008 ). In order to be able to identify the saving 
potential of a given tool, a high level of information disaggregation is required 
(Inman and Jeffery  2006 ). It is also useful to have a control sample available in 
order to understand relative water savings (Turner et al.  2005 ), because absolute 
savings in a given season will not account for other factors such as climate or extra 
restrictions which can signifi cantly change household demand from year to year. 

 We classify non-pricing tools according to four main categories: technological, 
educational, informational, and regulatory (Inman and Jeffery  2006 ). Next we 
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describe these DSM tools and the results from the empirical literature on their 
impacts on residential water demand. 

2.1     Technological Tools 

 The so-called ‘engineering approach’ (   Campbell et al.  2004 ) involves retrofi t pro-
grams of water-effi cient devices based on the distribution, rebates, subsidies, or 
installation of water-effi cient devices such as water-effi cient washing machines, 
low-volume or dual-fl ush toilets, water fl ow restrictor taps, low-fl ow shower heads, 
etc. A lot of indoor residential water consumption happens in the bathroom, with 
showering and bathing accounting for a large proportion of total indoor domestic 
use. Kitchen activities also require large volumes of water. Effi cient washing 
machines and dishwashers are well-known water-saving technologies, as well as 
systems that directly waste water from the hand basin or shower/bathtub to the toi-
let. Some shower systems give an option to recycle the water that allows people to 
have longer showers with minimal waste. The main saving technologies for outdoor 
uses focus on water-effi cient irrigation techniques. 

 In practice, the water savings achieved from installing water-saving devices vary 
for several reasons. Not only is it important to consider the difference in water use 
before and after retrofi tting an appliance, one must also take into account that water 
users react in different ways to the installation of a water-saving device. 

 Several studies have evaluated the effectiveness of policies aimed at promoting 
the installation of water-saving devices. For example, Grafton et al. ( 2011 ) used 
data for 10 OECD countries to build a model of residential water demand and found 
that the presence of a low-volume or dual-fl ush toilet can reduce household water 
consumption by 9–25 %. Renwick and Archibald ( 1998 ) studied the effectiveness 
of both pricing and conservation programs in Southern California during the 1987–
1995 drought and found that increasing the number of low-fl ow toilets and shower-
heads by one unit decreased residential water consumption by 10 % and 8 % 
respectively. This study also showed that pricing and conservation policies can have 
different effects on low income households compared to high income households. 
Renwick and Archibald ( 1998 ) identifi ed the main advantage of retrofi tting domes-
tic plumbing fi xtures as securing signifi cant long-term savings while requiring no 
change in household behaviour. 

 In another study based in California, Corral et al. ( 1999 ) examined the effect of 
pricing and non-price conservation programs on water use and conservation behav-
iour in three water districts in the San Francisco Bay Area; the study focused on a 
10-year period that included drought years. The authors considered a variety of 
conservation programs, including billing information, conservation education, use 
restrictions, landscaping programs, and plumbing retrofi t programs; the work 
showed that pricing can effectively reduce water use but that its effect is mitigated 
when non-price conservation measures are accounted for. 
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 Michelsen et al. ( 1999 ) investigated the effectiveness of the major non-price 
 conservation programs implemented during an 11-year period in seven cities in the 
south-western United States. The technological tools considered in this study 
included widespread distribution and selected installation of retrofi t devices, resi-
dential audits, and water-effi cient appliance rebates. They found signifi cant reduc-
tions in water use ranging between 1.1 % and 4.0 % per program. However, due to 
lack of information, they failed to distinguish the effectiveness of specifi c types of 
programs, since utilities do not always maintain detailed and consistent information 
regarding the implementation of non-price tools. 

 Among the most popular policies they considered were subsidies to encourage 
adoption of more water-effi cient technologies. Renwick and Green ( 2000 ) reported 
that the effect of retrofi t programs was to reduce household water demand by 9 %. 
This is a substantial reduction compared with the effect of prices. For example, 
Renwick and Green ( 2000 ) found that a 10 % increase in water price leads to a 4 % 
reduction in water consumption. Similar results were found by Renwick and 
Archibald ( 1998 ), with a reduction of about 2 %. 

 Keeting and Styles ( 2004 ) found that a program to replace and install effi cient 
toilets led to a reduction of 16 % and 5 % in water consumption in old houses and 
new constructions, respectively. Turner et al. ( 2005 ) reported that the Sydney Water 
Company’s  Every Drop Counts  retrofi t program achieved savings of approximately 
8 %. Similarly, Kenney et al. ( 2008 ) showed that participation in an indoor rebate 
program reduced household demand by approximately 10 %. However, in a number 
of cases in the UK and USA, retrofi t programs involving the installation of low- 
fl ush toilets were shown to be ineffective. 

 In Arizona, Campbell et al. ( 2004 ) estimated a reduction in water use of about 
3.5 % due to a regulation imposing the installation of low-fl ow fi xtures and devices. 
However, they found increases of about 3.8–4.6 % in water use after the installation 
of free retrofi t device kits. Another policy based on having similar devices installed 
during in-house visits involving person-to-person communication led to signifi cant 
water savings of 2.4–6.4 %. The authors suggest that the result of these policies may 
depend on whether the equipment is distributed for free or the resident actually 
makes investment to install it. Results in Campbell et al. ( 2004 ) raise the issue of a 
possible rebound effect, in which water use increases after the installation of water- 
effi cient equipment. That is, after installing water-saving technologies, households 
adapt their water use practices and behaviours in such a way that the overall effect 
is an increase in water use. However, Bennear et al. ( 2011 ), using data from North 
Carolina regarding high-effi ciency toilet installation, found no evidence of a 
rebound effect. However, they did show that water savings attributable to the rebate 
program were less than one-half the actual savings associated with the installation. 

 Renwick and Archibald ( 1998 ) showed that signifi cant variations in outdoor 
water use can be attributed to lawn reticulation systems. Households with automatic 
sprinkler systems consume more water than households that use manually operated 
irrigation systems (Syme et al.  2004 ). This inverts the standard thinking that auto-
matic reticulation systems promote outdoor water conservation. 
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 More recently, Lee et al. ( 2011 ) studied the impact of water conservation 
incentives (including rebates and unit exchange programs for showerheads, toilets, 
and clothes washers) for residential users in Miami–Dade County, Florida, for the 
fi rst 4 years after implementation. Although reductions in water demand of 6–14 % 
occurred during the fi rst 2 years, savings during the third and fourth years were at a 
lower rate.  

2.2     Educational Tools 

 Public information programs often convey messages to consumers about the impor-
tance of water conservation and of methods to achieve it, believing that the deeper 
the knowledge about environmental problems and the way to solve them, the higher 
the probability that consumers will choose to protect the environment (Kollmuss 
and Agyeman  2002 ). 

 Public information and education programs can be designed with an informative 
and/or moral-suasion orientation. Both aim to change households’ routines and hab-
its. However, the former only provides information on how to reduce water con-
sumption and/or conserve or reuse water, while the latter stresses the importance of 
conserving water. In general, economists are rather cautious regarding the effects of 
moral suasion, although it is commonly used policy tool. 

 Engaging the public in water conservation is an important objective of DSM 
policies. Nieswiadomy ( 1992 ) estimated the effects of public information cam-
paigns on water conservation for four regions in the USA, and found that the public 
information campaigns only had a signifi cant impact on reducing water demand in 
the west of the country. UKWIR ( 1998 ) showed that the water savings in the UK 
resulting from public information campaigns was about 7.6 %. Renwick and Green 
( 2000 ) reported that public education campaigns reduced water consumption by 
about 8 %. Martínez-Espiñeira and García-Valiñas ( 2013 ) found that educational 
campaigns appear to have a positive effect on both the decisions to adopt water 
effi cient investments and habits. 

 However, not all studies show that public information campaigns are so effective 
(Howarth and Butler  2004 ). Syme et al. ( 2000 ) found that the effectiveness of water- 
saving media campaigns in drought situations, as indicated by regression-based 
analyses, to be very limited; however, possibly more accurate qualitative reviews 
and quasi-experimental evaluations have led to greater savings estimates (roughly 
10–25 % savings in overall consumption in the short term). One key difference 
between technological tools and education tools involves the differences between 
short-run and long-run effects. For example, Fielding et al. ( 2013 ) describe an 
experimental study involving 221 households designed to test the long-term impact 
of three different interventions on household water consumption in South East 
Queensland. Each household was allocated to either a control group or one of three 
interventions groups: water saving information alone, information plus a descriptive 
norm manipulation, and information plus tailored end-user feedback. Smart water 
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metering technology was then used to observe changes in behaviour and to test the 
effectiveness of the different demand management interventions. All intervened 
groups reduced consumption (11.3 l per person per day on average) during the inter-
ventions and for some months afterwards, leading to signifi cant water savings. 
However, in all cases the effect of the intervention eventually dissipated and con-
sumption returned to pre-intervention levels after about a year.  

2.3     Informational Tools: Labelling Schemes 

 There is a very wide range in the water effi ciency of water-using appliances, so poor 
access to water-effi ciency information will mean that a user’s ability to save water 
is severely limited. Therefore, a labelling scheme that provides information on 
water effi ciency and/or water use of appliances (such as showerheads, washing 
machines, dishwashers, and toilets) can be regarded as a non-pricing policy. Often 
labelling schemes specify a rating for level of effi ciency and the water-effi ciency 
level required for each rating; they sometimes include a label design that encour-
ages and enables buyers to compare the water effi ciency of different appliance mod-
els. Water labelling is expected to raise public awareness about water issues and to 
change purchasing choices towards the targeted water-effi cient products, thus 
reducing water consumption at the consumer level. Labelling schemes may be man-
datory or, more commonly, voluntary. 

 Australia is an international leader in the labelling of water-using products and 
its scheme has inspired the design of labelling schemes in other countries (Ministry 
of Consumer Affairs  2007 ). Experiences from voluntary labelling schemes, such as 
the Irish Water Conservation Label and the Australian 5-A Scheme, show that few 
suppliers and retailers participate, and so voluntary schemes achieve only limited 
success (European Commission  2009 ). Given that mandatory water-labelling 
schemes have only been introduced fairly recently, little information on their impact 
on water savings is available, and most of the data on water-savings from labelling 
schemes are based on projections rather than actual savings. 

 In Australia, the mandatory water-effi ciency labelling scheme began in 2005. It 
requires that toilets, washing machines, dishwashers, urinals, taps, and showers dis-
play a ‘star rating’ of their water effi ciency at the point of sale. The mandatory 
scheme replaced the voluntary labelling scheme introduced in 1988. George 
Wilkenfeld and Associates ( 2004 ) reported that this voluntary labelling scheme was 
not effective in achieving water savings, since only a small proportion of the avail-
able models were labelled. On the other hand, Chong et al. ( 2008 ) reported a signifi -
cant amount of water savings resulting from the mandatory scheme. They estimated 
that, compared to the voluntary labelling scheme, the total water savings resulting 
from its mandatory counterpart amounted to 1,457 ML (1 ML = 10 3  cubic meters) in 
2006. They projected that, for the period 2005–2021, the total water savings 
achieved through the application of this scheme throughout Australia would be 
approximately 800 GL (1 GL = 10 6  cubic metres), with 36 % of savings derived 
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from shower use and 34 % from washing machines. Toilets and urinals were 
expected to contribute about 23 % of water savings and approximately 6 % of 
 savings from taps and dishwashers combined. 

 New Zealand’s water-effi ciency labelling scheme, similar to Australia’s, came 
into effect in April 2011 and became mandatory in April 2013. Actual savings from 
this scheme are not available. However, a cost–benefi t analysis concluded that New 
Zealand’s labelling scheme could save only a small amount of water, due to the 
absence of volumetric water pricing in many parts of the country (Covec  2004 ). 

 In the United States, the voluntary ‘WaterSense’ label was introduced in 2006 by 
the Environmental Protection Agency to promote the effi cient use of water. The 
labels are available for taps, showerheads, toilets, and urinals in the form of an 
endorsement or mark of approval for water-effi cient products. It has been estimated 
that WaterSense-labelled faucets and faucet accessories can save about 30 % or 
more of water use without sacrifi cing performance (Kaps and Wolf  2011 ). 

 Within Europe, in 2009 the ‘Ecodesign’ directive established water requirements 
for energy-using products such as washing machines and dishwashers and there are 
plans to extend it to energy-related products including taps and showerheads. Kaps 
and Wolf ( 2011 ) estimate the potential water savings across Europe from Ecodesign 
at about 20 % of water use from taps and showerheads.  

2.4     Legislative Tools 

 Under this category, we identify permanent ordinances and regulations which force 
households to adopt a particular behaviour or investment. Some of those tools make 
engineering solutions compulsory. For example, some building ordinances require 
the installation of water-saving equipment or individual metering in new or refur-
bished buildings. 

 Additionally, temporary ordinances and regulations restrict certain types and/or 
times of water use or ration the level of residential use to a specifi ed amount. Such 
impositions might ban residential water consumption for some particular (usually 
outdoor) uses or involve some kind of hourly supply cuts. 

 Water restrictions are perhaps the most intrusive tool among non-price conserva-
tion measures (Michelsen et al.  1999 ), but also one of the most effective (Martínez- 
Espiñeira and Nauges  2004 ; Roibás et al.  2007 ). Restrictions such as periodic bans 
on watering gardens and washing down pavements or driveways in peak water 
demand periods were found to reduce water consumption by 29 % in California 
(Renwick and Archibald  1998 ) and by 25–35 % in Greece (Kanakoudis  2002 ). 

 Kenney et al. ( 2004 ) studied the effects of the restrictions on outdoor water use – 
mainly on limiting the frequency of lawn watering – during the 2002 drought in 
Colorado. Mandatory restrictions were shown to be an effective tool for coping with 
drought in this case, leading to savings measured in expected use per capita of 
18–56 %, compared to just 4–12 % savings during periods of voluntary 
restrictions. 
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 Further evidence on this differential effect between mandatory and voluntary 
restrictions is provided by both Coleman ( 2009 ) and Halich and Stephenson ( 2009 ). 
The former found not only that voluntary restrictions in Salt Lake City (Utah) 
achieved limited reductions in residential water use, but also that water-use restric-
tions implemented without making a concerted effort to enforce them have negli-
gible, or moderate, effects on water use. Similarly, Halich and Stephenson ( 2009 ) 
showed that, during the 2002 drought in Virginia, USA, residential water-use in 21 
municipalities declined in proportion to the level of information and enforcement 
effort. 

 Some countries apply minimum effi ciency standards for residential and com-
mercial water-using appliances and fi xtures. In the United States, minimum effi -
ciency standards apply to nearly all toilets, showerheads, faucets, and urinals 
manufactured after 1994. By 2026, water consumption is projected to drop from 
about 550 L/day to 250 L/day for the average 2.63 person household. Australia is 
considering establishing minimum water-effi ciency standards, and it is expected 
that a mandatory water-effi ciency standard for shower heads and washing machines 
would be about 10 times more effective than the rebate option in terms of projected 
volume of water saved (Chong et al.  2008 ).   

3      Pricing Policies Versus Non-pricing Policies: Advantages 
and Disadvantages 

 As Stavins ( 1996 ) pointed out, policymakers might choose to set an environmental 
goal and then select a policy instrument to achieve it. He also warned that “in the 
presence of simultaneous uncertainty in both marginal benefi ts and marginal costs 
and some statistical dependence between them, benefi t uncertainty expressed 
through the covariance term can make a difference for identifying the effi cient pol-
icy instrument. A positive correlation tends to promote the quantity instrument, and 
a negative correlation favours the price instrument” (p. 229). 

 In general, economic instruments are seen as more fl exible (e.g. Tietenberg 
 1990 ), since they leave it up to the user to choose the best way to face the price; 
consequently they provide marginal incentives for effi ciency in both the short run 
and the long run. Price-based management tools also collect revenue, whereas many 
non-price management tools only involve spending taxpayers’ money, so the result-
ing deadweight loss in taxation must be counted as part of their cost. 

 Most of the regression-based studies that compare pricing and non-pricing 
instruments include a separate variable for each kind of instrument. However, this 
approach sometimes ignores that there could be important synergies among them. 
Some authors (Syme et al.  2000 ; Van Vugt  2001 ) suggest that educational cam-
paigns oriented towards improving household’s knowledge of their water consump-
tion and prices might affect their motivation to respond to pricing schedule changes. 
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However, explaining the relationships between pricing and non-pricing instruments 
is a complex task. According to Inman and Jeffrey ( 2006 ), “this is indicative of the 
diffi culty in distinguishing between people’s different motivation for  displaying 
conservation behaviour” (p. 127). 

 Most non-price instruments are more effective at reducing water consumption, 
and can achieve results with more certainty, than their price-based counterparts, at 
least in the short run (Renwick and Archibald  1998 ; Renwick and Green  2000 ). The 
substantial water price increases necessary to obtain signifi cant reductions in 
demand, and the associated increases in revenue (since water demand is usually 
price-inelastic), are often problematic for water providers – because there is public 
and political opposition to water rate increases and because regulatory constraints 
often prevent non-profi t organizations from earning excess revenue (Michelsen 
et al.  1999 ; Kenney et al.  2008 ). In extreme cases, price-based measures to manage 
water demand are politically unacceptable because some people can pay for overus-
ing the resource while others cannot, whereas the resource should be shared equally 
regardless of income. The effectiveness of water tariffs is poor if the tariffs are not 
well understood, or if habits are strong and the barriers to adopting water-using 
appliances are high. 

 Pricing policies have often been contrasted with water restrictions, that is, 
quantity- based mechanisms to ration demand. Droughts lead to the need for ration-
ing and, although there are various ways to implement it (Winpenny  1994 ), public 
authorities frequently resort to water use restrictions and hourly supply cuts. Several 
studies have focused on the effects of policies aimed at moderating water consump-
tion (e.g. Moncur  1987 ; Woo  1992 ,  1994 ; Renwick and Archibald  1998 ; Renwick 
and Green  2000 ; García-Valiñas  2006 ; Roibás et al.  2007 ; Grafton and Ward  2008 ). 

 Most studies identify  some  rationing regulations as a very effective tool for 
reducing water consumption. For example, Martínez-Espiñeira and Nauges ( 2004 ) 
found that a 9 % increase in price would achieve the same reduction in water use as 
an additional hour of daily supply restriction. However, some rationing regulations 
carry undesirable consequences in terms of effi ciency and equity. Roibás et al. 
( 2007 ), for instance, concluded that “the management of water shortages by imple-
menting supply interruptions is a policy which has clearly regressive effects” 
(p. 239). Additionally, the majority of studies that have compared pricing with sup-
ply interruption have shown that the welfare loss associated to a supply cut is larger 
than the loss linked to an equivalent price increase. 

 Compared with non-price tools, the theoretical advantage of price-based demand 
management tools is a saving in the economic cost of achieving a certain water use 
reduction. However, very few empirical studies have compared the estimated costs 
of achieving a given reduction in consumption through different demand manage-
ment tools. Timmins ( 2003 ) showed that a mandatory low-fl ow appliance regulation 
in 13 cities in California would be less cost-effective than a modest water tax (or 
water price increase) in reducing groundwater aquifer lift height in the long run. 
Similarly, Mansur and Olmstead ( 2011 ) estimated that, compared to residential out-
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door watering restrictions, the welfare gains from a price-based approach added up 
to approximately US$96 per household during a lawn-watering season, which rep-
resented about 29 % of average annual household expenditures on water in their 
sample of urban areas in the United States and Canada. Brennan et al. ( 2007 ) calcu-
lated that the economic costs of a 2-day-a-week sprinkling restriction in Perth, 
Western Australia: allowing hand watering only cost just under AU$100 per house-
hold per season, while the cost of a complete outdoor watering ban ranged from 
AU$347 to AU$870 per household per season. Grafton and Ward ( 2008 ) calculated 
that mandatory water restrictions in Sydney, Australia, resulted in economic losses 
of AU$235 million in 1 year (about AU$150 per household, which was about half 
the average Sydney household’s water bill in the year studied). Similar results sug-
gesting the advantages of price-based conservation tools over restrictions were 
reported by Byrnes et al. ( 2010 ). 

 The cost savings resulting from the use of price-based tools compared to restric-
tion tools can be explained by two factors (Olmstead and Stavins  2009 ): (1) house-
holds facing higher prices rather than quantity restrictions can decide which water 
usage to reduce; and (2) responses to price-based tools can vary between house-
holds, so substitution of scarce water from those households who value it less to 
those who value it more results in a more effi cient allocation of the resource. 
Olmstead and Stavins ( 2009 ) conclude that “using price increases to reduce demand, 
allowing consumers to adjust their end uses of water, is more cost effective than 
implementing non-price demand management programs” (p. 3). 

 Halich and Stephenson ( 2009 ) and Renwick and Green ( 2000 ) show how the 
effectiveness of many non-price measures of water demand management depends 
on the level of their enforcement. It can also be argued that many non-price mea-
sures require intrusive levels of monitoring in order to be effective. Thus, apart from 
being less effi cient, non-price demand management measures can also be intrusive 
and unpopular, which can make them politically unacceptable as long-term mea-
sures to deal with demand imbalances.  

4      Conclusions 

 Our study has reviewed non-pricing policy instruments in DSM and their impacts 
on residential water demand. In general, those instruments are considered more 
effective in reducing water consumption (at least in the short run) and can achieve 
results with more certainty than their price-based counterparts. However, pricing is 
seen as a more fl exible and effi cient tool, allowing for revenue collection. 

 We considered different kind of non-pricing tools – technological, educational, 
informational, and regulatory. Setting out the advantages and disadvantages of each 
instrument offers a clear guide for steering public policies and seeing new possibili-
ties for saving water. Although voluntary schemes appear to achieve limited suc-
cess, mandatory schemes have the potential to bring about much larger water 
savings.     
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    Chapter 13   
 The Social Determinants of Water 
Consumption in Australian Cities 

             Patrick     Troy    

1            Introduction 

 Most cities in Australia periodically face acute shortages of potable water. In most 
of them the supply of potable water comes from sequestering supplies from eco- 
systems away from but close to that in which the urban development occurs. The 
response usually is to try to husband the water sequestered and stored in dams by 
managing the demand to ‘get’ through the dry periods. 

 This approach to the management of an essential supply worked well enough 
during the latter part of the nineteenth and fi rst three quarters of the twentieth 
century. A combination of factors including the consequences of climate change 
that appears latterly to have reduced rainfall ‘run off’, and thus the water captured 
in city catchment areas in some regions. The increase in the population of most cities 
together with increasing per capita consumption in them is now pressing state 
governments that have the constitutional responsibility to manage water resources 
to fi nd ways of responding to demand. 

 Australia is generally acknowledged as the driest continent after Antarctica and as 
the national poem suggests it is a nation that is known for its ‘droughts and fl ooding 
rains’ (Mackellar  1918 ) meaning that Australian cities experiences extreme varia-
tions in the supply of potable water yet their citizens have one of the highest levels 
of per capita consumption. The cities now, however, face a challenge: How do they 
respond to this dilemma of high levels of consumption with a high degree of uncer-
tainty in supply? 
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 This is an obvious research question for those exploring present Australian cities 
and how they might secure supplies of potable water to best meet their demands. 

 In attempting an answer we must fi rst understand a little of the history of the 
supply of urban water services in Australia.  

2     A Little History of Urban Water Services 

 In mid nineteenth century urban settlements in Australia faced critical water 
shortages. All the easily ‘exploitable’ surface water resources progressively failed to 
meet the demand for potable water as the urban populations grew. They also increas-
ingly faced signifi cant diffi culties in managing waste disposal. Outbreaks of disease 
occurred due to polluted water supplies and due to the accumulation of wastes, 
including domestic waste, the breakdown of which provided ‘breeding grounds’ for 
vectors of disease. We do not have the space here to document all of the failures in 
provision of water and sanitation services for all urban settlements but offer the 
evidence presented in Lloyd et al. ( 1992 ) on Newcastle and that found in Dingle and 
Rasmussen ( 1991 ) on Melbourne as typical illustrations of the pressures in and 
experiences of other urban centres in the same period. The Sydney City Council for 
example received many submissions from contemporary medical advisors on the 
water related sanitation and health issues from mid-nineteenth century following 
the path breaking work of Edwin Chadwick ( 1842 ) in England whose report drew 
attention to the need to provide a secure supply of potable water and a separate 
system for the management of wastes became the fundamental argument for the 
development of water services in Australian towns and cities. For a fuller account of 
the Chadwickian solution, see Dingle ( 2008 ).  

3     Water Supplies 

 The nascent water supply agencies in the nineteenth century quickly developed the 
capacity to capture and store secure supplies of potable water from ecosystem 
beyond the boundaries of urban development. They also developed the capacity to 
deliver that water to the burgeoning urban settlements as they grew into cities. The 
adequacy and reliability of supplies led to increased consumption. The adoption by 
urban management authorities of the ‘elegant’ solution of using the cheaply available 
water as the medium to transport troublesome human and domestic wastes to treat-
ment and or disposal sites in turn led to increased fl ows of water borne wastes. 

 Water supply agencies quickly developed the capacity to collect waste fl ows by 
developing sewerage systems that delivered the wastes to central ‘treatment’ plants. 
In the process the sanitary conditions in central areas were refl ected in signifi cant 
improvement in the health of the population. Chadwick ( 1842 ) had recognized the 
opportunity this represented and saw the systems as a way of returning the treated 
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sewage fl ows to the near countryside for use in agriculture. Apart from minor 
experiments in Adelaide and Sydney, the only Australian city that attempted to 
follow Chadwick’s schema was Melbourne which delivered the sewage to a ‘farm’ 
at Werribee, to the west of the city, that produced beef for offi cial consumption. 
The system ultimately failed to cope with the massive increase in sewage fl ows 
following the population growth of Melbourne necessitating the construction of an 
additional sewerage outfall to the east. 

 The consequence of this improvement in secure supplies of potable water and the 
associated development of the sewerage systems was a massive increase in water 
consumption. As the cities grew the sewage fl ows increased. The very success of the 
highly centralized engineering services to supply water and to manage the resulting 
waste fl ows seemed secure even as the engineering solutions created ever greater 
challenges to the environment (challenges also arose from the management of storm 
water runoff that, paradoxically, in most cities remained the responsibility of local 
government authorities). 

 Two features of this ‘perfect system’ in which agencies supplied potable water 
then provided waste management services drove demand for ‘urban water’. The fi rst 
was that all properties within a specifi ed distance of the water mains were required 
to pay for the service whether they were connected to it or not. Associated with this 
was the move by the water supply agencies in some states to secure their income 
base by having rainwater tanks declared illegal on health grounds - arguing that 
rainwater tanks collected detritus off the roofs of buildings that led to unhealthy 
level of lead in the water supplies (from the paint and lead fl ashing) and also con-
tained bird and rodent faeces that caused health problems. It was also argued that 
the design of the runoff systems did not prevent rodents and birds from drowning 
and decomposing in the tanks which also increased health risks. The consequence 
of these measures was that water consumption increased dramatically and the 
cisterns and rainwater tanks on which households had previously relied were often 
removed (increasing the storm water runoff from developed areas). The water 
supply agencies enjoyed high standing because they had been able to deliver the 
secure reliable supplies of water at a low cost and the urban populations experienced 
greatly improved health outcomes.  

4     Water Consumption: Domestic 

 The second feature that drove demand was that in response to the easy availability 
of water a new array of facilities and services blossomed. Flush toilets revolution-
ized the domestic management of human body wastes - we note that the Romans 
used continually running water in their toilet systems a little earlier. The develop-
ment of hoses in mid-nineteenth Century led to increased water use in gardens. 
Bathing became more easily available because new systems were developed to 
heat and deliver water to bathrooms, the easy availability of showers replaced 
bathing which had been a more arduous way of improving personal hygiene. 
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The development of clothes washers (and later, dishwashers) also increased the 
consumption of water. 

 The easy supply of water also meant households could plant and maintain, 
through the drier seasons, gardens for food production and pleasure. Pat Mullins 
( 1981a ,  b ) claimed that the separate house and garden was a signifi cant factor in the 
health and physical development of Australians who enjoyed a better diet than their 
forbears. Andrea Gaynor ( 2006 ) observed that home gardens (made possible by 
reliable supplies of water) were a signifi cant source of food for households. 

 Note 1 
 It should be noted that changes in the use of lead in ‘fl ashing’ or in paints 
ceased 50 years ago and lead piping in buildings ceased a century ago thus 
eliminating those sources of pollution. The elimination of lead additives in 
petrol also eliminated air borne lead as a health threat in rainwater tanks. New 
ways of connecting roof drainage to rainwater tanks make it virtually impos-
sible for rodents or birds to gain access to tanks so that source of risk has also 
been eliminated. The problem of faeces being washed into tanks from rainfall 
has been greatly reduced by the use of ‘fi rst fl ush’ bypass systems that ensure 
that the fi rst 10 min of rainfall ‘wash the roofs’ of detritus and is not captured 
for tank storage. All these innovations remove the ‘case’ for making rainwater 
tanks ‘illegal’. 

  In some towns and cities the supply was ‘generous enough’ to allow households 
to invest in swimming pools which also increased consumption. In the 1960s and 
1970s backyard pools proliferated and cheap above ground pools allowed battlers to 
ape the affl uent. 

 For a long period the engineering solution seemed to be without limit. Little 
attention was paid to the stresses experienced in the ecosystems from which the 
water was harvested or into which waste fl ows were discharged. As the limit of 
the capacity of near city ecosystems to provide secure supplies of potable water was 
being reached the engineering based water authorities sought new engineering 
solutions to meet the demand. The Earth Summit of 1992 – also known as the Rio 
Convention of 1992 – The United Nations Framework Convention on Climate 
Change (No 28, Treaty Series  1995 ), began the process of reconsideration of tradi-
tional engineering responses to demand for water, however, little regard was given 
to the larger environmental consequences that increased supplies of potable water 
sought from the ecosystems that were being exploited would bring. 

 Supplies were also sought from additional ecosystems - generally further 
afi eld – again with little regard for the stresses such an approach created. As these 
resources were being exploited the response of water agencies in the late twentieth 
–early twenty-fi rst Centuries was also to try to increase the effi ciency of appliances. 
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Low- fl ow shower heads and dual fl ush toilets were developed and households were 
encouraged to install them. Lower water consumption ‘front loading’ clothes 
washers were encouraged. Households were encouraged to develop more ‘water 
wise’ gardening practices to reduce consumption. All of these measures helped slow 
the rate of growth in demand without requiring any fundamental reconsideration of 
the demand for potable water. 

 Water agencies, following their ‘engineering traditions’, sought to increase supply 
by inventing new ways of increasing the delivery of potable water. The development 
of ‘new technology’ such as desalination plants to ‘manufacture’ potable water from 
sea water e.g. Plants in, Perth, Western Australia in 2006, Gold Coast, New South 
Wales in 2009, the Kurnell (Sydney) New South Wales in 2010, Wonthaggi 
(Melbourne) Victoria in 2012, Port Stanvac (Adelaide) in 2011. Reclaimed water 
obtained by treating and recycling sewage to produce potable water in Brisbane, 
Queensland and in Sydney, New South Wales were the avenues of choice often with 
little regard for larger environmental concerns and, more dangerously, with little 
exploration of the long term epidemiological challenges these new technologies 
posed. Little regard seems to have been held for the consequences of such ‘new’ 
supplies for the increasing complexity of the waste water fl ows that not only 
included the human wastes that carried the drugs people consumed and an increasing 
array of nanoparticles that are stable and not removed in normal sewage treatment 
plants but contained effl uent from increasingly complex industrial processes. In some 
areas (Western Australia and South Australia) water authorities, without the benefi t 
of long term epidemiological studies, have sought to inject simply treated waste 
water fl ows into ground water resources as part of a ‘managed aquifer recharge’ in 
the belief that this would provide a felicitous increase in potable water supplies 
because of the ‘natural’ processes that occurred in the aquifers in which the water 
was found would result in an increased supply of potable water. Limited research 
has been undertaken to explore the effi cacy of this approach nor was the precau-
tionary principle observed. 

 In none of the ‘new approaches’ were ethical considerations of effectively forcing 
people to drink ‘manufactured’ water taken into account. No one, least of all 
the water authorities, seemed to challenge, or at least question, the effi cacy of the 
engineering approach developed out of the nineteenth century response to the 
demand for water. Fewer paid attention to the consequences of the simple ‘collect, 
deliver, then discharge the consequential waste water fl ows to the environment’ or 
single pass through system that had been so dramatically effective in improving 
public health. 

 Throughout the period of this form of exploitation of potable water sources the 
greater level of concern seemed to be over narrow, even short term, ‘economic’ con-
siderations. Such considerations loomed larger as neoliberal preoccupations with a 
search to fi nd ways of reducing public sector funding and control of basic urban 
infrastructure grew in the last quarter of the twentieth century and early twenty-fi rst 
century accompanied by resurgence in some quarters of support for the corporatiza-
tion or privatization of such infrastructure. The resurgence was driven in part by 
governments that were unable to maintain the pace of infrastructure provision in line 
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with the rate of population growth and with increasing expectation on the part of the 
increasing populations that they wanted the services and were not prepared to wait 
for them until they could be ‘afforded’. The change in community expectations coin-
cided with a prevailing attitude in some state governments e.g. New South Wales in 
the late 1970s that the reserves that water service authorities had prudently accumu-
lated in the form of ‘sinking funds’ to replace ageing or obsolete infrastructure could 
be ‘raided’ to be used for general purposes. This had the effect of forcing states into 
the quasi-privatization of water services supply. The quasi-privatization also led to 
the departure from the traditional view that water services should be provided as a 
‘community’ service, albeit on the basis on which all costs were recovered, to one in 
which they were seen as an avenue for general revenue. The corporatization of water 
supplies followed in 1994 (Water Board (Corporatisation) Act  1994 ) and was a take-
over of investment in the water services of New South Wales enabling the state to 
charge water authorities for use of water extracted from the various ecosystems as 
environmental services and for the discharge of sewage (usually partly treated) to 
receiving water bodies (generally the near oceans in the case of the major cities).  

5     Water Consumption: Industrial 

 The development of engineering services and manufacturing establishment (including 
manufacture of food products) frequently required a reliable supply of water as an 
essential element of the processes employed (in the case of food products the water 
was required to be at potable quality standards). The apparently endless supplies of 
cheaply available potable water encouraged industry entrepreneurs to take water 
from the public systems. The development of the piped sewerage systems also 
meant that such establishments could conveniently discharge their wastes to the 
sewer. In many cases the requirement that discharges to the sewer had to be of 
acceptable standard to avoid compromising the sewerage treatment was observed in 
the breach. Discharges were made to local water courses with signifi cant deleterious 
effect on their ecosystems. Enforcement of the sewage quality standards reduced 
these effects and often led to increased effi ciencies in production processes but led 
to increased fl ows in the sewerage systems.  

6     Environmental Concerns 

 But there were two additional aspects that seemingly drew little attention but which 
raised serious ‘meta’ environmental issues. 

 The fi rst was that the sewage fl ows from modern societies was vastly more 
complex than that of the mid to late nineteenth century. In the last hundred years 
new industries have developed that have been able to enjoy the security of a supply 
of high quality water. They have been able conveniently to discharge vast volumes 
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of waste water fl ows into the urban sewerage systems and basically ‘forget’ about 
the problems of managing their waste fl ow. In some cases they have had to pay a 
higher price for the service but the stresses the fl ows cause to the environment by the 
increasing complexity of the sewage ‘mix’ have never been fully taken into account. 

 Additional complications arose from new drugs for the treatment of a variety of 
illnesses and for infection control. A range of endocrine altering drugs for medical 
and social reasons came into use as did an increasing array of nanoparticles, some of 
which occur naturally, in drugs, cosmetics, paints, food preparation and preservation 
and in water treatment to improve its quality. Many of the drugs and nanoparticles 
are chemically stable and end up in the sewer line and may only ineffi ciently be 
‘taken out’ during sewage treatment processes – even by the more sophisticated 
membrane technology processes. 

 One of the benefi ts of the use of nanoparticles is that they can be designed to 
deliver drugs to specifi c organs in the human body. The ‘downside’ of their use is 
that nanoparticles may have serious but uncharted impacts on the environments in 
which they are used and may have serious impacts on the health of those who are 
inadvertently ‘medicated’ by consuming water containing them (   there is a rich and 
growing research literature on nanoparticles in drinking water e.g.: Heidarpour 
et al. ( 2011    ), Kaegi ( 2009 ), Qu et al. ( 2013 ), Trouiller et al. ( 2009 )) that draws atten-
tion to the need for more research into the effi cacy of nanoparticles on human health 
as well as their effect on the environment. 

 The operation of many of the processes to ‘manufacture’ water including those 
relying on membrane technology themselves create serious challenges to the 
environment through their use of energy as well as the production of ‘by-wash’ 
fl ows that are toxic. In some cases the standards applied to the quality of the water 
‘product’ from the processes have been changed and the public assured that the 
water meets acceptable health standards. E.g. following the adoption of desalination 
as a method to boost drinking water supplies the level of boron permitted in potable 
water in Australia was increased in 2011 from the 1.0 mg of boron per litre estab-
lished under the European standard or 2.4 mg of boron per litre standard set by the 
World Health Organisation to 4.0 mg of boron per litre under Australian Drinking 
Water Guidelines (NHMRC, NRMMC   2011 ). Little additional Australian epide-
miological research seems to have been undertaken to warrant the reduction in stan-
dards leaving the initiative open to conjecture that the reduction in standard was set 
for the convenience of the desalination plant operators (Ockhams Razor  2012 ). 

 Major cities now ‘produce’ large volumes of sewage, mostly treated to rudimen-
tary standards, that is discharged to the oceans increasing local acidity that further 
reduces their capacity to take CO 2  out of the atmosphere as well as creating local 
environments that are inhospitable for marine life. The discharge from ‘inland’ 
towns of treated sewage to local riverine systems is not generally treated to high 
standards. In most cases the simple fi ltering processes do not remove the more com-
plex pollutants leaving them in the receiving water fl ows some of which may be 
drawn on further downstream for use in and around dwellings.  
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7     An Alternative Approach? 

 In exploring the nature of the demand for water services it is clear that there are 
alternative approaches to meeting the demand. But the prior question is: How can 
the demand for potable water be reduced while retaining the level of comfort and 
security modern communities have come to expect?  

8     Domestic Demand 

 The variation in urban domestic consumption between Australian States is high and 
raises questions about the way the estimates are made for each ‘use’. Nonetheless, 
it is clear that a small proportion of the potable water delivered to households for 
domestic consumption – namely that used for drinking, food preparation, cooking 
and cleaning of utensils and crockery must be of the highest quality. The water used 
in health facilities should also be of the highest quality. In total, approximately 10 % 
of the domestic consumption needs to be of the highest quality. 

 (In most cases the water used in health facilities carries waste streams indicating 
that it cannot easily be used for a ‘second’ purpose although modern technology 
might be able to use such fl ows effi ciently for purposes such as selected industrial 
processes, gardening and park irrigation). 

 Most of the water used domestically for bathing, showering, toilets and clothes 
washing can be of lower quality with little risk to health. Little of the water used in 
gardens needs to be of potable water standard and there is even greater certainty that 
the water used to fl ush toilets can be of less than potable quality. 

 The point has been reached in the major cities where all the readily available 
supplies of potable water have been exploited and governments have begun to 
‘reach out’ for supplies further afi eld. In so doing cities have sought to extract water 
previously used in agricultural production or to support eco-system services on the 
grounds that its use in them has a higher economic value. The proposals to divert 
waters from the regions in Victoria for consumption in Melbourne in the  Our Water 
Our Future  plan was one such exercise (Victoria. Department of Sustainability and 
Environment  2004 ) see also Grafton ( 2010 ). 

 Cities have also chosen to pursue production of ‘manufactured’ water by investing 
in desalination plants and processes to recover potable water from sewage fl ows. 
But the composition of the demand for domestic consumption suggests that one 
way of responding to the water ‘crisis’ is to re-examine the behavioral aspects of 
water consumption in and around people’s homes. 

 Conventional wisdom, and indeed much current water management policy, is 
founded on the notion that those who live in houses use more water than those 
who live in medium density housing (fl ats, apartments, etc.) or other higher density 
forms of accommodation. Much of the justifi cation supporting higher density housing 
policy is based on the notion that those who live in houses consume more water. 
Earlier research on domestic water consumption indicated that this might not be true 
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(Troy et al.  2005 ). A Canberra study based on a large sample of dwellings strongly 
suggests that, in that city, this might also not be true. The fact that there is no statisti-
cally signifi cant difference between the per capita water consumption of those who 
live in traditional houses compared with those living in higher density housing may 
be seen as counter-intuitive (Talent et al.  2013 ) but begins to delineate a possible 
strategy to reduce consumption. 

 It is unlikely that household members in differing forms of accommodation in 
the different Australian cities actually ingest less water although the crude estimate 
available from ABS ( 2004 ) fi gures (Table  13.1 ) indicate substantial differences 
between States. It is presumed that they use similar amounts for food preparation 
and cooking although those in higher density accommodation are more likely to ‘eat 
out’ so use less in the kitchen. Nonetheless, the volume of water ingested or used in 
food preparation and cleaning of equipment and utensils or used for ‘health’ services 
is estimated to be no more than, say 15 l per person per day or 6 kl per year. There 
may be some ways in which cooking and cleaning utensils could be carried out 
more effi ciently leading to reduction in consumption but the possibility of signifi -
cant reduction water consumption in this area of use of say 30 % is unlikely.

   An aspect of domestic consumption that relates to behaviour is the way modern 
plumbing affects consumption. The fi rst relates to use of hot water. Whether the hot 
water is delivered from a storage reservoir or from an ‘instant service’ there is 
usually wastage until the ‘dead’ line is fi lled with hot water. The wastage occurs 
each time the hot water supply is turned on and once it is turned off the water cools. 
Another version of this process occurs each time a ‘mixer’ tap is used when the 
‘default’ position of the tap is at the mid-point meaning that hot water is drawn into 
the line to be ‘mixed’ with the cold water supply even when the user only wants cold 
water. We have no estimate of the wastage from either of these practices other than 
to note that it is determined by the length of the ‘dead line’ and may be signifi cant 
if the supply of hot water is some distance from the point of use. 

 Individual members of households in different cities are also likely to use similar 
volumes of water for the disposal of human body wastes. So far it has been possible 
to gain some economies in sewerages services largely by reduction in the volume of 
water used to fl ush the toilet bowl. With current technology and prevailing aesthetic 
considerations the possibility of further signifi cant reductions in water consumption 
from this aspect of our behavior is limited, although encouraging households not to 
fl ush routinely for urine discharges is one possibility. Rough estimates are that using 
water to transport human body wastes results in consumption of about 60 l per person 
per day or 20 kl per year that could be reduced by 25 %. Adoption of modern 

   Table 13.1    Estimated average annual per-capita water consumption by location of use in 
2010–2011 (kl)   

 NSW  VIC  QLD  SA  WA  TAS  ACT  AUST 

 Total  72  55  68  70  132  135  69  75 

  ABS 4610.0 Water Account 2010–2011  
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composting toilets would offer greater opportunities for reduction in ‘black water’ 
fl ows. Adopting human body waste management systems that separated most of the 
urine from the fecal material would create opportunities to recover valuable elements 
of the urine fl ow and would eliminate most of the health and environmental risks 
arising from contemporary management of waste. It could also lead to composting 
of fecal material to produce a useful soil conditioner (Although it should be noted 
that there is and there is likely to be a continuing aversion to composting – an 
attitude that is likely to remain so long as some locations and activities may continue 
to ‘enjoy’ fl ush toilets). Another benefi t from developing a more environmentally 
sensitive approach to management of human body wastes is that it would lead to 
signifi cant reduction in waste fl ows into rivers, lakes and oceans that currently com-
promise the quality of such water bodies. 

 This leaves a signifi cant proportion of the domestic consumption of water being 
used in bathing, laundry and garden uses. Changes in the domestic capture and 
re- use of water used for these activities is probably the major source of reduction in 
consumption. 

 While low fl ow shower heads may reduce water consumption there is a view that 
savings from such equipment may be offset by an increased propensity to increase 
shower time. It is therefore unlikely that a major reduction in water consumption for 
bathing can be achieved given the, focus on personal hygiene and the undoubted 
pleasures of bathing and showering. Nonetheless, waste fl ows from bathing and 
showering are low in pollutants suggesting that they can be reduced suffi ciently to 
provide water of quality suitable for toilet fl ushing, laundry use and or garden 
watering. 

 We note, however, that the public education programs and water effi ciency pro-
grams such as the use of low fl ow shower heads, dual fl ush toilets appear to have led 
to continuing but relatively small levels of reduction in water use in Canberra (Talent 
et al.  2013 ). 

 Assuming that households use potable water supplies only for kitchen and 
bathroom usage the potable water consumption could be reduced by as much as two 
thirds with the ‘waste fl ows’ from kitchen and bathroom being treated on site to 
produce water for toilet fl ushing and laundry usage the ‘surplus’ water from such 
consumption would be available for garden usage. Maguire ( 2008 ) provides a 
simple model of how such a system could be developed. One benefi t of his proposal 
is that it could be retrofi tted relatively easily in existing suburban developments and 
even more easily in new traditional housing developments. If no such water was 
used in domestic garden maintenance it would be discharged to the sewerage 
system for treatment prior to discharge to the environment or available for local 
community open space/garden usage or appropriate industrial usage. There is a 
range of dry composting toilets that could be appropriately installed in traditional 
density neighbourhoods which would also lead to signifi cant reductions in domestic 
water consumption.  
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9     Reduction in Domestic Water Consumption 

 The traditional model of consumption recognized that detached dwellings had more 
garden space which, it was assumed, led to greater water consumption to maintain 
them. It was also based on the assumption that there were economies of scale in many 
household activities that led to lower water consumption in these dwelling types. 

 The crude average consumption of different dwelling types, to an uncritical eye, 
do suggest that fl ats use less water than houses. But once these averages are medi-
ated by the households that live in them and the comparative consumption is 
adjusted to take account of the size of households in the various dwelling types the 
differences largely disappear and even suggests that those in high density dwellings 
consume slightly more water per capita than those who live in medium and low 
density dwellings. The obvious point is that households in detached dwellings have, 
on average, 2.4 people per house compared with 1.5 for those who live in high 
density dwellings (Randolph and Troy ( 2008 ), Talent et al. ( 2013 )). 

 It would seem possible to reduce domestic water consumption by about two 
thirds if dwellings were required to have a simple way of capturing the relevant 
fl ows from baths, showers, laundries and hand basins and treating the stored sullied 
water to an appropriate standard to account for the differences in time of the demand 
for use in toilet fl ushing laundries and gardens.. A relatively small rainfall storage 
tank, plumbed into the dwelling, would give a high level of security over the supply 
of water for the different uses. It would have the incidental effect of reducing storm 
water runoff problems. 

 In most Australian cities the daily demand for water for domestic purposes is, 
in total, relatively constant while variable throughout the day across their area. 
Water supply services are, however, highly centralized. By developing on site 
processing and storage capacity for each area we could reduce the amount of 
water pumping, spread the demand across the day and across the city region, 
minimize storm-water runoff, produce locally treated water for local public parks 
and gardens and increase local resilience while reducing the stress on the eco-
systems from which water is extracted and on those into which waste water cur-
rently is discharged. 

 In an earlier study Randolph and Troy ( 2008 ) argued that ‘attitudinal’ causes of 
environmentally signifi cant behavior identifi ed by Stern ( 2000 ) ‘have the greatest 
predictive value for behaviours that are not constrained by context or personal capa-
bilities’. There is also some evidence that changing attitudes to environmental con-
cerns may result in reduced consumption. An extension of the study of water 
consumption of Canberra households indicated that social attitudes may have 
resulted in lower per capita consumption of water in households who highly valued 
environmental concerns. A similar saving in water consumption among households 
in conventional detached houses identifi ed as ‘Water Wise’ was noted in a Sydney 
survey (IPART  2011 ). Note that this small household survey did not include house-
holds in fl ats but assumed house dwellers used more water ‘but only because they 
use water  outdoors’ (IPART  2011 , p. 3). 
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 Detached dwellings are more likely to have gardens that consume high volumes 
of water, especially in summer. But many fl at dwellers maintain a variety of pot 
plants that have high levels of water consumption. Many high density dwellings also 
have garden beds or landscaped elements that require season watering. Moreover, 
over recent years the housing policy pursued by the planning agencies has led to a 
signifi cant reduction in the size of detached dwelling allotments which, paradoxically, 
has been accompanied by an increase in house size, thereby reducing signifi cantly 
the size of any garden. One of the consequences of the reduction in allotment size is 
that dwelling are less likely to be surrounded by trees and large shrubs that have a 
local climate moderating effect. The more recent subdivisions have had greatly 
reduced street widths, and thus reduced ‘nature strips’ This in turn means that there 
is less opportunity to grow street trees that help moderate the local climate thus 
leading to housing that is more dependent on ‘air conditioning’ that often increases 
water consumption. that the more recent subdivisions have had greatly reduced 
street widths, and reduced ‘nature strips’ thus leading to development of ‘heat 
islands’ within the city (Stone ( 2012 )) as a consequence increasing the propensity to 
use ‘air-conditioning’ including evaporative coolers which consume signifi cant 
volumes of water. 

 Households in high density dwellings are more likely to be renting their dwelling 
and are less likely to have their own water consumption directly metered, creating a 
‘tragedy of the commons’ environment. High density dwellings typically have only 
1 meter for the block, so water consumption is apportioned evenly across dwellings. 
Occupants thus have no pressure on them to be more careful in their use of water 
because they cannot reduce their water bill by moderating their consumption 
(Dwellings could be provided with separate meters but this would be expensive 
because of the increased plumbing.). 

 Moreover, rented accommodation is less likely to have modern water effi cient 
fi ttings and appliances or for them to be maintained as well as those in privately 
owned housing. Approximately two thirds of higher density dwellings are rented 
making this form of accommodation more likely to have higher consumption. 

 There is also evidence from other studies that those who live in high density 
dwellings (with fewer occupants per dwelling) tend not to wait until the clothes and 
dishwashers are full before using them. There is anecdotal evidence that those 
who live in high density dwellings are less likely to be required to moderate their 
behaviour because they are under less social pressure to ‘share’ than larger house-
holds in conventional houses and are likely to have longer showers which in turn 
tends to increase water consumption. This is more likely to be the case in new high 
density dwellings that have no storage heated hot water compared with detached 
dwellings, especially the older dwellings that have relatively small ‘off peak’ hot 
water storage, in which the household develops strategies for ‘sharing’ the hot water 
for showering (this is commonly referred as a problem families face in trying to get 
teenagers to ‘behave’ in a socially responsible way). 

 Low volumetric water prices offer little incentive to economise on consumption. 
The current imposition of high fi xed charges relative to the metered consumption 
charge also provides little opportunity for households in conventional housing to 
economise on their use of water (Grafton et al.  2011 ). Households in higher density 
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developments that usually have only 1 m per development have even less opportunity 
to reduce their water consumption charges. This leads to a ‘tragedy of the commons’ 
effect which may even increase the apparent consumption of households. The 
smaller size of households that live in fl ats also generally means there is less social 
pressure to ‘share’ hot water supplies (commonly provided in conventional houses 
by ‘off peak’ hot water tanks) that results in longer showers and therefore higher per 
capita consumption in shower consumption among fl at dwellers. Water authorities 
could, and possibly should, be forced to change their approach by reducing or 
eliminating most of the fi xed charges by including the ‘fi xed charges’ onto the price of 
a litre of water which would make the rewards of economizing clearer to consumers. 
At the moment ‘economisers’ subsidise the profl igate by paying more than their 
share of fi xed costs. Such a reform would encourage more households to capture 
more of the rain falling on their roofs for their own domestic use.  

10     Conclusion 

 The domestic consumption of water is undeniably infl uenced by the conditions 
under which people live. It is clear however that physical determinist assumptions 
related to city form are not confi rmed by evidence of their actual consumption. 
Social attitudes to the signifi cance of environmental concerns is refl ected in house-
hold consumption leading to approximately 10 % reduction in water use per capita 
but this only applies to a small proportion of the population. The ‘water cycle’ that 
followed from the breakthroughs in water consumption proposed by Chadwick 
( 1842 ) a century and a half ago was felicitous but now, given the increase in popula-
tion, the increase in per capita consumption and the consequential increasing stress 
on the environment a new paradigm is urgently needed in the management of urban 
water services. This implies that it is important to explore new ways of achieving 
the comforts offered by urban life and in the way wastes are managed while reduc-
ing the consumption of water and thus reducing the stresses on the ecosystems that 
sustain urban living.     
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    Chapter 14   
 Non-household Water Demand: The Industrial 
and Commercial Sectors 

             Steven     Renzetti    

1            Introduction 

 Major businesses are increasingly turning their attention to water. Some of these 
fi rms view water as a source of risk, while many others see it as a potential business 
opportunity (Carbon Disclosure Project  2011 ). In addition, many governments and 
municipal water supply agencies are turning their attention to non-residential water 
uses as potential sources of water conservation and savings (Vickers  2001 ). In 
Canada, for example, an increase of 1 % in the volume of water internally recircu-
lated by all manufacturing fi rms would release enough water to supply the inhabit-
ants and businesses of a city of 500,000 people (Statistics Canada  2008 ). These 
trends suggest it would be valuable to consider what is known regarding the eco-
nomics of non-residential water use. 

 Non-residential water use refers to water supplied to industrial and commercial 
fi rms and to institutions such as government offi ces, hospitals, and schools. The 
economic features of the water demands of these businesses and organizations have 
not received the same research attention as has residential water use. This is largely 
due to the challenges in acquiring industrial water use data and because there is a 
greater degree of diversity among commercial and industrial water users. For exam-
ple, this category includes the water used to make coffee in a lawyer’s offi ce as well 
as the water used to cool petroleum distillates in a petrochemical plant. This range 
in the technologies associated with these different water uses poses a challenge to 
modellers and analysts seeking to understand the water use of the sector. 

 The purpose of this chapter is to examine what is known regarding the economic 
features of water use by industrial and commercial fi rms and to consider how this 
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information can be used to promote effi cient and sustainable water use. The focus 
of the chapter is on water use by commercial and manufacturing fi rms, and we do 
not consider fi rms in primary industries such as mining and natural resource extrac-
tion and institutions such as government offi ces and schools. 1  The next section 
points out some of the more important characteristics of industrial and commercial 
water use. Of particular interest are the ways in which this sector’s water use differs 
from residential water use. Section  3  considers the results of the application of eco-
nomic modelling techniques to measuring industrial and commercial water use. 
Section  4  presents a number of case studies of efforts to promote water conservation 
in these sectors.  

2     Features of Industrial and Commercial Water Use 

 Firms use water as an input in their production processes. The uses to which water 
is put vary widely within the industrial and commercial sectors:

•    Cooling of intermediate outputs (e.g. petroleum distillates)  
•   Steam production  
•   Moving and cleaning raw materials (e.g. meat products)  
•   Producing electricity  
•   Inclusion in fi nal output (e.g. canned peaches)  
•   Sanitation  
•   Lawn watering.    

 It is surprisingly diffi cult to get accurate data on industrial and commercial water 
use. This is in part due to the fact that some of this water use is supplied by munici-
pal water systems and, thus, may be recorded as part of aggregate municipal water 
use. In the European Union, for example, non-residential and residential water use 
are aggregated into ‘urban’ water use (Lallana and Marcuello  2004 ). In the most 
recent report on water use from the United States, total estimated urban water use is 
divided into domestic and “All other uses and system losses” (Kenny et al.  2009 , 
p. 17). In Canada, a survey conducted of municipal water systems indicates that, in 
2006, the shares of municipally supplied water going to residential, commercial and 
institutional, and industrial were 57.0 %, 19.3 %, and 11.5 %, respectively (the 
remaining 12.8 % of output was considered as system losses) (Environment Canada 
 2010 ). Recent estimates from Australia indicate that 20–30 % or publicly supplied 
water goes to commercial and industrial customers (Water Services Association of 
Australia  2009 ). Similarly, Zhou and Tol ( 2005 ) estimate that industrial water use 
represents 22 % of overall water use in China. 

 A second complicating factor is that, for those industrial facilities which obtain 
their water directly from rivers, lakes, or aquifers, intake may be estimated rather 

1   Readers interested in the economic dimensions of water use in these industries should consult the 
National Roundtable on the Environment and the Economy ( 2011 ). 
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than directly measured. The United States Geological Survey derives its estimate of 
total self-supplied industrial water use by combining state-level estimates from 
licence data with estimated imputed water use fi gures (calculated by multiplying the 
number of employees by coeffi cients of estimated water use per employee). In fact, 
most national governments do not directly monitor and report water withdrawals by 
self-supplied industrial facilities. An exception is Canada where an Industrial Water 
Use Survey is carried out every 5 years in which manufacturing and mining facili-
ties are sampled in order to collect plant-level observations of water use and expen-
ditures (Statistics Canada  2008 ). 

 Despite these data challenges, there are a variety of observed features of com-
mercial and industrial water use which are noteworthy. These features may play a 
role in determining fi rms’ choices regarding water use and how fi rms respond to 
changes in prices and other relevant factors. A number of these features also dem-
onstrate the differences between non-residential and residential water use. 

 The fi rst feature concerns the sources for commercial and industrial water. Firms 
may obtain intake water from several potential sources. Most commercial water 
demand is supplied by municipal water systems (with the possible exception of 
purchases of bottled water in small quantities). Furthermore, most smaller industrial 
water users (e.g. small manufacturing plants) are also likely to be supplied by 
municipal water systems. Larger industrial facilities such as oil and gas refi neries, 
steel plants, and chemical producers may obtain their water through a combination 
of self-supplied water and water supplied by a municipal water system. In general, 
the larger the industrial facility, the larger its water demands and the greater is the 
likelihood that it is self-supplied. 

 The second feature relates to the potential for in-plant recirculation. In a number 
of industrial production processes, fi rms may choose to recapture water and reuse it. 
This may be done for a variety of reasons including the desire to capture and remove 
something valuable in the water (e.g. heat, chemicals, raw materials), the desire to 
avoid having to increase water intakes, or the desire to avoid water discharges 
(which may be subject to environmental and other regulations). The decision to 
recirculate water must be preceded by the fi rm investing in the capital, technologies, 
and worker training to make recirculation feasible. Once that is done, the fi rm may 
optimize over the volume of water to recirculate just as it optimizes over the amount 
of water to bring into the plant. This potential for water recirculation is quite impor-
tant for at least two reasons. First, it is one of the main ways in which industrial 
water use differs from most observed residential water use (although the possibility 
of households reusing ‘grey water’ is increasing). Second, it has the potential to 
reduce water intake to the extent that fi rms view recirculated water as a substitute 
for intake water. We will return to this point below. 

 The third feature concerns the relationship between fi rms’ choices regarding water 
use and how they regard the employment of other inputs. It has long been appreciated 
in applied economics studies of production technologies that a fi rm’s profi t-maximiz-
ing use of one input is likely to be closely tied to not only its own price but the prices 
of other inputs. In this way, a fi rm’s use of water may depend not only on its own 
price but the prices of capital, labour, materials, and other inputs. Furthermore, efforts 
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by a fi rm to conserve a particular input – for example, energy – may have implica-
tions for its water use. For example, in an effort to reduce its energy expenditure, a 
fi rm may switch from air cooling to water cooling of intermediate inputs. 

 The fourth feature relates to the diversity of water use within the commercial and 
industrial sector. As indicated above, water use in the sector varies from the small 
amounts of water used in offi ces to larger volumes used in restaurants and fi nally to 
the very large volumes used in industrial facilities such as chemical plants. This 
diversity stands in contrast to residential water use where, for the most part, house-
holds use water for largely the same purposes. This diversity has several implica-
tions. First, the relationship between water and other inputs will vary across fi rms. 
Second, the risks associated with water supply disruptions or variations in raw water 
quality will also vary signifi cantly across fi rms. It is important to note, however, that 
it is not just ‘heavy’ water users who are most vulnerable to water supply curtail-
ments. Commercial establishments cannot operate without adequate water for fi re 
protection and any commercial operation involving the handling and production of 
food-related products relies critically on water supplies. 

 The fi fth feature concerns the role of regulations governing non-residential water 
use. In some cases, industrial water users may have their water use decisions infl u-
enced through one of two types of government regulations. The fi rst concerns water 
intakes for self-supplied water users. In most jurisdictions, self-supplied water users 
must hold a government-issued licence that sets out the conditions of water use: loca-
tion, volume, timing, etc. These licences will also sometimes indicate how a user’s 
water allotment may be decreased in times of shortage. Common methods include 
using the seniority of the licence to determine the order in which users’ withdrawals 
are curtailed (typically the most senior licence-holder is the last to be rationed), and 
reducing all water licence-holders by equal proportions. A second type of regulation 
that may infl uence water use concerns the quality of discharge waters. Water quality 
regulations may constrain the fi rm’s decision-making by limiting the volume, mass, 
and/or concentration of contaminants contained in wastewater fl ows. 

 The fi nal feature concerns fi rms’ expenditures on water. In the cases where fi rms 
are supplied by municipal water systems, billing records can in principle provide 
analysts with the data needed to calculate expenditures. The heterogeneity of scale 
and water uses among non-residential customers, however, makes generalizations 
quite diffi cult. Another source of diffi culty is that large-scale self-supplied indus-
trial water users may face both external and internal costs associated with their 
water use. In some jurisdictions, self-supplied fi rms must pay administrative fees to 
government or obtain their water through market transactions. In addition to these 
external costs, self-supplied fi rms typically also experience internal costs associated 
with pumping, treatment (prior to and after use), and on-site storage. There is 
remarkably little known about these internal costs. In Canada, the Industrial Water 
Use Survey sheds some light on these internal costs and survey responses suggest 
that the cost share of water in the manufacturing sector rarely rises above 1 % 
(Dupont and Renzetti  2001 ). Reynaud ( 2003 ) found that the French manufacturing 
sector’s cost share associated with water varied from 1.2 % to 1.9 %, according to 
the subsector.  
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3      Economic Determinants of Commercial and Industrial 
Water Use 

 Firms combine and transform inputs such as labour, capital, energy, materials, and 
water into goods and services for sale. In doing so, economists assume fi rms’ deci-
sions related to the quantities and types of inputs and outputs are guided by their 
goals (typically to maximize profi ts or to minimize the cost of a given level of pro-
duction) and are constrained by external forces (market prices, consumer prefer-
ences, competitors’ actions, government regulations). One of the outcomes of these 
decisions is the fi rm’s demand for intake water – that is, the relationship between the 
fi rm’s desired level of water use and all of the other factors which infl uence that 
demand. Specifi cally, it can be shown (Renzetti  2002b ) that a fi rm’s representative 
cost-minimizing demand for intake water is a function of the following factors:

•    Price of water  
•   Prices of other inputs  
•   Level of output  
•   Production process  
•   Regulations (e.g. licences governing quantity of water that may be withdrawn or 

levels of contaminants in wastewater fl ows).    

 A change in any one of these factors is predicted to alter the desired level of 
water use. For example, one would expect that increases in the level of output and 
decreases in the price of intake water will both increase the demand for water. The 
effect of changes in other input prices on the demand for water will depend on 
whether those inputs are substitutes or complements to intake water in the fi rm’s 
production process. 

 In order to measure the strength and nature of these relationships, economists 
apply statistical techniques to input and output data in order to estimate the water 
use–demand relationship. From that estimated relationship, a commonly computed 
parameter is the demand elasticity. For example, the price elasticity of intake water 
demand is calculated as the predicted proportional change in the desired quantity of 
water intake in response to a small change in the price of intake water. Thus, a price 
elasticity of −0.5 indicates that a 10 % increase in the price of water is predicted to 
reduce water intake by 5 %. Similarly, the cross-price elasticity of intake water 
demand is the change in the desired quantity of water intake that occurs in response 
to a small change in the price of another input. If a cross-price elasticity is estimated 
to be positive, then the two inputs are deemed to be substitutes, since an increase in 
the price of one (e.g. energy) leads to a greater use of the other (e.g. water). 

 Economists have carried out only a limited number of empirical studies that 
apply statistical methods to estimate the commercial and industrial water demands 
and the relative importance of each of the factors identifi ed above. Surveys of this 
literature are available in Renzetti ( 2002a ,  b ), de Gispert ( 2004 ), and Worthington 
( 2010 ). As those surveys highlight, less attention has been paid to commercial and 
industrial water demands compared to residential and agricultural water demands. 
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This is probably due to the fact that these sectors do not usually constitute the domi-
nant share of water use, to challenges of obtaining data, and to the heterogeneity of 
uses for water observed in commercial and industrial processes. The features and 
major empirical fi ndings of this literature are summarized in Table  14.1 . Based on 
that summary, this section will point to several important fi ndings in the literature.

   The factor which has received the most attention as a potential determinant of 
water use in studies of commercial and industrial water demands is the price of 
water. In an early study, Babin et al. ( 1982 ) estimated water demands for US manu-
facturing industries. Price elasticities of water demand varied by manufacturing 
subsector from 0.00 to −0.81. In a series of studies on plant-level observations of 
Canadian manufacturing fi rms carried out by the author, estimated price elasticities 
water intake ranged widely: −0.1534 to −0.5885 (Renzetti  1992 ) and −0.8098 
(Dupont and Renzetti  2001 ). More recently, Zhou and Tol ( 2005 ) estimated a model 

   Table 14.1    Sample of commercial and industrial water demand studies   

 Author  Sector  Data  Method 
 Estimated 
elasticities 

 Babin et al. 
( 1982 ) 

 U.S. 
manufacturing 

 1973 cross section 
of 2-digit SIC level 
observations 

 Systems of 
equations 

 Intake: 0.54 to 
−0.66 

 Schneider and 
Whitlatch 
( 1991 ) 

 Commercial  Time series 
observations on
aggregate 
commercial 
customer class
water use from 
16 Ohio cities 

 OLS  Intake (short-run): 
−0.234 
 Intake (long run): 
−0.918 

 Renzetti ( 1992 )  Canadian 
manufacturing 

 1985 cross section 
of plant-level 
observations 

 Two-stage 
systems of 
equations 

 Intake: −0.153 to 
−0.588; 
Recirculation: 
−0.508 to −1.48 

 Lynn et al. 
( 1993 ) 

 Commercial  1985 cross section 
of fi rm-level 
observations 

 OLS  Intake: −0.24 
(motels) to −1.33 
(department stores) 

 Dupont and 
Renzetti ( 2001 ) 

 Canadian 
manufacturing 

 3-year panel of 
2-digit SIC level 
observations 

 Two-stage 
systems of 
equations 

 Intake: −0.79 to 
−0.81; 
Recirculation: −0.75 
to −0.82 

 Reynaud ( 2003 )  French 
manufacturing 

 Panel of plant-level 
observations 
1994–1996 

 Seemingly 
unrelated 
regressions and 
feasible GLS 

 Intake (public 
supply): −0.10 to 
−0.79; Intake 
(self-supply): −0.90 
to −2.21 

 Zhou and Tol 
( 2005 ) 

 Chinese 
manufacturing 

 Province-level 
panel data 
1997–2003 

 Feasible GLS  Intake: −0.22 to 
−0.35 

 Féres and 
Reynaud ( 2005 ) 

 Brazilian 
manufacturing 

 1999 cross section 
of plant-level 
observations 

 Seemingly 
unrelated 
regressions 

 Intake: −1.085 
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of industrial water demands using aggregate Chinese data and calculated an esti-
mated price elasticity of −0.35. Thus, most industrial water demand studies fi nd that 
water demands are inelastic, but elasticity values have tended to be higher than 
those found in residential water demand studies. 

 Given the relatively small number of studies and broad range of technologies and 
countries found in the literature, it is diffi cult to make generalizations regarding the 
factors infl uencing the estimated price elasticity of demand for intake water. Two 
studies (Renzetti  1993 ; Reynaud  2003 ) fi nd that fi rms have different price elastici-
ties for demand for publicly supplied networked versus self-supplied water. 
Furthermore, Féres and Reynaud ( 2005 ) suggest that recent industrial water demand 
studies from Brazil, China, and India all exhibit relatively high intake price elastici-
ties. This may be a feature of the relatively newer technologies embodied in indus-
trial water demands in developing economies or some other feature of the data (such 
as a preponderance of large fi rms in the samples). 

 It can be expected that commercial and industrial water use will be infl uenced by 
the level of a fi rm’s production. As Worthington ( 2010 ) points out, comparisons 
across studies are diffi cult because a number of measures of output (value added, 
number of employees, etc.) have been used in various studies. Nonetheless, the 
limited number of studies available suggests that non-residential water demands 
may be characterized by output elasticities that are relatively large. Dupont and 
Renzetti ( 2001 ) report an output elasticity for the Canadian manufacturing sector’s 
water demand as 0.7, while Reynaud ( 2003 ) reports values of 0.34 and 0.58 for 
French manufacturing’s demand for publicly supplied and self-supplied water, 
respectively. This stands in contrast to the common fi nding in studies of residential 
water demands of income elasticities being positive but quite small (Renzetti 
 2002a ). 

 Another potentially important factor in determining industrial and commercial 
water demands is the price of energy. In industrial applications, water is often used 
to either cool an intermediate input or heated to clean inputs or produce steam. In 
these applications, one could expect that water demands would be closely tied to 
energy prices. Unfortunately, relatively few studies of commercial and industrial 
water use have included energy prices as an explanatory variable in their models. In 
the recent cases where this has been done (Dupont and Renzetti  2001 ; Féres and 
Reynaud  2005 ), intake water and energy have been found to be substitutes. 

 A small number of research studies have considered commercial water use. The 
work done in this area suggests that this sector’s water use is somewhat sensitive to 
water prices and the fi rm’s level of output, although these factors may not play as 
important a role as found in residential and industrial water use. Schneider and 
Whitlatch ( 1991 ) estimate price and output elasticities for municipally supplied 
commercial water users and estimate the sector’s price elasticity of water demand to 
be −0.918. Lynn et al. ( 1993 ) studied commercial fi rms in Miami, Florida, and 
 estimated fi rms’ responses to price changes on water use. Estimated price elastici-
ties were the following: −1.33 (department stores), −0.76 (grocery stores), −0.12 to 
−0.24 (motels and hotels), and −0.174 (restaurants). While these estimates indicate 
that commercial fi rms will conserve on water use when confronted with price 
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increases, the diversity of water uses in the commercial sector and water’s typically 
small cost share make it diffi cult to give general conclusions regarding the nature of 
commercial fi rms’ water use. 

 An alternative to the econometric approach to studying water use by commercial 
fi rms is to conduct detailed studies of the ‘end uses’ of water in different types of 
establishments (restaurants, hotels, offi ces, etc.) and then develop Best Management 
Practices that establish benchmark levels of water use for the different types of 
water use (kitchens, laundry, bathrooms, outdoor uses, etc.). This approach has 
proven popular with water supply agencies and governments who are interested in 
promoting water conservation in these sectors (Dziegielewski  2000 ). It also facili-
tates planning for future economic development and implied growth in water 
demand since the bases for forecasts (number of sinks per restaurant, number of 
bathrooms in a hotel) are usually known and, as a result, can form the basis for water 
demand forecasts. 

 While it is fairly clear that the available econometric studies of commercial and 
industrial water demands demonstrate that economic factors (such as the price of 
water and the level of output) play a role in determining water use rates, conclusions 
from this small set of studies should be drawn with caution. Many of the studies of 
manufacturing water use are based on samples in which large-scale, self-supplied 
industrial facilities predominate. In addition, the limited number of recent studies 
and the heterogeneity of water use among commercial establishments mean that 
further analysis is required. 

 Studies cited thus far have focused primarily on investigating fi rms’ responsive-
ness to the price of water and the level of output, all within the context of a neo- 
classical model of production technologies. To a lesser degree, past research has 
also investigated the role played by the prices of other inputs. These empirical mod-
els are valuable in assisting analysts seeking, for example, to anticipate fi rms’ 
responses to changes in input prices. The models, however, have largely neglected 
some features of industrial and commercial water use which are relevant to efforts 
to predict reactions to changes in a fi rm’s operating environment, changes which 
relate to the factors identifi ed above that differentiate fi rms’ water demands from 
residential water demands. Four specifi c examples of these neglected features are 
the following: in-plant water recirculation, the potential for switching water sources, 
the role played by technological change, and the role played by water quality 
regulations. 

 The ability to recirculate water within a production process is an important char-
acteristic of many manufacturing processes and it is a feature that distinguishes 
industrial water use from most other instances of water use. Furthermore, changes 
in recirculation practices by industrial water users can potentially have signifi cant 
impacts on water availability for ecological and human needs. Despite this, there 
has been limited analysis of the factors infl uencing recirculation decisions – largely 
because of the diffi culty of obtaining observations of the volumes of water recircu-
lated and other relevant variables. A recent paper (Bruneau et al.  2010 ) describes an 
econometric model that considers two facets of fi rms’ recirculation behaviour: fi rst, 
the discrete decision of whether to recirculate, and second the decision of how much 
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to recirculate. The model applies a two-stage estimation procedure to cross- sectional 
data from Environment Canada’s 1996 Industrial Water Use Survey. Estimation 
results indicate that, in the fi rst stage, relative water scarcity and production tech-
nologies infl uence the decision of whether to recirculate water. In the second stage, 
the prices of intake water and water recirculation, as well as the scale of operations, 
are found to infl uence the choice of the optimal quantity of water to recirculate. 

 Large industrial water users may also have more than one source of water supply 
and, as a result, may possess the capacity to choose how much water to draw from 
each source. For example, in response to a signifi cant increase in the price of water, 
an industrial facility might switch from relying on publicly supplied water to being 
self-supplied, or switch between one public supply network and another. There is 
limited evidence for fi rms having this capacity (Renzetti  1993 ), but the potential for 
it to happen is important because a large industrial user leaving a water supply net-
work could have signifi cant implications for a water agency’s revenues. In addition, 
fi rms with the capacity to switch water sources may be able to negotiate exemptions 
from rate increases. Indeed, recent work by the water industry regulator in England 
and Wales suggests that this possibility – of large industrial water users switching 
suppliers – is one of the factors to be exploited in efforts to promote increased inno-
vation and competition among water suppliers (United Kingdom Offi ce of Water 
 2012 ). 

 The applied economics literature has a long history of concern about the impact 
of technological innovation and input use. This line of research has, for example, 
documented the role played by technological change in reducing the manufacturing 
sector’s use of energy relative to the value of output (Fatih and Yeddir-Tamsamani 
 2010 ). Unfortunately, while there is some anecdotal evidence of the impact of inno-
vation on non-residential water demands (Vickers  2001 ; National Roundtable on 
the Environment and the Economy  2011 ), this issue has not yet been carefully stud-
ied. Solley et al. ( 1999 , p. 64) contend that “the decrease [in water use] from 1980 
to 1995 can be attributed, in part, to the following major factors… New technolo-
gies in the industrial sector that require less water, improved plant effi ciencies, 
increased water recycling, higher energy prices, and changes in laws and regula-
tions to reduce the discharge of pollutants resulted in decreased water use and less 
water being returned to the natural system after use.” Unfortunately, the authors did 
not measure the relative importance of each of these factors on industrial water 
demands. As a result of this lack of empirical analysis, the role of technological 
change in industrial water use is a particularly important gap in the literature. 

 The fi nal feature concerns non-residential facilities’ water discharges. The 
amount of water leaving an industrial facility must equal the amount entering the 
facility minus the amount lost or consumed during production. This equality, how-
ever, neglects the possibility that the quality of water may be changed as a result of 
its use. Discharges from manufacturing and other industrial processes contain a 
wide variety of contaminants including organic materials, metals, and ammonia. All 
of these pose signifi cant potential threats to human and ecosystem health (Culp 
et al.  2001 ). Recognizing these dangers, most jurisdictions have enacted regulations 
that limit the quantities and/or concentrations of contaminants in discharge waters. 
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There is some evidence that water quality regulations may have been an infl uential 
factor behind observed reductions in industrial water intake in the U.S. and Europe 
(Solley et al.  1999  ). Market conditions, such as rising sewage treatment costs, may 
have reinforced these effects. For example, Renzetti ( 1992 ) fi nds that, for the 
Canadian manufacturing sector as a whole, the own price elasticity of water dis-
charge is −0.97. Thus, Canadian evidence suggests increasing the cost of discharges 
through regulations or fees may reduce both intake and discharges. Murty ( 2002 ) 
investigated the impacts of water pollution regulations on a sample of Indian manu-
facturing fi rms. The author found that regulations imposed costs upon the fi rms and 
that these costs varied signifi cantly across fi rms and industrial sectors. Féres and 
Reynaud ( 2005 ), however, found that more stringent regulations regarding the qual-
ity of industrial discharge waters may increase water intake for Brazilian manufac-
turing fi rms. The authors suggest that a combination of increased intake prices and 
more stringent discharge requirements would induce fi rms to reduce both intakes 
and discharges.  

4      Promoting Conservation 

 There is a growing interest on the part of governments and municipal water suppli-
ers in promoting conservation among water users. Much of the attention has focused 
on residential water use and has resulted in some agencies adopting conservation- 
oriented pricing, which provides subsidies for the installation of water-conserving 
appliances and the adoption of water-saving practices. The city of Guelph, for 
example, is one of Canada’s fastest growing cities and depends almost entirely on 
groundwater for its water supply. The city has set a goal of reducing overall water 
use by 20 % by 2025 and has established a consumption target of using less residen-
tial water per capita than all other comparable Canadian cities. In order to achieve 
these goals, Guelph has adopted a comprehensive water conservation plan which 
includes a 20 % increase in water and wastewater user rates, subsidies for residen-
tial water retrofi ts, and an education and awareness program (Brandes et al.  2010 ). 

 While perhaps not as widespread as the interest in promoting residential water 
conservation, there are also programs which seek to encourage greater effi ciencies 
in commercial and industrial water use (Vickers  2001 ). In some cases, conservation 
programs are organized by municipal water suppliers. The water utilities in Seattle 
and neighbouring cities combined to promote water conservation among all cus-
tomer classes (  www.savingwater.org    ). The consortium employed a number of poli-
cies to encourage water use among commercial and industrial customers, including 
the following:

•    Subsidies for retrofi ts of ineffi cient water-using appliances and equipment  
•   Assistance with water use audits  
•   Publication of Best Management Practice guidelines and case studies which set 

benchmarks for common water uses.    
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 In Australia, many municipal water suppliers have introduced a range of pro-
grams and policies to promote commercial and industrial water conservation. In a 
review of those efforts (Water Services Association of Australia  2009 ), the national 
association of municipal water suppliers identifi ed key features necessary for 
success:

•    Leadership: managers and staff within a fi rm or institution require positive sig-
nals from senior management that water conservation initiatives will be 
supported  

•   Measurement: while most commercial and industrial water users are metered, it 
may be necessary to introduce submeters throughout a facility in order to obtain 
a more accurate measure of water use in specifi c functions and processes  

•   Staff involvement: all members of an institution or fi rm must be part of water 
conservation efforts, especially given the amount of technical knowledge held by 
operational staff  

•   Target setting: setting specifi c targets has been found to be more persuasive than 
adopting poorly defi ned and open-ended conservation or improved effi ciency 
goals.  

•   Benchmarking: the identifi cation of water use reductions that are achievable in 
comparable settings provides a strong motivating force to encourage innovation 
among staff and managers.  

•   Funding: small and medium-sized fi rms operating in competitive environments 
may have diffi culty investing in water conserving processes and technologies. 
The experience from Australia indicates that uptake by these fi rms can be accel-
erated through relatively small cost-sharing subsidies.    

 In other cases, state and national governments have developed water conserva-
tion plans and manuals for fi rms seeking to reduce their water use. The United 
Kingdom’s Environment Agency has developed a six-step template for fi rms to fol-
low when developing their own water management plan (United Kingdom 
Environment Agency  2006 ). The main elements of that template are the following:

•    Obtain management and staff support  
•   Establish water and sewage expenditures for the organisation  
•   Identify and measure water use  
•   Reassess water use to identify potential savings  
•   Evaluate potential water effi ciency measures (e.g. in terms of payback period) 

and develop a plan to implement chosen measures  
•   Implement the plan, monitor results, and report.    

 California’s Urban Water Conservation Council provides commercial, institu-
tional, and industrial water users with detailed information on potential water 
 savings arising from adoption of Best Management Practices in their sectors; it also 
supplies manuals that allow calculation of the costs and benefi ts of installing water- 
conserving capital and adopting water-saving processes (California Urban Water 
Conservation Council  2002 ). Furthermore, jurisdictions that have traditionally been 
viewed as water-abundant are encouraging commercial and industrial fi rms to 
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explore water conservation. The State of North Carolina recently released a manual 
providing both general and sector-specifi c guidelines for fi rms to design and imple-
ment a water-effi ciency program (North Carolina Department of Environment and 
Natural Resources  2009 ). 

 These programs attest to the widespread and growing interest in promoting water 
conservation in the commercial and industrial sectors. A signifi cant challenge arises 
when attempting to assess these programs as their impacts are rarely carefully docu-
mented. Thus, while there is a growing body of literature that measures the impacts 
of water conservation programs on residential water demands (Millock and Nauges 
 2010 ), there is little comparable research for commercial and industrial water users. 
Nonetheless, in a comprehensive analysis of the potential for water conservation in 
California, Gleick et al. ( 2003 , p. 10) conclude with respect to commercial and 
industrial water use that “Overall, we estimate that the range of potential savings is 
between 710,000 AF/year [acre-feet/year] and 1.3 MAF/year over current use. Our 
best estimate of practical savings in the CII sector is about 975,000 AF, or 39 % of 
total current annual water use.”  

5     Conclusions 

 In many jurisdictions, water use by industrial plants, retail businesses, hotels, and 
other fi rms constitutes an important share in the total demands placed on municipal 
water supply and wastewater treatment infrastructures. However, there has been a 
limited amount of analysis of the role water plays in industrial and commercial 
processes. The available evidence suggests that most facets of industrial and com-
mercial water use are responsive to economic forces such as input prices and the 
level of output. Unfortunately, the degree to which the various facets of industrial 
and commercial water use are sensitive to, for example, price changes, has not been 
as well established as in the cases of other sectors’ water use. Furthermore, the roles 
of factors such as the price of energy are not fully understood. In addition, the time 
series data sets needed to assess the important issue of technological change and its 
impacts of water demands have not been assembled. Given the history of real energy 
price increases over the last several decades and the attendant efforts to develop 
energy-conserving technologies, it would be particularly interesting to determine 
the implications of these efforts for water demands.     

      References 

     Babin, F., Willis, C., & Allen, P. (1982). Estimation of substitution possibilities between water and 
other production inputs.  American Journal of Agricultural Economics, 64 (1), 148–151.  

       Brandes, O., Renzetti, S., & Stinchcombe, K. (2010).  Worth the charge: A primer on conservation- 
oriented water pricing. POLIS project on ecological governance . Victoria: University of 
Victoria.  

S. Renzetti



309

    Bruneau, J., Renzetti, S., & Villeneuve, M. (2010). Analysis of the factors infl uencing water recir-
culation decisions by Canadian manufacturing fi rms.  Canadian Journal of Agricultural 
Economics, 58 (4), 515–530.  

   California Urban Water Conservation Council. (2002).  Implementation of best management prac-
tices .   http://www.cuwcc.org/home.html    . Accessed 18 May 2011.  

   Carbon Disclosure Project. (2011).  CDP water disclosure global report 2011 .   https://www.cdpro-
ject.net/water    . Accessed 8 Feb 2012.  

       Culp, J., Ciborowski, J., Dubé, M., Liber, K., Munnkittrick, K., & Parker, W. (2001). Industrial 
point source discharges. In Environment Canada (Ed.),  Threats to drinking water and aquatic 
ecosystem health in Canada  (National Water Research Institute scientifi c assessment report no. 
1, pp. 41–51). Burlington: National Water Research Institute.  

    De Gispert, C. (2004). The economic analysis of industrial water demand: A review.  Environment 
and Planning C, 22 , 15–30.  

        Dupont, D., & Renzetti, S. (2001). Water’s role in manufacturing.  Environmental and Resource 
Economics, 18 (4), 411–432.  

    Dziegielewski, B. (2000).  Commercial and institutional end uses of water . Denver: AWWA 
Research Foundation.  

   Environment Canada. (2010).  2010 Municipal water use report .   http://www.ec.gc.ca/Publications    . 
Accessed 24 Aug 2011.  

    Fatih, K., & Yeddir-Tamsamani, Y. (2010). Is technological change biased toward energy? A multi-
sectoral analysis for the French economy.  Energy Policy, 38 (4), 1842–1850.  

       Féres, J., & Reynaud, A. (2005). Assessing the impact of environmental regulation on industrial 
water use: Evidence from Brazil.  Land Economics, 81 (3), 396–411.  

   Gleick, P., Haasz, D., Henges-Jeck, C., Srinivasan, V., Wolff, G., Cushing, K., & Mann, A. (2003). 
 Waste not, want not: The potential for urban water conservation in California . The Pacifi c 
Institute, Seattle.   http://www.pacinst.org/reports/urban_usage/waste_not_want_not_full_
report.pdf    . Accessed 16 Feb 2012.  

   Kenny, J., Barber, N., Hutson, S., Linsey, K., Lovelace, J., & Maupin, M. (2009).  Estimated use of 
water in the United States in 2005 . United States Geological Service Circular 1344.   http://
water.usgs.gov/watuse/    . Accessed 24 Jan 2012.  

   Lallana, C., & Marcuello, C. (2004). Indicator fact sheet (WQ2): Water use by sectors. European 
Environment Agency, Copenhagen.   http://www.eea.europa.eu/themes/water    . Accessed 4 Jan 
2012.  

     Lynn, G. D., Luppold, W. G., & Kiker, C. (1993). Water price responsiveness of commercial estab-
lishments.  Journal of the American Water Resources Association, 14 , 719–729.  

    Millock, K., & Nauges, C. (2010). Household adoption of water-effi cient equipment: The role of 
socio-economic factors, environmental attitudes and policy.  Environmental and Resource 
Economics, 46 (2), 539–565.  

    Murty, M. N. (2002). Measuring the cost of environmentally sustainable industrial development in 
India: A distance function approach.  Environment and Development Economics, 7 , 467–486.  

    National Roundtable on the Environment and the Economy. (2011). Charting a course: Sustainable 
water use by Canada’s natural resource sectors, Ottawa.    http://nrtee-trnee.ca/charting-a-course- 
sustainable-water    . Use-by-canadas-natural-resource-sectors. Accessed 12 Dec 2011.  

   North Carolina Department of Environment and Natural Resources. (2009). Water effi ciency man-
ual for commercial, industrial and institutional facilities, Raleigh.   http://savewaternc.org/
Documents/water-effi ciency-business.pdf    . Accessed 16 Jan 2012.  

      Renzetti, S. (1992). Estimating the structure of industrial water demands: The case of Canadian 
manufacturing.  Land Economics, 68 (4), 396–404.  

     Renzetti, S. (1993). Examining the differences between self and publicly supplied fi rms’ water 
demands.  Land Economics, 69 (2), 181–188.  

     Renzetti, S. (2002a).  The economics of water demands . Norwell: Kluwer Academic Press.  
     Renzetti, S. (2002b). Introduction. In S. Renzetti (Ed.),  The economics of industrial water use . 

Cheltenham: Edward Elgar.  

14 Non-household Water Demand: The Industrial and Commercial Sectors

http://www.cuwcc.org/home.html
https://www.cdproject.net/water
https://www.cdproject.net/water
http://www.ec.gc.ca/Publications
http://www.pacinst.org/reports/urban_usage/waste_not_want_not_full_report.pdf
http://www.pacinst.org/reports/urban_usage/waste_not_want_not_full_report.pdf
http://water.usgs.gov/watuse/
http://water.usgs.gov/watuse/
http://www.eea.europa.eu/themes/water
http://nrtee-trnee.ca/charting-a-course-sustainable-water
http://nrtee-trnee.ca/charting-a-course-sustainable-water
http://savewaternc.org/Documents/water-efficiency-business.pdf
http://savewaternc.org/Documents/water-efficiency-business.pdf


310

       Reynaud, A. (2003). An econometric estimation of industrial water demand in France. 
 Environmental and Resource Economics, 25 , 213–232.  

     Schneider, M., & Whitlatch, E. (1991). User-specifi c water demand elasticities.  Journal of Water 
Resources Planning and Management-ASCE, 117 (1), 52–73.  

    Solley, W., Pierce, R., & Perlman, H. (1999). Estimated use of water in the United States in 1995. 
United States Geological Survey Circular 1200.   http://water.usgs.gov/watuse/pdf1995/html/    . 
Accessed 16 July 2011.  

    Statistics Canada. (2008). Industrial water use 2005. Catalogue no. 16-401-X, Ottawa.  
   United Kingdom Environment Agency. (2006). Waterwise: Good for business and good for the 

environment. London: The National Water Demand Management Centre.   http://www.
environment- agency.gov.uk/research/library/publications/33993.aspx    . Accessed 9 Jan 2012.  

   United Kingdom Offi ce of Water. (2012). Water today, water tomorrow: Future price limits – a 
consultation on the framework, London.   http://www.ofwat.gov.uk/consultations/pap_con-
201111fpl_app11.pdf    . Accessed 4 Jan 2012.  

      Vickers, A. (2001).  Handbook of water use and conservation . Los Angeles: Californian Urban 
Water Conservation Council.  

    Water Services Association of Australia. (2009). Meeting Australia’s water challenges: Case stud-
ies in commercial and industrial water savings. WSSA Occasional Paper #23.   http://www.
waterforlife.nsw.gov.au    . Accessed 22 Jan 2012.  

     Worthington, A. C. (2010). Commercial and industrial water demand estimation: Theoretical and 
methodological guidelines for applied economics research.  Estudios de Economica Aplicada, 
28 (2), 237–258.  

      Zhou, Y., & Tol, R. (2005). Water use in China’s domestic, industrial and agricultural sectors: An 
empirical analysis.  Water Science and Technology, 5 (6), 85–93.    

S. Renzetti

http://water.usgs.gov/watuse/pdf1995/html/
http://www.environment-agency.gov.uk/research/library/publications/33993.aspx
http://www.environment-agency.gov.uk/research/library/publications/33993.aspx
http://www.ofwat.gov.uk/consultations/pap_con201111fpl_app11.pdf
http://www.ofwat.gov.uk/consultations/pap_con201111fpl_app11.pdf
http://www.waterforlife.nsw.gov.au/
http://www.waterforlife.nsw.gov.au/


311© Springer Science+Business Media Dordrecht 2015 
Q. Grafton et al. (eds.), Understanding and Managing Urban 
Water in Transition, Global Issues in Water Policy 15, 
DOI 10.1007/978-94-017-9801-3_15

    Chapter 15   
 Integrating Social Aspects into Urban Water 
Pricing: Australian and International 
Perspectives 

             Noel     Wai     Wah     Chan    

1            Introduction 

    The notion of water as an ‘economic good’ has been widely accepted among water 
resource managers (Savenije and van der Zaag  2002 ). Like other commodities, 
water can be scarce, competed for, placed on or excluded from a market, and its 
ownership transferred. It is an important input for agricultural and industrial 
 production as well as for human consumption. With the increasing incidence of 
water scarcity and to fulfi l competing demands, the price of water is becoming an 
important demand management tool (Griffi n  2006 ). 

 Water is also an essential good for drinking, food preparation, hygiene, and 
 sanitation. Cost–benefi t studies also demonstrate that signifi cant economic and 
social benefi ts fl ow from providing quality water and sanitation services (Hutton 
et al.  2007 ; Haller et al.  2007 ). However, the 2008 Global Water Tariff Survey dem-
onstrated that global water prices increased by about 7 % in 2009 (OECD  2010 , 
pp. 33–62) and the trend is likely to have continued. Taking a global perspective, the 
Organization for Economic Cooperation and Development (OECD) has suggested 
that higher water prices are necessary in order to increase awareness of water scar-
city, to  conserve precious water resources, to reduce pollution, and to provide fi nan-
cial stability for the water sector (OECD  2010 ). 

 Over recent years, urban water reform has tended to place increasing emphasis 
on economic effi ciency, environmental conservation, and fi nancial sustainability. 
The challenge then is to achieve economic objectives while keeping the cost of 
water equitable and affordable. Instead of relegating social concerns to secondary 
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consideration, this paper argues that it is possible to integrate social dimensions into 
urban water pricing policy. We use examples from various countries to show how 
social aspirations can be integrated into urban water pricing. It is argued that the 
social aspect of water pricing policy has four major considerations: principles, 
 processes, outcomes, and existing social policies for the disadvantaged. It then 
 provides a comparative analysis of water affordability for urban water and sewerage 
services across major Australian cities. Finally it followed with comparing the 
 benefi ts and pricing discounts of government-offered water concessions in different 
jurisdictions.  

2     Overview of Social Equity Aspects in Urban Water Policy 

 The right to water has been explicitly recognised in several human rights conven-
tions (COHRE  2007 ) and is also implicitly recognised in the International Covenant 
on Economic, Social and Cultural Rights (ICESCR, General Comment 15). It is 
absolutely essential that individuals have access to a certain minimum of safe 
 drinking water. Estimates of the minimum have been given as 20 litres per person 
per day (L/p/day) (Chenoweth  2008 ), 50 L/p/day (Gleick  1996 ), or 100 L/p/day 
(Howard and Batram  2003 ), depending on geographical location, abundance of 
water, gender, economic activity, and cultural setting. When urban water prices are 
set, the expectation is that individuals and households in the society can afford the 
minimum amount of safe drinking water for drinking, food preparation, and hygiene 
needs, regardless of their social status, income, or ability to pay. Smets ( 2000    ) 
 suggests that the right to affordable water should be incorporated in all urban water 
pricing principles and objectives. 

 Setting a water price typically involves multiple objectives, including revenue 
suffi ciency and stability, economic effi ciency, resource conservation, administrative 
simplicity, and legality, as well as equity and fairness (Griffi n  2006 , p. 251;    Boland 
 1993 ; Whittington  2003 ). These factors can be distilled down to four sustainability 
dimensions: fi nancial, economic, environmental, and social sustainability (OECD 
 2010 , p. 24; Martins et al.  2010 ), the last being crucial to the discussion here. If the 
social dimension of water pricing is not given due weight, water reforms are likely 
to lead to ‘price shock’, a label which encapsulates the twin issues of affordability 
and public acceptability. Figure  15.1  depicts a suggested framework by which social 
principles can be incorporated into urban water pricing. Social concerns enter 
through four separate layers: principles and objectives, processes, outcomes, and 
relevant social policies. If principles of social justice and equity can be successfully 
integrated into urban water pricing, it will make the public more accepting of pro-
posed water pricing reforms.   

N.W.W. Chan



313

3     Water Pricing Principles and Objectives 

 Social concerns and other sustainability objectives can sometimes contradict each 
other, although sometimes they can be complementary. For instance, it is sometimes 
argued that for equity reasons water should be provided free or at a very low price. 
However, the OECD ( 2001 ) suggests that low-cost water not only fails to achieve 
full cost recovery and meet conservation objectives, it also causes social inequal-
ity – because it provides insuffi cient capital for maintaining or expanding water 
infrastructure to remote communities. Today, free domestic water is only available 
in a few cities – such as Ashgabat (Turkmenistan), Dublin (Ireland), Cork (Ireland), 
Belfast (UK), and Tripoli (Libya) (GWI  2010 ). Bithas ( 2008 ) proposes that, in the 
long run, water should be priced at full cost so as to achieve the four dimensions of 
sustainability. 

 Nevertheless, social equity remains important and one way to give more weight 
to it is via the top level of Fig.  15.1 . For example, social objectives can be built into 
a water company’s vision through developing a corporate social responsibility 
(CSR) strategy. CSR involves four main strands: fi nancial, economic, environmen-
tal, and social responsibility. It promotes stakeholder engagement, meaning that 
investors, board of directors, and employees at one end become engaged with 
 customers or communities at the receiving end of the services. For instance, Manila 
Water have devised a CSR vision in which they commit to the idea of empowering 
people, building community capacity, and providing water and sewage service at an 
affordable rate (Manila Water  2012 ). In Cambridge, U.K., “protecting vulnerable 
customers” is one of Cambridge Water’s commitments (Cambridge Water  2012 ). 
Water businesses can also develop a ‘residential customer charter’, such as in the 
case of Yarra Valley Water (Melbourne, Australia), in which their customer service 
commitments and the rights and obligations of their customers are clearly stated 
(YVW  2012 ). To refl ect their CSR commitments, companies usually provide 

  Fig. 15.1    Four levels by which social concerns can be integrated into urban water pricing.       
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 sustainability or triple bottom line (TBL) reports annually. Much research has 
 discussed the concept and practice of CSR in the business sector (e.g., Wood  2010 ; 
Carroll and Shabana  2010 ); however, there is only limited research on what is an 
essential utility, the urban water provider. 

3.1     Processes: Water Tariff Structure and Design 

 Among all strategies, a low water tariff is the most popular tool to address water 
affordability among the poor. The form of water tariff usually depends on the preva-
lence of metering infrastructure. For non-metered environments, a fl at rate is the 
standard, although differential rates can be applied according to customer type, 
dwelling type, location, and property size. Even in developed countries, not all 
households have water meters installed, especially in areas with relatively abundant 
water resources. For example, the proportion of metered customers in England and 
Wales was just over 30 % in 2008 (Godley et al.  2008 , p. iv). In Iceland, Ireland, 
Norway, and Scotland, meter penetration is very low (ABS Energy Research  2006 ). 
In Canada and New Zealand, only 55 % and 25 %, respectively, of single dwellings 
have meters installed. Although a fi xed charge provides stable and predictable 
 revenue for the water utility, the drawback is that customers have no incentive to 
conserve water or be aware of their water consumption behaviour. 

 Some countries have 95–100 % meter penetration, such as Japan, Korea, Hong 
Kong, Greece, Latvia, Estonia, Spain, and Turkey (ABS Energy Research  2006 ). In 
Australia, Austria, France, Finland, Germany, and the United States, almost all sin-
gle dwellings have meters installed (although not individual apartments). When a 
metering system is in place, a two-part tariff is usually applied. It includes a fi xed 
supply charge and a volumetric usage charge. The fi xed supply charge provides 
revenue stability and allows sunk costs to be recovered. In addition, customers are 
also charged according to the amount of water consumed. The International 
Benchmarking Network for Water and Sanitation Utilities (IBNET) has provided a 
performance and tariff database which contains information from 2,000 utilities 
from 85 countries (IBNET  2012 ). Below we will discuss some of the popular tariff 
structures, keeping in mind that some of them provide better social equity than 
others. 

3.1.1     Decreasing Block Tariff (DBT) 

 Typically, water and sanitation services involve a signifi cant sunk investment. 
Because of economies of scale, we expect the average cost of water to decrease as 
consumption increases. The DBT refl ects this, and decreases the volumetric rate 
with successive consumption blocks. DBTs provide stable revenue to water utilities 
but also offer a lower per capita water charge for large users. Currently, DBT is 
applied to industrial water charges in OECD countries such as Belgium, Canada, 
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France, and the United Kingdom (OECD  2010 , pp. 56–57). It is seldom applied to 
residential water charges due to water conservation concerns.  

3.1.2     Two-Part Tariff (TWT) 

 A single volumetric rate is considered economically effi cient, easy to administer, 
and understandable by customers. Most of the major cities in China (e.g., Tiangjin, 
Beijing, Shanghai, Guangzhou), Russia (e.g., Novosibirsk, Krasnoyarsk, Omsk), Canada 
(Ottawa, Vancouver), Mongolia (Ulan Bator), the United Kingdom (e.g., Newcastle, 
London, Birmingham, Manchester), and some cities in the United States 
(e.g., Washington DC, New York, Memphis) use a single volumetric rate (IBNET 
 2012 ). Sibly ( 2006a ,  b ) suggested that applying a single volumetric rate is consistent 
with the economic equity principle in which everyone pays the same marginal price 
regardless of consumption.  

3.1.3     Increasing Block Tariff (IBT) 

 IBT is a so-called ‘social tariff’, and is the most popular tariff structure adopted by 
governments or water utilities seeking to assist those who fi nd it diffi cult to meet 
basic needs. The water rate for IBT is low for the fi rst block, and then increases in 
successive blocks as the amount of water consumed increases. In most cases, the 
size of the fi rst block represents a basic, essential amount of water and this rate is 
usually very low and subsidised. The subsequent block rates are usually much 
higher and provide stronger conservation incentives. However, there has been 
increasing criticism over IBT recently in regard to economic ineffi ciency, adminis-
trative complexity, and unfairness to large households (Crase et al.  2007 ; Sibly 
 2006a ), in these terms questioning its social equity. Most countries in Asia apply 
IBT (e.g., Hong Kong, Taiwan, Korea, Philippines, Japan, Indonesia, Vietnam), as 
do some in Europe (e.g., Italy, Spain, Turkey, Portugal), and some cities in the 
United States (e.g., Denver, Atlanta, Columbus, Las Vegas) (IBNET  2012 ).  

3.1.4     Scarcity Pricing 

 Scarcity pricing, or dynamic effi cient water pricing, was proposed by Grafton and 
Kompas ( 2007 ) and Grafton and Ward ( 2008 ) in their analysis of water pricing, 
water rationing, and investment decisions in response to the drought in Sydney from 
2006 to 2008. They suggested that pricing water depending on both the availability 
of water and household demand (i.e., the rate depends on the dynamic, day-by-day 
dam level) could sensitively refl ect the marginal cost of water and would be an 
 effi cient way to balance water supply and demand. To achieve social equity, they 
suggested providing rebates to targeted households.  
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3.1.5     Adapted IBT 

 To address fairness and equity issues, some cities have adjusted their IBT water 
rates according to household characteristics (see Table  15.1 ). For instance, in Spain 
(e.g., Barcelona, Madrid, Seville) the size of the fi rst block of the IBT increases 
when household size is larger than four. In Los Angeles, there is a two-tiered IBT 
system for residential water rates. The fi rst tier is adjusted based on location (tem-
perature zones), lot size, household size, season, and consumption, and the second 
tier is much higher and universal for all. In Malta, there is also a two-tiered IBT 
water rate which is calculated on a per person basis, and the price is different 
depending on whether the consumer is registered as a Maltese resident or not. In 
Belgium, the fi rst block (15 m 3 /person/year) is free and any additional use is charged 
at full price. In Murcia (Spain) and several Greek cities (Athens, Thessaloniki, 
Larissa), volumetric water rates are adjusted according to the number of children.

   Adapted IBT systems can address equity and fairness concerns across different 
types of households. However, there is a sacrifi ce in economic effi ciency and 
 environmental sustainability because it takes away fi nancial incentives for water 
conservation, particularly in times of water scarcity. If the adjusted IBT has a very 
large fi rst block which is either free or very low in price, utilities fi nd it diffi cult to 
recover the costs of operation and maintenance, and generate suffi cient revenue. 
Solving these problems requires increasing the fi xed supply charge, increasing the 
price of the second tier or subsequent blocks, or applying cross-subsidisation 
between residential and industrial customers. In addition, adapted IBTs are complex 
and increase administration costs because they require an accurate social reporting 
system to adjust for different household characteristics. Inevitably, there is revenue 
loss from misreporting of household size. Despite its limitations, adapted IBT has 
been successfully adopted by a range of countries. It provides an alternative way of 
achieving social equity and other objectives by modifying the more popular and 
publicly acceptable IBT structure.   

3.2     Outcomes: Water Affordability Analysis 

 Assessing the social outcomes of various water pricing policies can provide useful 
inputs to designing water tariffs and determining rates. Key social indicators that 
can be built into the price structure are (1) the ratio of connected properties, (2) the 
number of households unable to pay their bills on time, (3) the number of 
 disconnections, and (4) water affordability. The ratio of connected properties is an 
important indicator of ‘water access poverty’, which is a number usually reported in 
a water utility’s annual report. The reason it refl ects poverty is that, among very 
poor households, saving enough money to pay for a water connection is a signifi cant 
challenge (Hutton  2012 ). The indicator is therefore a measure of the proportion of 
households who can afford water and sanitation services. 
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   Table 15.1    Example of adapted IBTs   

 City/country  Year  Description 

  Adjusted by household size (  H  )  
  Spain  
 Barcelona a   2002   H  > 4: for each extra person, 1st and 2nd blocks each increase by 

4.5 m 3 /quarter on basic 18 m 3 /quarter 
 Madrid a   2002   H  > 4: if consumption less than 30 m 3 /quarter, 1st block extended from 

15 m 3 /qtr to actual consumption 
  H  > 5: if consumption less than 40 m 3 /quarter, 2nd block extended 
from 30 m 3 /qtr to actual consumption 

 Seville a   2002   H  > 4: for each extra person, 1st block increased by 4 m 3 /month on 
basic 16 m 3 /month 

  USA  
 Los Angeles b   2012  2-block system: 1st block is based on location/temperature zone, 

season, lot size, household size, and consumption 
  H  ≥ 6: household can apply for fi rst-tier allowance increase 

  Malta  c   2010  Tariffs are calculated per person and whether the person is registered 
on the premises (NoP > 0) or not (NoP = 0) 
 Domestic (NoP =0): 0–33 m 3 ,   2.30/m 3 ; >33 m 3 ,   5.41/m 3  
 Domestic (NoP > 0): 0–33 m 3 ,   1.47/m 3 ; >33 m 3 ,   5.41/m 3 . It has 
cheaper rates and residents are usually Maltese passport holders 

  Belgium  
 Flanders a   1997  First 15 m 3 /person/year is free, all other use is charged at full price 
  Adjusted by number of children (  C  )  
  Spain  
 Murcia a   2002  In 5-block systems, adjustment of 1st block size for 

  C  < 3: 0–20 m 3 /bi-monthly 
  C  = 3: 0–45 m 3 /bi-monthly 
  C  = 4: 0–54 m 3 /bi-monthly 
  C  = 5: 0–63 m 3 /bi-monthly 
  C  = 6: 0–72 m 3 /bi-monthly 
  C  > 6: all consumption blocks equal to the price of 1st block 

  Greece  
 Athens a   1993  5 block system: adjustment of 1st block 

  C  = 0,1,2: 0–15 m 3 /qtr 
  C  = 3: 0–45 m 3 /qtr 
 Each extra child, extra 9 m 3 /qtr 

 Thessaloniki a   n.a.   C  = 0,1,2: normal tariff 
  C  > 2: 1st block increases by 50 % (?) 

 Larissa a   n.a.   C  = 3,4: 0–50 m 3 /qtr, only half is charged 
  C  = 5,6,7: 0–80 m 3 /qtr, only half is charged 
  C  > 7: 0–100 m 3 /qtr, only half is charged 

   a OECD ( 2003 , pp. 85–86) 
  b   www.ladwp.com     
  c   http://www.wsc.com.mt              
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 A related water affordability indicator is the ratio of expenditure on water and 
sanitation services to household income or expenditure. There are some international 
guidelines about the limits to water affordability. According to the World Bank’s 
guidelines for funding water projects, water should not cost more than 3–5 % of 
disposal income or household expenditure (OECD  2010 ). The UNDP uses 3 %, the 
OECD 4 %, while the Asian Development Bank and the African Development Bank 
use a 5 % fi gure (Smets  2009 ; Fankhauser and Tepic  2007 ). Some countries also set 
affordability limits in their national laws. For both water and sanitation, the limits 
are: Lithuania (2 %), Northern Ireland and France (3 %), Venezuela (4 %), Chile and 
Kenya (5 %), and Mongolia (6 %). For water only, the fi gures are United States 
(2 %), Argentina, Venezuela, and United Kingdom (3 %), and Indonesia and 
Mongolia (4 %) (Smets  2009 ). Although the threshold varies by country, comparing 
water affordability across time and across regions can give us a quantitative indica-
tion of how water pricing affects social outcomes. 

 There are a number of international studies comparing water affordability 
(e.g., OECD  2003 ,  2010 ; Fankhauser and Tepic  2007 ; Smets  1999 ,  2000 ,  2009 ). 
The OECD ( 2003 ) survey showed that in most OECD countries water and sewerage 
(W&S) charges ranged from 0.5 % to 2.4 % of household income or expenditure. In 
a later study in 2008 (OECD  2010 ), water affordability was found to range from 
0.2 % to 1.2 %. In the case of transitional European economies, Fankhauser and 
Tepic ( 2007 ) found that water expenditure accounted for less than 3 % of income in 
most countries, except in Hungary (4.1 %), Romania (3.1 %), and Russia (3.5 %). 
However, it should be remembered that if the water price were required to generate 
enough revenue for full cost recovery, the estimated water affordability index would 
be considerably higher, even over 10 % in certain countries. 

 So far, we have been talking in terms of ‘macro-affordability’, a broad analysis 
which uses a statistical mean to compare water affordability at national and interna-
tional levels. The drawback of such an aggregate indicator is that it does not refl ect 
the burden of water charges across different income groups, geographical locations, 
or household types. 

 Micro-affordability analysis seeks to break down the macro-affordability  indicator 
into various factors of interest such as income group, region, and family type, or 
even over time (OECD  2003 , p. 37). The OECD ( 2003 ) survey found that, as income 
goes down, the proportion of expenditure spent on water increases. So, for the 
highest income households, expenditure on water is usually less than 1 % of total 
expenditure, but for the lowest quintile it accounts for more than 3 %, as shown 
from surveys in Mexico and England and Wales. The updated 2008 survey (OECD 
 2010 ) also found that for the poorest of Polish households, W&S expenditure 
accounted for 7.9 % of household expenditure. 

 In measuring the level of water poverty, Smets ( 2009 ) found that 1 % of French 
households spent more than 4.8 % of their income on W&S bills, and 2 % of UK 
households spent more than 8 % of their income on W&S. The affordability issue 
was even more serious among the median income and lowest income households in 
Poland, Rumania, Armenia, El Salvador, Argentina, Jamaica, and Africa (Smets 
 2009 ). In general, the main factors contributing to water affordability problems are 
poverty, water scarcity, and inadequate water infrastructure (OECD  2003 , pp. 32–33). 
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The dilemma is that poor water infrastructure requires signifi cant investment, and 
improvements cause a rapid increase in water prices, so poor people end up facing 
a signifi cant fi nancial burden.  

3.3     Relevant Social Policies 

 Instead of having a price structure that applies to all water consumers, it is possible 
for governments to address water affordability and social equity through approaches 
outside the tariff scheme, such as targeted social measures involving direct aid. 
Governments or water utilities identify certain target group(s), and provide them 
with one or more forms of assistance such as free water allowances, output-based 
water concessions or subsidies, income support payments, or debt relief for their 
water bills. Measures such as these have been used in a variety of ways in different 
countries to assist water affordability. 

3.3.1     Types of Targeted Measures 

   Free Water Allowance 

 Instead of providing a universal free water quota, such as happens in South Africa 
(Muller  2008 ), an alternative is a free water allowance that is only allocated to 
 identifi ed households which have a low income or specifi c need. For instance, in 
Uruguay free water and sanitation services are provided to the elderly who consume 
less than 10 m 3  per month; in Niger, indigent households with especially low 
incomes receive 6 m 3  of water per month for free (Smets  2009 ).  

   Price Reduction with Conditions 

 Targeted households can be provided with price reductions under certain  conditions. 
For example, in Porto Alegre, Brazil, low income water users who consume less 
than 10 m 3  per month receive a 60 % reduction in their water bill (Smets  2009 ). 
In Gabon (Libreville), subscribers who consume less than 15 m 3  per month can 
apply for a 50 % discount on their water tariff (Smets  2009 ). These measures bal-
ance both social equity and conservation objectives.  

   Cross-Subsidisation and Price Differentiation 

 Utility subsidies can be provided to poor households to relieve fi nancial hardship 
using a system of cross-subsidisation, such as in the case of Colombia (Gómez- 
Lobo and Meléndez  2007 , p. 17). The poorest Colombian households pay for water 
at below-average cost, while higher income households, businesses, and industries 
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pay a surcharge as a contribution to fi nance the subsidy (if there is defi cit the 
 government pays). The amount of subsidy that a household receives depends on the 
dwelling type and the amount of water consumed. Recently, the UK government 
introduced a policy that water companies need to provide social tariffs to ‘target’ 
households (DEFRA  2012 ). To generate suffi cient revenue, companies are allowed 
to charge differential tariffs among their different customer classes in order to 
 subsidise the scheme.  

   Debt Aid 

 Households experiencing fi nancial hardships in paying water and sewerage bills can 
sometimes seek assistance from the government or social organisations. In the 
Walloon region of Belgium, a social fund for water has been established through a 
tax on water consumption of 1.25 cents/m 3  to assist households having payment 
diffi culties. Assistance is delivered via municipal social assistance centres (Smets 
 2009 ). Similarly, in France a housing solidarity fund is co-fi nanced by the 
 government and the private water utilities to assist households who have trouble 
paying their water bills (Smets  2009 ). In Australia, households encountering 
 fi nancial hardship can approach community organisations, such as St Vincent de 
Paul, to obtain water vouchers. Water utilities in some countries also assist house-
holds in fi nancial diffi culty by working out a payment plan without disconnecting 
or restricting their water use, such as happens in Australia and in some parts of the 
United States (e.g., San Antonio).  

   Output-Based Subsidies 

 Governments can implement an output-based consumption subsidy to make water 
more affordable for the poor. For example, Chilean water consumers in the lower 
income quintile who spend more than 5 % of their income on water and sanitation 
are entitled to a discount on their water bills (Gómez-Lobo  2001 ). To be eligible for 
the subsidy, households have to apply to the municipality on a scoring system, 
called CAS, which produces a score for each household based on a personal 
 interview at their dwelling. The process identifi es household members, living condi-
tions, health conditions, occupations, income and assets, and other socio-economic 
variables. It is the main target instrument in Chile for distributing means-tested 
subsidies, pensioner payments, and other benefi ts. Eligible households can apply 
for their water bills to be partially or totally paid for by the government, with a cap 
of 15 m 3  of water a month. In 1998, 13 % of households received an average of 
US$10 per month at a total cost of US$33.6 million. The subsidies represent almost 
8 % of the income of the lowest income group (Gómez-Lobo  2001 ).  
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   Water Concessions 

 Provision of water concessions can be integrated with other utility allowances and 
the existing social security system. For instance, in Australia most of the water 
 concession schemes are funded at both Commonwealth and State levels, although 
administered by the latter and delivered by utility companies. In 2010/11, the total 
expenditure on water and sewerage concessions in the State of Victoria was $135.3 
million, and 6.7 million (35 %) of Victorian households benefi ted from the water 
concession (Victorian DHS  2012 , p. 32). The following section discusses State 
water concession policies in Australia. 

 In summary, social measures can be devised to give households relief from fi nan-
cial hardship or assist in paying for essential water and sanitation services. This 
improves affordability and reduces social inequity. Unlike tariff-based solutions, 
targeted measures can be means-tested and directed to households or individuals 
with specifi c needs. There is no direct distortion of the water price, and consumers 
remain responsive to water price signals, leading to less economic ineffi ciency. 
Collectively, a disadvantaged group are helped to meet their fi nancial, social, and 
other objectives.     

4     Australian Urban Water Pricing and Concession Policy 

 This section provides an example of water affordability analysis and the impacts of 
concession policies applied in a range of major Australian cities. The cities under 
comparison are Sydney (New South Wales), Melbourne (Victoria), Canberra 
(Australian Capital Territory), Brisbane (Queensland), Adelaide (South Australia), 
Perth (Western Australia), and Darwin (Northern Territory). The cities are located 
in various climatic zones, they are under different jurisdictions, administrations, and 
institutions, and their regulatory frameworks for urban water pricing and concession 
policies differ. Table  15.2  summarises the average maximum temperature, average 
rainfall, average household water consumption, median household income, and 
average water and sewerage bills in 2011/12. The following analysis and comparison 
was based on the median household income and average residential water  consump-
tion of each city for the period 1995/96 to 2011/12.

4.1       Urban Water Regulatory and Pricing Framework 

 In Australia, all retail water utility companies in the major cities are state-owned 
companies. Except in Melbourne, all the cities have only one main retail water 
operator. In the case of Melbourne, the city went through a phase of devolving its 
water business in a reform of the urban water sector in 1990s (Godden  2008 ). Now 
Melbourne Water manages the water resources and bulk water supply infrastructure, 
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while three retail water companies, Yarra Valley Water, City West Water, and South 
East Water, purchase water from Melbourne Water and resell it to residential and 
business customers. Because the three retailers service customers in distinct geo-
graphical locations, there is no direct competition between the companies. However 
the Productivity Commission ( 2011 , p. 333) recognised that the horizontal segrega-
tion of water businesses could encourage benchmarking and comparative best prac-
tices, ultimately benefi tting customers. Queensland, by way of contrast, went 
through urban water sector reform by horizontal integration in 2008, leading to a 
South East Queensland (SEQ) Water Grid. Under the SEQ Water Grid arrangement, 
the water retail business for the Brisbane region was transferred from Brisbane City 
Council to a single company, Queensland Urban Utilities. 

 To explain the differences in the water business models, it needs to be recognised 
that each Australian State or Territory has established its own independent  economic 
regulator to manage the licensing of the water utilities (Table  15.3 ). However, as of 
2009, the independent regulators have set water and sewerage prices only in Sydney 
(NSW), Melbourne (Victoria), and Canberra (ACT). In these cities, water utilities 
submit proposed tariffs for the next 3–5 years, with supporting evidence of forecast 
water consumption, revenue, expenditure, and costs for infrastructure investment or 
upgrade. The independent regulators assess the proposed pricing and announce their 
fi nal price determination which takes into consideration cost recovery, fi nancial 
 sustainability, environmental conservation, and affordability impacts on water 
 customers. As suggested by the Productivity Commission ( 2011 ), the urban water 
sector is able to contribute to the social objective of universal and affordable access 
to water and wastewater services “by ensuring that service delivery costs are no 
higher than necessary” (p. 53).

   Table 15.2    Summary of water utility and residential consumption (2011/12)   

 City 

 Average 
max. 
temperature 
(°C) a  

 Average 
rainfall 
(mm) a  

 Average water 
use (kL/
property) b  

 Average 
water & 
sewerage 
bill 
(AU$) b  

 Median HH 
gross 
weekly 
income 
(AU$) c  

 Median 
equivalised 
household 
disposable 
weekly 
income 
(AU$) c  

 Sydney  22.3  1,276.5  193  1,090  1,726  851 
 Melbourne d   20.1  654.4  144  910  1,568  816 
 Canberra  19.7  630.0  180  1,073  2,124  1,065 
 Brisbane  25.3  1,194.0  139  1,013  1,534  858 
 Adelaide  22.1  563.0  179  1,148  1,308  765 
 Perth  24.5  745.3  250  1,128  1,695  882 
 Darwin  32.1  1,847.1  471  1,417  1,969  962 

  Data sources 
  a ABS Year Book Australia  2012 , Cat. 1301.0 
  b NWC (2013) National Performance Report 2011/12: Urban water utilities 
  c ABS Household Income and Income Distribution, Australia, 2011/12, Cat. 6523.0 
  d Melbourne water consumption and billing data those reported by Yarra Valley Water  
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4.2        Urban Water Tariffs in Major Cities 

 In terms of water tariff structure, two-part tariffs (TPT) and increasing block tariffs 
(IBTs) were introduced between 1995 and 2012 in all major cities. Table  15.4  shows 
that all cities have experienced a change in water tariff structure over the last 15 
years. Both Sydney and Melbourne water retailers changed from TPT in the 1990s 
to IBT in 2005/06 in response to drought conditions. Melbourne retailers have kept 
the IBT structure since then and Sydney Water changed back to TPT after 2009. 
Brisbane has changed from TPT to IBT since 2008/09. Adelaide, Perth, and 
Canberra applied IBT over all that period, while Darwin applied TPT throughout 
this time. In regard to sewerage charge, all cities applied a fi xed charge, except 
Melbourne where retailers applied TPT. In this way, Melbourne households received 
a price signal for both water use and sewerage disposal. Due to the differences in 
water tariffs across cities, we will compute the affordability ratio and value of con-
cessions in accordance with the pricing and concession rules.

   Table 15.3    Independent economic regulators who determine residential water pricing in Australia 
(as of 2009)   

 State (city) 
 Urban water 
retailers  Economic regulator 

 Water price setting 
authority 

 NSW (Sydney)  Sydney Water  Independent Pricing and 
Regulatory Tribunal (IPART) 

 IPART 

 Victoria 
(Melbourne) 

 Yarra Valley Water, 
City West Water, 
South East Water 

 Essential Services 
Commission (ESC) 

 ESC 

 ACT (Canberra)  ActewAGL  Independent Competition and 
Regulatory Commission 
(ICRC) 

 ICRC 

 QLD (Brisbane)  Brisbane Water/
Queensland Urban 
Utilities 

 Queensland Competition 
Authority 

 Brisbane City 
Council 

 NT (Darwin)  Power and Water 
Authority 

 Utilities Commission  Treasurer (Regulatory 
Minister) 

 SA (Adelaide)  SA Water  Essential Services 
Commission of South 
Australia (ESCOSA) 

 SA Cabinet 

 WA (Perth)  Water 
Corporation – 
Perth 

 Economic Regulation 
Authority (ERA) 

 Western Australia 
Cabinet 

  Source: National Water Commission – Australian Water Governance  2009   
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4.3        Trends in Water Consumption and Expenditure 

 As shown in Fig.  15.2 , the level of average residential water consumption has, over 
the period 1995/96 to 2012/13, increased then decreased across all major Australian 
cities. The reduction corresponds to the introduction of water restrictions, commu-
nity water conservation and education programs, and increases in water prices 
(Halich and Stephenson  2009 ; Renwick and Green  2000 ). Since Darwin has the 
highest average maximum temperature and rainfall, the average water consumption 
there has always been highest. Brisbane and Melbourne have the lowest average 
water consumption, with 139 kL and 144 kL respectively in 2011/12. Responding 
to drought condition during the period 1997–2009, almost all major cities imple-
mented water restrictions. Sydney imposed water restrictions in 2003 and upgraded 
them to level 3 in 2008, which remained in force until June 2009. Similarly, 
Melbourne implemented Stage 1 restrictions in August 2006 and gradually ramped 
them up to Stage 3a in 2007. Under water restrictions, household residents were 
only permitted to water their garden and lawns with hand buckets on alternate days; 
while washing cars or driveways or refi lling swimming pools was not permitted. 
With increased rainfall, water restrictions were lifted in 2012 and have been replaced 
with other mandatory water conservation measures in all cities. Average water 
 consumption has therefore bounced back slightly in 2012/13, but it is still much 
lower than in 1996/97. This demonstrates that water effi ciency and education 
 programs implemented during the drought period have successfully reduced peo-
ple’s water consumption patterns.  

 However, reduction in average water consumption does not necessarily translate 
to lower water bills (Fig.  15.2 ). After accounting for a rise in the consumer price 
index (CPI), the real average water and wastewater expenditure in all Australian 
cities have slightly decreased and then increased since 2007/08. For the latest 
2011/12 fi gures, an average household in Darwin is now charged the most ($1,417), 
while Melbourne households pay the least ($793). In general, however, over the 

   Table 15.4    Water and wastewater tariff structures over time   

 Australian capital city 

 Sydney  Melbourne  Brisbane  Adelaide  Perth  Darwin  Canberra 

  1995/96    Water   TPT  TPT  TPT  IBT  IBT  TPT  IBT 

 (3 steps)  (2 steps)  (2 steps) 

  Wastewater   FC  TPT  FC  FC  FC  FC  FC 

  2005/06    Water   IBT  IBT  TPT  IBT  IBT  TPT  IBT 

 (2 
steps) 

 (3 steps)  (2 steps)  (5 steps)  (3 steps) 

  Wastewater   FC  TPT  FC  FC  FC  FC  FC 

  2011/12    Water   TPT  IBT  IBT  TPT  IBT  TPT  IBT 

 (3 steps)  (3 steps)  (6 steps)  (2 steps) 

  Wastewater   FC  TPT  FC  FC  FC  FC  FC 

  Source:  WSAA facts  ( 1995 –2005); NWC National Water Performance report (2006/06–2011/12)  
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  Fig. 15.2    Average water consumption (bars, left axis) and average real water and sewerage expen-
diture (line, right axis) of major Australian capital cities from 1996 to 2013       
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period there have been lower average water consumption levels (kL/property), 
meaning that water utilities have had to increase tariffs in order to recover costs. In 
addition, the prolonged drought from 2003 to 2007 has encouraged many State and 
Territory governments to invest in supply augmentation projects, such as the building 
of desalination plants in southeast Queensland (in 2009), Western Australia (2006), 
New South Wales (2010), Victoria (2012), and South Australia (2012); and the 
enlargement of Cotter Dam in the ACT. Such capital investments inevitably lead to 
increased water tariffs because water charges are determined by the weighted average 
cost of capital. Of course, with abundant rain in 2012, public queries have been 
raised about the value of these projects. Most notably, the desalination plants in New 
South Wales will cost water consumers $10 billion over 50 years (Malone  2013 ).  

4.4     Water Affordability Analysis of Major Cities Over Time 

 We now set out to compare water affordability over time for the seven major Australian 
cities using the method applied in OECD ( 2003 ) and Fankhauser and Tepic ( 2007 ). In 
this analysis, water affordability (also called ‘water burden’) is the ratio of average 
residential water consumption (kL/property) to median household income. Average 
residential water consumption was extracted from  WSAA Facts  from 1995/96 to 
2005/06 and in  NWC National Performance Reports  from 2006 to 2013. Household 
income is also adjusted by the amount of tax paid and is equivalised to the OECD 
modifi ed scale to account for different economic resources required by different family 
types. The weekly median equivalent disposable income in each city was taken from 
ABS Household Income and Income Distribution in various years. 

 Figure  15.3  shows water burdens across cities from 2000/01 to 2011/12. In general, 
the average water burden decreased from 2000/01 but then increased again from 
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  Fig. 15.3    Average water burden (% of average income) of major Australian cities from 2000/01 
to 2011/12       
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2006/07 to 2011/12. The increase in water burden largely corresponds with the 
rapid rise of water tariffs in most cities during the drought period. In 2000/01, the 
average water burden in Perth and Adelaide was above 3 %, it then declined 
to below 2.5 % in 2007/08 and is now 2.8 % in 2011/12. Melbourne residents have 
enjoyed the lowest average water burden in most years except 2011/12. Canberra 
residents, who have the nation’s highest average income, had the lowest average 
water burden in 2011/12. After all, all cities except Darwin, have a lower average 
water burden in 2011/12 compared to 10 years ago.   

4.5     Water Affordability Across Income Quintiles 

 It is possible to compare water affordability of major Australian cities across income 
groups. This micro-affordability analysis is based on average water consumption 
and equivalent median household disposable income for each income quintile 
reported by ABS ( 2013 ). 

 Figure  15.4  shows the distribution of average water burden across household 
income quintiles based on an average water consumption in 2009/10. As expected, 
the average water burden increases as household income decreases across all capital 
cities. For the lowest income quintile households (Q1), water burdens were over 
4 % for all cities, the highest being 6.6 % in Sydney and 6.2 % in Perth. The second 
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quintile households (Q2) also had water burdens over 3 % in Sydney, Brisbane 
Adelaide, Perth, and Darwin. Melbourne households experienced the lowest water bur-
den in all income quintiles, with Canberra households having the second lowest.  

 The water burdens for the lowest quintile ranged between 4 and 6.6 %, while the 
fi gure for the highest quintile households ranged from 0.8 % to 1.2 %. In terms of 
equity, water burden for the lowest quintile was 2–2.5 times heavier than for those 
in the top quintile. However, if we consider the 3 % water affordability benchmark, 
as applied in Fitch and Price ( 2002 ) and Fankhauser and Tepic ( 2007 ), this result 
suggests that households in the bottom 40 % of income distribution (Q1 and Q2) 
should receive extra assistance to reduce their water burden.  

4.6     Water Concessions in Australian Cities 

 In Australia, all States and Territory governments provide water concessions to help 
eligible households afford water (see  Appendix ). The concession scheme is usually 
funded and administered by government and delivered via water retailers as part of 
their customer service obligations. The eligibility and entitlements vary from state 
to state but are mostly tied to the possession of concession cards issued by the 
Commonwealth government. In the case of Victoria, almost 25 % of the Victorians 
held at least one concession card and almost 35 % of the households received water 
concession in 2006/07 (Vic DHS  2007 ). 

 Water concession entitlement may come in vary forms (see  Appendix ). For 
example, in Canberra and Sydney, water concessions are applied only to the fi xed 
water supply charge only, whereas in Victoria and the Northern Territory concessions 
are applied as a discount on the total water and sewerage charges (to a capped amount). 

 In order to compare the values and impacts of State water concessions, we have 
done an analysis using three scenarios each with a different level of water consump-
tion. There are many factors infl uencing residential water consumption, including 
household size and income. The consumption levels for each type of households in 
each city are summarised in Table  15.5 . In this analysis we ignore the different types 
of concession cards. In accordance with an IPART survey of Sydney households 
( 2010 , p. 116–117), we make the following assumptions.

   Table 15.5    Amount of water consumption for low, average, and high consumption households   

 City 

 Annual water consumption (kL) 

 Low consumption  Average consumption  High consumption 

 Sydney  145  193  241 
 Melbourne  107  142  178 
 Canberra  135  180  225 
 Brisbane  104  139  174 
 Adelaide  134  179  224 
 Perth  188  250  313 
 Darwin  377  471  589 
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•     Low water consumption households use 25 % less than the average water 
consumption in their city. It represents consumption for a 1–2 person 
household.  

•   Average consumption level represents the water use for a 3–4 person 
household.  

•   High consumption households use 25 % more than the average. It represents 
consumption for large family household.    

 Based on the water concession rules in each city in 2010/11 (see  Appendix ), 
Fig.  15.5  shows, for different water consumption levels, the water and sewerage 
(W&S) bills before and after concessions. The red areas represent the amount of 
water concession received by eligible households.  

4.6.1     Scenario 1: Low Water Consumption Households 

 Among households with low consumption, who use 25 % less than the average 
consumption, Darwin households had the highest W&S bills in 2010/11, both 
before ($1,271) and after ($680) water concessions were applied. Melbourne house-
holds had the lowest bills before concessions were applied ($720), whereas after 
water rebates were applied, eligible Perth households had the lowest bills ($397). 
The value of water concessions ranged from $231 to $591 across cities. Eligible 
households in Adelaide and Melbourne had the lowest levels of water rebates, $231 
and $270 respectively. Darwin and Sydney households had the largest water rebate, 
$591 and $576 respectively. Overall, water concessions entitled eligible consumers 
with a 28–58 % discount from the original bill. The largest fi gure (58 %) applied to 
eligible Sydney households, while eligible households in Darwin, Brisbane, Perth, 
and Canberra had almost a 50 % reduction. However Adelaide households who had 
low water consumption received the smallest discount (28 %).  

4.6.2     Scenario 2: Average Water Consumption Households 

 Similarly, for average water consumption levels, Darwin households had the highest 
W&S bills in 2011/12, both before ($1,423) and after ($765) water concessions 
were applied. Melbourne households had the lowest bill before rebates ($821), 
while Perth households had the lowest total bill after rebates ($493). The value of 
water concessions ranged from $262 to $658. As for Scenario 1, Darwin and Sydney 
received the largest amount of water rebates, while Adelaide and Perth households 
received the smallest. Percentage discounts from water concessions ranged from 
28 % to 53 %. Eligible Sydney households had the largest percentage reduction 
(53 %) while Adelaide households received the smallest (28 %).  
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  Fig. 15.5    Water and sewerage (W&S) bills before and after water rebates (2010/11) for  households 
with different levels of water consumption (low, average, and high)       
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4.6.3     Scenario 3: High Water Consumption Households 

 For households with high levels of water consumption (25 % more than the average), 
the W&S bills in Darwin, Sydney, and Canberra were all above $1,000 before 
concessions were applied. After water rebates, the bills were reduced by half. 
Both Melbourne and Perth households still had the lowest total bill before 
 concessions were applied ($928), while Brisbane households had the lowest bills 
after water rebates ($570). The value of water concessions ranged between $270 
and $725 across all cities. Melbourne consumers received the smallest amount of 
rebate while Darwin consumers received the largest amount for high levels of water 
consumption. Percentage discounts from water concessions ranged between 27 % 
and 48 %. At this consumption level, Sydney, Brisbane, and Darwin had the biggest 
discount (46–48 %) while Adelaide and Melbourne had the smallest (27–29 %). 

 By and large, water concession policies in all major cities appear to be effective 
in reducing water bills for eligible households by signifi cant amounts. In Sydney, 
Melbourne, Canberra, and Perth, the value of water concessions (i.e., the amount of 
rebate) remained about the same for different levels of water consumption. This is 
because water rebates only apply to fi xed supply charges (in the cases of Sydney 
and Canberra) or to a percentage reduction and with a low cap amount (in the cases 
of Melbourne and Perth). In other cities, the amount of water rebates increase with 
increasing water consumption. From the perspective of economic effi ciency, Sibly 
( 2006a ) and Whittington ( 2003 ) recommend that rebates should target the fi xed 
 supply charge without distorting the marginal price of water. 

 Nevertheless, in terms of percentages, the discounts generally become smaller 
with increasing levels of water consumption, regardless of city, in accordance to the 
relevant water concession rules. Eligible Darwin, Brisbane, and Adelaide house-
holds have slight reduction in rebate discount (%) even water consumption increases. 
In other cities, high consumption households receive much less in rebate discount 
than low consumption households. It aligns to the objective of water conservation 
that the concession policy does not encourage excessive water use. However in 
terms of ‘horizontal’ equity, larger households, who have higher levels of water 
consumption, receive relatively less concession benefi ts (i.e., percentage reduction). 
A review by the Productivity Commission ( 2011 , p. 203) concluded that current 
water concessions were to a certain extent ineffi cient and inequitable. When design-
ing a concession policy, striking a balance between different objectives therefore 
poses a challenge, both to water pricing regulators and social policy makers.    

5     Conclusions 

 With rapid rises in urban water prices around the world, addressing the social equity 
and affordability issues which surround the cost of water is increasingly important. 
This chapter provides Australian and international perspectives on how social 
concerns about urban water costs can be tackled through the use of water pricing 
principles and policies. 

15 Integrating Social Aspects into Urban Water Pricing: Australian…



332

 Designing and implementing residential water pricing is complex. There are multi-
ple objectives involving fi nancial sustainability, economic effi ciency, environmental 
conservation, social equity, and affordability. Some of these objectives confl ict with 
each other, although others are complementary. Different pricing designs will achieve 
different equity balances. Among tariff-based solutions, the increasing block tariff 
(IBT) is the most popular method and has been used in both developed and developing 
countries (IBNET  2012 ). However it is debatable whether it achieves the most equita-
ble outcome. Adapted IBT have been proposed in order to achieve a better balance. 

 To assess the effect of pricing policy, water affordability analysis can assist in iden-
tifying those water consumers who would encounter affordability problems if real 
prices were to increase. To better identify target households and address water poverty 
issues, the use of metrics such as household size and income level could be helpful. In 
all cases, the aim and outcome of such targeted solutions needs to be equitable and 
effi cient. Targeted policies are more effi cient than most other solutions, but they do 
require an advanced social security system such as in Australia and Chile. 

 Successful social policy needs to achieve fi ve ‘E’s: equity, effectiveness, employ-
ment, effi ciency, and economy (Herscovitch and Stanton  2008 ). When comparing the 
Australian and Chilean systems of assisting households pay for water, the output- based 
system in Chile is more comprehensive, fairer, and targeted to those in need. The value 
of water subsidies provided to eligible Chilean households is based on their socio-
economic characteristics and consumption levels. In Australia, by contrast, eligibility 
to receive water concession largely relies on possessing Commonwealth and State con-
cession cards. However, possession of those cards does not fully refl ect the true mix of 
household characteristics, economic status, and consumption level. 

 This paper has provided a brief analysis of the Australian State water concession 
policies and their impacts on eligible households. As more data becomes available, 
further analysis would be useful. Before any change to water pricing is made, a 
review of government assistance should be done as to address equity and afford-
ability. In this way, we can ensure that disadvantaged groups are not fi nancially hurt 
by price increases.      

       Appendix: State-by-State Water Concession Policies 
in Australian Cities, 2011/12 

 Cities  Eligibility  Concession  Source 

 Canberra 
(ACT) 

 Centrelink Pensioner 
Concession Card 
holder 

 68 % discount in water and 
sewerage supply charge 

   www.actewagl.com.
au     

 Veterans’ Affairs Gold 
Card holder 

 68 % discount in water and 
sewerage supply charge 

 Health Care Card 
holder 

 Rebate on water charges only 

(continued)
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 Cities  Eligibility  Concession  Source 

 Sydney (NSW)  Owner-occupiers with 
Pensioner Concession 
Card, Dept of Veterans’ 
Affairs Gold Card, 
Veterans’ Affairs Blue 
Card – Pensioner 
Concession, or 
receiving DVA 
intermediate rate 
pension 

 Water: 100 % discount on 
the standard quarterly 
service charge to maximum 
of $36.22. Reduction of 
33 % on water use charges 
to a maximum of 100 kL a 
year (for resident 
pensioners who have a 
water service only) 

   www.sydneywater.
com.au     

 Sewerage: 83 % discount on 
the standard quarterly service 
charge 

 Melbourne 
(Victoria) 

 Centrelink Pensioner 
Concession Card, 
Centrelink Health Care 
Card, DVA Concession 
Card, DVA Gold Card 

 50 % discount on water and 
sewerage charges up to max 
of $270.20 per year 

   www.yvw.com.au     

 Water only: 50 % discount on 
water charges up to max of 
$138.50 per year 

 Adelaide 
(South 
Australia) 

 Owner-occupier or 
tenants with Pensioner 
Concession Card; 
Seniors Card; DVA 
Gold Card; full-time 
student; Centrelink 
benefi t or allowance 
receiver; low income 
earner 

 25 % discount on water 
charges over a year subject 
to minimum and maximum 
amounts 

   www.dcsi.sa.gov.au     

 Water concession: 
 Owner occupier: min $155, 
max $265 
 Tenant: min $90, max $200 
 Sewerage concession: max 
$110 per year 

 Brisbane 
(Queensland) 

 Owner-occupier or life 
tenant with Pensioner 
Concession Card or 
DVA Gold Card 

 Subsidy up to a max of 
$120 off the cost of water 
charges per year from 
Queensland Council. 

   www.communities.
qld.gov.au     

 Brisbane City Council 
provided Pension remission 
up to 40 % discount of net 
charges in total bill to max 
$476 per year. 

 Perth (Western 
Australia) 

 Pensioner Concession 
Card, state concession 
card 

 Rebate of up to 50 % of 
annual service charges and 
50 % of water usage charge 
up to 150 kL per year. 

   www.
watercorporation.
com.au     

 WA Seniors Card  Rebate of up to 25 % 
(capped) of annual service 
charges 

 Both WA Seniors and 
Commonwealth 
Seniors Health Card 

 Rebate of up to 50 % on 
annual service charges, or 
may be eligible to defer 
those charges 

(continued)
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 Cities  Eligibility  Concession  Source 

 Darwin 
(Northern 
Territory) 

 Centrelink Pensioner 
Card; DVA Gold Card; 
DVA Concession Card; 
Centrelink carer 
allowance receiver; 
non- pensioner aged 
war service veteran; 
low income 
superannuants; senior 
citizens 

 Daily water concession: 
water fi xed charge = $0.407 
per day; water usage 
charge = $0.725 per kL, 
sewerage fi xed 
charge = $0.754 per day. 

   www.health.nt.gov.
au     

  Source: Adapted from Productivity Commission ( 2011 , Table 8.4) and updated information from 
the government websites listed 
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Chapter 16
Does Residential Water Use Depend on Water 
Quality? Some Answers from a French 
Case Study

Arnaud Reynaud and Marian A. Garcia-Valiñas

1  Introduction

Since water is considered a basic human right and essential for life and health 
(United Nations 2002), water quality problems have emerged as a significant 
environmental issue. Beach closures, destroyed habitat, unsafe drinking water, fish 
kills, and many other severe environmental and human health problems result from 
water pollution. Several countries have made advances to clean up the aquatic envi-
ronment by controlling point source pollution entering waterways from single, 
identifiable sources, such as a pipe or a ditch. However, nonpoint source pollution 
remains an important source of water quality problems. This kind of pollution 
occurs when rainfall, snowmelt, or irrigation runs over land or through the ground, 
picks up pollutants, and deposits them into rivers, lakes, or coastal waters or introduces 
them into ground water. It also includes adverse changes to the vegetation, shape, 
and flow of streams and other aquatic systems.

Pollutants found in water bodies come from households, industry, or agricultural 
activities. Some common pollutants are pesticides, pathogens (bacteria and viruses), 
salts, oil, grease, toxic chemicals, and heavy metals. Other pollutants (typically 
coming from nonpoint source pollution) are sediment and nutrients. There are also 
some emerging issues like the presence of pharmaceuticals in tap water. Reports of 
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trace concentrations of pharmaceuticals in the water cycle have raised concerns 
among various stakeholders –such as regulators, governments, water suppliers, and 
the public – over the potential human health risks from exposure to very low levels 
of pharmaceuticals in drinking water (World Health Organization 2011). This issue 
is difficult to address since some pollutants are not easy to measure, and their con-
sequences for human health are not totally clear.1

With increasing levels of pollution in water bodies and high media coverage of 
tap water contamination episodes,2 it is not surprising that households have become 
more suspicious about tap water. In 2000, Ortalda and Hatchuel (2000) surveyed a 
representative sample of the France population. They found that 42 % of the sample 
did not drink tap water. Among these people, the main reason for this choice 
(44.7 %) was the bad taste of tap water; contamination by toxic substances and 
associated health issues was the second main reason (23.6 %). According to a 
Sofres/CIEAU survey in 2009, 22 % of the French population have a negative view 
of tap water quality, especially because of its bad taste, and 20 % consider that con-
trols of tap water quality are not sufficient.

As a result, a few scholars have tried to understand how residential water users 
are influenced by the quality of raw and tap water, and this chapter adds to this lit-
erature. More specifically, we investigate the possible link between residential water 
consumption and the quality of both raw water and tap water. As will be discussed 
later, there are various difficulties that must be overcome. First, consumption of 
water for drinking and cooking purposes (potentially affected by tap water quality) 
represents only a small part of total household water use, making variations in tap 
water consumption induced by low water quality difficult to identify.3 Second, per-
ceived water quality might be as important as observed water quality when it comes 
to influencing household behaviour. Third, data on the quality of raw water and 
drinking water are difficult to get.

The chapter is organised as follows. First, we survey the relevant literature on 
residential water use in relation to water quality. In the next section, we discuss the 
methodology and develop a model which assumes that water quality can affect both 
residential water demand and prices. Finally, we present an empirical analysis of a 
sample of municipalities located in the Southwest of France (the Adour–Garonne 
basin), and conclude with a summary of the main findings.

1 As Shaw (2005, p. 67) pointed out: “an excellent current example of an uncertain effect is from 
exposure to methyl tertiary-butyl ether (MTBE), which is a fuel additive used to oxygenate fuels 
to decrease air pollution, but which is being found in groundwater supplies … there is still debate 
about whether MTBE causes cancer or not”.
2 For instance, in January 2013 the French non-governmental association ‘France Liberté’ and the 
consumer association ‘60 millions de consommateurs’ published a map of municipalities allowed 
to deliver tap water which does not comply with water quality standards.
3 In France, drinking water represents about 1 % of households’ tap water consumption. This figure 
rises to 7 % if we include water used for preparing food.
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2  Water Quality and Its Impact on Residential Water 
Consumption: A Brief Review

In developed countries, most studies have focused on modelling the impact of sev-
eral economic (and non-strictly economic) instruments on residential water demand. 
Despite the importance of quality issues, only a few studies have analysed the 
impact of water quality on households’ water consumption.

In the United States, Piper (2003) reported that water quality had a strong impact 
both on residential water demand and on the cost of water. García-Valiñas (2006) 
and Roibás et al. (2007) analysed the effects of drought and restrictions on residen-
tial water demand in Seville, Spain. In their model, they used a dummy variable 
which was put equal to 1 when chemical parameters of the water did not comply 
with the minimum requirements defined by water quality regulations. They found 
that water quality deterioration led to appreciable reductions in water consumption. 
In a similar way, Monteiro (2010) included a quality variable into a residential water 
demand model, where the variable was defined as the percentage of water analyses 
failing to comply with mandatory quality parameters. He found that, for Portugal, 
there was a negative relationship between the quality variable and residential water 
demand.

A few studies have focused on the relationship between tap water consumption 
and raw water quality (in rivers, lakes, or aquifers). For instance, in constructing 
water demand models, Reynaud et al. (2005) used average biochemical oxygen 
demand (BOD) as the regressor, whereas Reynaud (2010) took the proportion of 
rivers classified as bad quality for this role. Both papers found a significant negative 
impact of raw water quality on residential water demand, suggesting that house-
holds react to the quality of water in their environment.

The perceived quality and the perception of health risk associated with residen-
tial water use have both been shown to be important factors.4 As with some others, 
Ford and Ziegler (1981) found a negative relationship between quality perceived by 
households and residential water demand. Garn (1998) showed that water quality 
perceptions have an influence on residential water demand. However, as discussed 
by Nauges and Whittington (2010), including perception of quality in a water 
demand equation can create some endogeneity and collinearity issues.

A substantial number of papers have focused on how bad tap water quality causes 
people to substitute bottled water for tap water. Households have been shown to 
undertake preventative actions to protect themselves against the risk of drinking 
contaminated water (Alberini et al. 1996; Abrahams et al. 2000; Bontemps and 
Nauges 2009; Zivin et al. 2011; Johnstone and Serret 2012).5 In France, Bontemps 

4 For instance, according to the Sofres/CIEAU survey in 2009, 62 % of the French population 
believe that low environmental water quality will result in low tap water quality.
5 Households can also boil water, at some cost in terms of energy and time (Shaw 2005). As Jalan 
et al. (2009) pointed out, households can adopt different measures to avoid bad water quality 
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and Nauges (2009) found that raw water quality had a significant impact on the 
choice between bottled and tap water: for households living in a municipality where 
raw water quality was low, the probability of drinking tap water decreased by 9 %. 
Similarly, based on a sample of 10,000 households from ten OECD countries, 
Johnstone and Serret (2012) reported that negative perceptions of tap water quality 
affected the decision to purchase bottled water. In the United States, Zivin et al. 
(2011) identified a significant increase in bottled water sales (by 17–22 %) as a 
result of several tap water quality violations. They estimated that US consumers 
were willing to pay nearly US$60 million to avoid such violations.

Finally, a household’s willingness to pay for water quality improvements has 
also been investigated.6 Using the contingent valuation method, Yongsung et al. 
(2005) have estimated a Minnesota household’s willingness to pay in order to 
improve their drinking water quality. They showed that, on average, individuals 
were willing to pay US$5.25 per month to reduce the level of iron and US$4.33 per 
month to reduce the level of sulfate in their water. Using the method of virtual 
prices, Roibás et al. (2007) found that households located in the city of Seville, 
Spain, were willing to support an increase of around 40 % in the price of water to 
improve the quality and reliability of their water supply during drought periods. 
Again using contingent valuation, Genius et al. (2008) have estimated an average 
willingness to pay of €10.64 per household per year (around 17 % of the average 
residential water bill) to avoid water supply shortages and low drinking water qual-
ity in the municipality of Rethymno, Greece, during peak water demand periods. 
Also in Greece, Polyzou et al. (2011) found that households were willing to pay €5 
per month for an improvement in drinking water quality.

3  French Case Study

3.1  Regulation of Tap Water Quality in France

In France, tap water quality standards are defined in the ‘Code de la Santé Publique’. 
Water at the tap must comply with regulatory quality requirements set by a ministe-
rial decree covering about sixty parameters. Water treatment aims to eliminate any 
pathogenic microorganisms and undesirable substances such as chemical pollutants 
and excessive mineral salts; it is also designed to maintain the microbiological and 

impacts, ranging from inexpensive or low-grade technologies (straining with a cloth, using chlo-
rine, and safe storage vessels) to relatively sophisticated and expensive technologies (e.g., electri-
cally powered filters that use ultraviolet to remove pathogens). In developing countries, there is a 
broad variety of studies of such defensive techniques (among others, Aini et al. 2007; Bukenya 
2008; Jalan et al. 2009).
6 Um et al. (2002), Yongsung et al. (2005), Whitehead (2006), Genius et al. (2008), and Polyzou 
et al. (2011) are some examples of recent studies on this topic.
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physicochemical quality standards of the water in the distribution system up to the 
consumer’s tap.

Water quality is monitored by companies producing and distributing water and 
by ongoing health inspections from regional health agencies. According to the 
Code de la Santé Publique, mayors are required to post the results of all quality 
analyses in the city hall within two working days. Also, water service providers 
must, at least once a year, send their customers a report on water quality in the 
area covered by the service. In addition to key indicators such as microbiological 
water quality and concentration of nitrates and pesticides, this report must include 
sanitary recommendations.

Non-compliance with quality norms must be disclosed to consumers. At the 
European level, Directive 98/83/EC states that it is necessary to provide consumers 
with adequate information on the quality of the water supply; it also determines a 
set of actions to be taken by member states in case of non-compliance with quality 
standards. At the national level, the Code de la Santé Publique requires disclosure 
of information to users. In case of quality problems involving risk to human health, 
information disclosure must be immediate. Information must also be passed to con-
sumers if a water service is allowed by the local authorities (Préfet) to distribute, 
under a derogation regime, water violating quality limits.

3.2  Area of Interest

Our area of interest is the Adour–Garonne river basin. The Adour–Garonne river 
basin occupies one-fifth of French territory (115,000 km2) and around 11 % of the 
French population (seven million inhabitants in 2005). Population density in Adour–
Garonne is relatively low (60 inhabitants per km2 compared to approximately 100 
for France as a whole). The Adour–Garonne river basin includes both rural and 
urban areas. Some 35 % of the population is concentrated in two French ‘départe-
ments’ (Gironde and Haute-Garonne) corresponding to the two main urban areas in 
the Adour–Garonne river basin (Bordeaux and Toulouse).7

3.3  Data Sources

In this section we describe the main sources of data. We restrict our analysis to 
municipalities located under the jurisdiction of the Adour–Garonne Agency. Our 
sample includes 711 municipalities observed in 2004. A description of our variables 
is provided in the Appendix.

7 France is divided into 101 administrative units called ‘départements’.
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3.3.1  Water Consumption and Water Utility Characteristics

Data on water price and tap water consumption come from the survey undertaken at 
the municipality level in 2004 by the French water agencies along with IFEN (the 
French Institute for the Environment) and SCEES (the Statistical Unit of the French 
Ministry of Agriculture).8 From this survey, we compute the average household 
water consumption in each municipality by dividing the total residential water use 
by the number of residential connections. For the water price, we consider the aver-
age residential water price corresponding to a consumption equal to 120 m3 per 
year. This database also provides some technical information on water services in 
each municipality (network length, type of water treatment implemented, customer 
density, etc.).

3.3.2  Data on Water Quality at the Tap

All information about quality of water at the tap comes from the SISE–Eaux data-
base (Environmental Health Information System – Water). This database is man-
aged by the French Ministry of Health, and it is the main source of data used by the 
French Institute for Public Health Surveillance (InVS) and the French Food Safety 
Agency (AFSSA) for assessment of drinking water quality. This database contains 
more than 70 million observations from the testing of all parameters used to monitor 
water quality. In the SISE–Eaux database, the unit of observation is called ‘Unit of 
distribution’ (UDI). A UDI is a geographical area where the water network is oper-
ated by a single firm or administrative unit and where water quality can be consid-
ered homogeneous. The size of a UDI is highly variable and may correspond to a 
suburb, a village, a town, or even a group of towns. In 2005, there were 4,415 UDIs 
in the Adour–Garonne river basin. For each UDI, the SISE–Eaux database indicates 
the municipality where the main measurement point is located, which allowed us to 
merge databases using the municipality identifier.

We first consider the bacteriological quality of water at the tap. Bacteriological 
quality is measured through three parameters: concentration of coliforms 
(n/100 mL), concentration of enterococcus bacteria (n/100 mL), and concentration 
of Escheria coli or E. coli (n/100 mL).9 Over the period 2003–2009, an improve-
ment of the bacteriological quality has been observed in the Adour–Garonne river 
basin. The average concentration of coliforms, enterococcus bacteria, or E. coli has 
been reduced from 3.16 n/100 mL in 2003 to 0.99 n/100 mL in 2009. The  percentage 

8 About 5,000 French local communities have been surveyed about the technical, financial, and 
organisational characteristics of their water and sanitation services. All municipalities with a popu-
lation greater than 10,000 inhabitants have been surveyed, while the smaller municipalities have 
been randomly selected.
9 General coliforms indicate that the water has come in contact with plant or animal life. Fecal 
coliforms, particularly E. coli, indicate that there are mammal or bird feces in the water. 
Enterococcus bacteria also indicate that there are feces from warm-blooded animals in the water. 
Enterococcus is a type of fecal streptococci.
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of UDI with a frequency of bacteriological contamination lower than 0.05 has 
increased from 73.6 % in 2003 to 78 % in 2009. Over the same period, the number 
of UDIs with chronic bacteriological contamination has decreased from 13 % 
to 5 %.

Next, we consider the contamination of tap water by nitrates. The presence of 
nitrates (or nitrites) in infants under 6 months old creates a condition known as 
methaemoglobinaemia or ‘blue baby syndrome’, a potentially fatal illness in which 
blood lacks the ability to carry sufficient oxygen to individual body cells. This 
extremely unusual illness only occurs at very high nitrate concentrations. In the 
long term and in case of a lifetime exposure at high levels, nitrates and nitrites have 
the potential to cause diuresis, increased starchy deposits, and haemorrhaging of the 
spleen. The current regulatory standard of 50 mg/L nitrate is derived from the 
European Union’s drinking water directive 98/83/EC on the quality of water 
intended for human consumption. That standard is intended to ensure that drinking 
water will not cause methaemoglobinaemia. In the Adour–Garonne river basin, the 
average concentration of nitrates has been slightly reduced from 17.1 mg/L in 2003 
to 16.3 mg/L in 2009 and it remains below the EU standard of 50 mg/L. The per-
centage of UDIs for which the average concentration of nitrates exceeds the EU 
standard has decreased from 1.5 % in 2003 to 1 % in 2009.

3.3.3  Data on Groundwater Quality

Concerning information related to groundwater quality, we have used the ADES 
database which is the French national groundwater database developed by the 
Ministry of Ecology and Sustainable Development, the Ministry of Employment, 
Solidarity and Health, and the water agencies. A number of parameters (nitrates, 
nitrites, pesticides, etc.) are collected through a network of measurement points. We 
have selected all groundwater quality measures realised in the Adour–Garonne river 
basin from 2000 to 2004 (594,587 measures realised from 4,353 different points). 
The ADES database indicates in which municipality each measurement point is 
located. This information has been used to build two variables measuring ground-
water quality at the municipality level. Variable BadGwPesticides is a dummy vari-
able equal to 1 if the average concentration in pesticides has exceeded the limit 
defined by the Code de la Santé Publique over the period 2000–2004, and zero 
otherwise. Variable BadGwNitrates is a dummy variable equal to 1 if the average 
concentration in nitrates has exceeded the limit defined in the Code de la Santé 
Publique (50 mg/L), and zero otherwise.

3.3.4  Data on Surface Water Quality

For supplying water in the Adour–Garonne basin, a lot of municipalities rely on 
surface water. Information on the quality of surface water comes from the ‘système 
d’information sur l’eau’ (SIE) of the Adour–Garonne Water Agency. This database 
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contains all quality measurements made by monitoring stations in the basin since 
1971. We have selected all surface quality measures reported in the Adour–Garonne 
river basin and computed an average value over the period 2000–2004. The SIE 
indicates in which municipality each measurement point is located and measures of 
surface water quality have been built for each municipality.

3.3.5  Other Data

Water data have been complemented by data coming from various sources. First, we 
have used data from the French National Statistical Institute (INSEE), including 
data on household taxable income and data on demographic characteristics of the 
population in each municipality (housing characteristics and household characteris-
tics). Since residential water consumption has been shown to be highly dependent 
on climate conditions, we consider some climatic variables defined at the municipal 
level (monthly and annual mean temperatures, maximum temperature, monthly and 
annual mean rainfall, etc.). Those variables have been provided by Météo-France 
(the French meteorological institute).

3.4  Model and Estimation Strategy

The proposed empirical specification is based on three ideas: first, that both raw and 
tap water quality may have an impact on tap water consumption; second, that the 
price of water at the tap depends on both the quality of raw water and the quality of 
water at the tap; and, third, that the quality of water at the tap is chosen by each 
municipality (taking into account the constraints set by the current regulations).

As discussed in the previous section, tap water consumption is influenced by tap 
water quality (hardness, colour, taste, concentration of pollutants). However, house-
holds may not have perfect information about the quality of tap water. This will 
clearly be the case if information on tap water quality is not available or too costly 
to acquire. In such a case, their tap water consumption may be influenced by their 
perception of tap water quality (Ford and Ziegler 1981; Garn 1998). Here, we 
assume that the perception of tap water quality is related to the quality of raw water. 
The idea is that if a household lives in a municipality where the quality of water in 
rivers and aquifers is publically known to be very good, it is likely that his/her priors 
for the quality of tap water will be very high. On the contrary, a household living in 
a place where surface water and groundwater have been polluted for a long time by 
nitrates, pesticides, or bacteriological elements may be much more suspicious of the 
quality of water at the tap, even if the quality measures of water at the tap reported 
by public authorities are good. In this kind of setting the quality of raw water (sur-
face water and groundwater) may be interpreted by households as an indicator of 
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tap water quality.10 As a result, both the quality of tap water and raw water might be 
a determinant of tap water consumption.

In the second equation of our model, we assume that water price is determined 
by characteristics of the water service (size, characteristics of water consumers, 
seasonal variability of water consumption, etc.). We also take into account that the 
tap water price depends both on the quality of raw water and on the quality of tap 
water. Depending on the quality of raw water sources, different chemical treatments 
might be required to obtain a given level of quality of water at the tap. Thus, it is 
expected that the gap between water quality at the tap and quality of raw water may 
have an impact on water prices.

Finally, we take into account that water supply managers may decide on a par-
ticular level of water quality at the tap (within the range of levels allowed by current 
quality regulations). Water managers might take into account household preferences 
for high quality at the tap when they decide upon some investments that will have 
an impact on the quality of tap water. For instance, one may expect that a municipal-
ity where households are wealthier might be inclined to provide a high tap water 
quality since the willingness to pay for this high quality might be high.

In sum, our model includes three equations: one for tap water consumption, one 
for tap water price, and one for tap water quality. We estimate the following system 
of simultaneous equations:
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where x denotes residential water consumption per household, p is the tap water 
price paid by residential users, poltap, polraw represent two vectors of variables related 
respectively to the quality of water at the tap and the quality of raw water, and I is 
the average household income. In the system of Eq. 16.1, z1, z2, and z3 are vectors 
which include some other variables (such as climatic factors or socio- demographic 
characteristics of households11) assumed to have an impact on the endogenous vari-
ables. To control for the endogeneity of tap water consumption, tap water price, and 
quality of water at the tap, we estimate the system of simultaneous equations using 
three-stage least squares (3SLS). Compared to 2SLS with instrumental variables, it 
allows calculation of efficiency gains (or cross-equation tests) with a consistent 
estimator of equations in case of endogenous regressors.

10 Pollution of water is highly discussed in French newspapers. The title of an article published on 
20 March 2012 in Le Monde (a major national French newspaper) was “Agriculture is responsible 
for water pollution in France in two cases out of three”. One may expect that a French household 
reacts to this type of information, even if the objective tap water quality is not directly affected by 
pollution.
11 See, among others, Arbués et al. (2003), Worthington and Hoffman (2008), and Schleich and 
Hillenbrand (2009) for surveys of the main determinants of residential water demand.
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3.5  Descriptive Statistics

In Table 16.1 we report some descriptive statistics for the main variables of interest. 
A more formal definition of these variables is provided in Table 16.5 (Appendix).

The average water consumption per household in the Adour–Garonne river basin 
was 131.77 m3 per year in 2004, a figure not too far from the French average for the 

Table 16.1 Descriptive statistics for selected variables

Variable Mean Std dev Min Max

Water consumption and price
WatCons – water consumption (m3/hh/
year)

131.77 44.90 20.00 296.88

Price – average water price (euros/m3) 2.52 0.96 0.24 5.58
IBR – dummy for increasing block rate 0.09 0.29 0.00 1.00
Household characteristics
Income – average income (euros/hh/year) 14527.14 3357.03 7929.30 43310.78
Density – population density (inhabitants/
km2)

238.73 544.62 1.45 5019.61

Principal – share of main residences 0.79 0.16 0.17 0.99
House – share of households living in a 
house

0.86 0.16 0.16 1.00

TouristicCapacity – number of hotel and 
camping rooms per inhabitant

0.05 0.17 0.00 2.16

Quality of water at the tap, in groundwater, and in surface water
TapBactPol – level of bacteriological 
contamination at the tap

0.09 0.14 0.00 0.67

BadSurfOrganic – dummy if surface water 
contamination by organic matter

0.16 0.36 0.00 1.00

BadSurfNitrates – dummy if surface water 
contamination by nitrates

0.15 0.36 0.00 1.00

BadGwPesticides – dummy if groundwater 
contamination by pesticides

0.64 0.48 0.00 1.00

BadGwNitrates – dummy if groundwater 
contamination by nitrates

0.22 0.42 0.00 1.00

Main characteristics of water services
Customers – number of domestic 
connections to the water service

1819.47 3998.30 20.00 74787.00

Groundwater – dummy if groundwater 
used

0.62 0.49 0.00 1.00

NetworkDensity – number of connections 
per km of network

22.78 20.81 1.00 222.71

ProtectAll – dummy if all water 
withdrawal points are protected

0.21 0.41 0.00 1.00

TreatNo – dummy if no treatment is 
applied to raw water

0.003 0.05 0.00 1.00

Climate data
Temperature – average maximum 
temperature (in degrees Celsius)

25.26 1.47 18.07 27.82
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same year (136 m3) according to Garcia-Valiñas et al. (2010). The average water 
price was 2.52 euros per m3 compared to 2.99 euros per m3 on average in France. 
Around 9 % of municipalities have set increasing block rates.

Regarding quality variables, the fraction of municipalities with surface contami-
nation by organic materials and nitrates is around 15 %. Groundwater quality prob-
lems are more frequent, since 64 % and 22 % of municipalities report cases of 
pesticide and nitrate pollution, respectively, probably a consequence of farming 
activities. Concerning tap water quality, the average proportion of analyses which 
do not comply with bacteriological regulation is 9 %.

Table 16.2 provides some preliminary evidence of a link between water contami-
nation (at the tap and in the environment) and residential water consumption. In this 
table, we relate the average residential water consumption per household to whether 
the tap water has been contaminated by bacteriological pollution. We also assess the 
relationship between the quality of the raw water (surface and ground water) and 
water consumption. Average water consumption per household is 137.44 m3 per 
year when there is no bacteriological pollution whereas it is only 123.84 m3 per year 
when bacteriological pollution regularly occurs (we reject the null hypothesis of no 
statistical difference at the 5 % level of significance). The lower consumption might 
be related to restrictions of water use implemented by public authorities, or to modi-
fications of households’ consumption habits. A significant impact related to the 
poor quality of surface water is apparent. When surface water has been contami-
nated by organic matter or by nitrates, the residential water consumption per house-
hold is lower (t-tests reveal significantly different mean consumptions). This might 
be interpreted as an averting behaviour by households, in which case households are 
substituting tap water with bottled water for certain uses. However, we find as well 
that, in the case of groundwater, contamination also significantly impacts residential 
water consumption, but in this case, surprisingly, residential water consumption 
appears to be higher when groundwater is affected by pollution. Since the charac-
teristics of households in areas with and without groundwater contaminations might 
be different, one should however be careful with interpreting this last result as a 

Table 16.2 Residential water consumption and type of water contamination

Average residential water 
consumption

p-value for 
two-sample t-test

Contamination Null hypothesis 
of no statistical 
differenceType of contamination Yes No

Bacteriological contamination at the tap 123.84 137.44 0.075
Surface water contamination by organic 
matter

126.82 136.24 0.097

Surface water contamination by nitrates 119.67 137.44 0.000
Groundwater contamination by pesticides 146.76 125.37 0.000
Groundwater contamination by nitrates 157.96 128.95 0.000

Note: The last column reports the p-value of a mean test between the average residential water 
consumption (in m3/year/hh)
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causality relationship.12 A more detailed analysis of the impact of surface and 
groundwater pollution on tap water use will be provided in the next section.

Using tap water contamination in a residential water demand function is subject 
to caution since a number of tap quality measures may be endogenous. Hence, one 
may expect tap water quality to be more frequently tested in municipalities where 
pollution has been detected. To address this issue, we have done some mean com-
parison tests of the number of measures done by an UDI, looking to see whether the 
UDI is in a state of chronic bacteriological contamination (Table 16.3).

It should be mentioned that the number of measures to be conducted at the tap by 
each UDI is defined in France by an administrative document called ‘Arrêté du 11 
janvier 2007’. This document determines both the frequency of measures and the 
type of analyses. The frequency is defined by the size of the UDI. For instance, the 
smallest UDI (serving between 0 and 49 inhabitants) must perform at least one 
measure in the distribution network and between two and four at the tap. At the 
other extreme, the largest UDI (serving more than 625,000 inhabitants) must per-
form 144 measures in the distribution network and around 800 at the tap. So the 
frequency of measures is strongly driven by the size of the UDI. This is why we 
report, in Table 16.3, the results of the t-tests by size of UDI. With the exception of 
UDIs serving between 2,000 and 4,999 inhabitants, we do not reject the null hypoth-
esis of no statistical difference in the number of measures by UDI. This means we 
do not have a problem of endogeneity of the number of tap sample tests.

3.6  Empirical Results

Table 16.4 shows the main results of the 3SLS model estimates. Various specifica-
tions of the system of simultaneous Eq. 16.1 have been considered. In what follows, 
we report only the estimates with the best quality of fit.

12 Another explanation could be a price effect. Hence, it is well known that the tap water price tends 
to be lower in municipalities supplied by groundwater (compared to surface water).

Table 16.3 Number of quality measures and bacteriological contamination status

Average annual number of quality 
measures p-value for two-sample t-test

Bacteriological contamination Null hypothesis of no statistical 
differenceUDI size No Yes

0–49 inhabitants 2.47 2.34 0.16
50–499 inhabitants 2.78 2.81 0.75
500–1,999 inhabitants 2.61 4.46 0.02
2,000–4,999 
inhabitants

4.90 4.76 0.90

>5,000 inhabitants 7.21 5.00 0.45

Note: The last column reports the p-value of a mean test between average number of measures per UDI
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Table 16.4 Model estimates by 3SLS

Coef Std error z p > |z|

Tap water demand equation (endogenous variable is logarithm of WatCons)
Price (in logs) −0.325*** 0.072 −4.526 0.00
IBR −0.083** 0.034 −2.481 0.01
TapBactPol −0.708*** 0.212 −3.344 0.00
BadSurfOrganic −0.012 0.031 −0.386 0.70
BadSurfNitrates −0.033 0.037 −0.883 0.38
BadGwPesticides −0.072*** 0.027 −2.648 0.01
BadGwNitrates −0.009 0.031 −0.285 0.78
Groundwater 0.022 0.023 0.952 0.34
Income (in logs) 0.030 0.07 0.434 0.66
Density (in logs) −0.024 0.015 −1.598 0.11
Pop0014s (in logs) −0.050 0.053 −0.930 0.35
Pop0003s (in logs) 0.003 0.027 0.110 0.91
Single (in logs) −0.136** 0.055 −2.464 0.01
TouristicCapacity (in logs) 0.038*** 0.009 4.293 0.00
Principal (in logs) 0.558*** 0.070 7.990 0.00
House (in logs) −0.469*** 0.067 −7.016 0.00
OldHouse (in logs) −0.044* 0.023 −1.903 0.06
RecentHouse (in logs) 0.005 0.023 0.202 0.84
Temperature (in logs) 0.601*** 0.229 2.628 0.01
Constant 3.033*** 0.980 3.097 0.00
Tap water price equation (endogenous variable is logarithm of price)
WatCons (in logs) −0.647*** 0.118 −5.496 0.00
Income (in logs) 0.050 0.083 0.607 0.54
Customers (in logs) 0.157*** 0.016 10.065 0.00
NetworkDensity (in logs) −0.059*** 0.020 −2.915 0.00
TouristicCapacity (in logs) 0.057*** 0.010 5.679 0.00
Principal (in logs) 0.435*** 0.093 4.675 0.00
ProtectAll 0.022 0.030 0.727 0.47
Groundwater −0.014 0.053 −0.263 0.79
TapBactPol −2.192*** 0.502 −4.363 0.00
BadSurfOrganic 0.019 0.042 0.454 0.65
BadSurfNitrates 0.023 0.052 0.436 0.66
BadGwPesticides*Groundwater −0.072* 0.044 −1.648 0.10
BadGwNitrates*Groundwater −0.036 0.057 −0.631 0.53
TreatBasic 0.070 0.081 0.858 0.39
TreatStandard −0.019 0.087 −0.223 0.82
TreatAdvanced −0.008 0.092 −0.091 0.93
TreatMixed 0.001 0.074 0.008 0.99
Constant 3.257*** 0.996 3.270 0.00

(continued)
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The global adjustment of the model to the data is correct. The pseudo R2 obtained 
with the 3SLS estimates for the tap water demand equation, the tap water price 
equation, and the bacteriological pollution at the tap equation are 0.28, 0.43, and 
0.12, respectively.

3.6.1  Tap Water Demand Equation

Price-elasticity of residential water demand is estimated at −0.32 for our sample, 
which is in the range of what has been estimated earlier using data from France 
(Nauges and Thomas 2000; Nauges and Reynaud 2001). This estimate also broadly 
agrees with several previous studies of urban water demand. Residential water use 
is usually found to be a normal good, and the bulk of water demand studies world-
wide also find estimates of price-elasticities below 1 in absolute value (Arbués et al. 
2003; Worthington and Hoffman 2008).

Additionally, we find that water consumption is significantly lower (−0.92 m3 per 
year per household) in municipalities which have implemented increasing block 
rates (IBRs). This result is in line with previous studies having reported lower resi-
dential water consumption in the case of IBR (Reynaud et al. 2005).

Regarding quality issues, we find that a higher level of bacteriological pollution 
at the tap (TapBactPol) significantly decreases tap water consumption. It is not 
 possible, however, to identify whether this impact of bacteriological contamination 
results from restrictions in water use implemented by public authorities or from 
long-term modification of water consumption habits. When bacteriological pollu-
tion increases by 10 % (which means in our case that the frequency of water analy-

Table 16.4 (continued)

Coef Std error z p > |z|

Bacteriological pollution at the tap equation (endogenous variable is TapBactPol)

WatCons (in logs) −0.050 0.032 −1.537 0.12
Income (in logs) −0.002 0.023 −0.071 0.94
Temperature (in logs) −0.301*** 0.094 −3.202 0.00
TreatBasic −0.121*** 0.017 −7.132 0.00
TreatStandard −0.123*** 0.018 −6.735 0.00
TreatAdvanced −0.128*** 0.019 −6.721 0.00
TreatMixed −0.045* 0.024 −1.867 0.06
ProtectAll 0.005 0.011 0.470 0.64
Groundwater −0.018 0.018 −1.010 0.31
BadSurfOrganic −0.003 0.014 −0.186 0.85
BadSurfNitrates 0.045*** 0.015 2.980 0.00
BadGwPesticides*Groundwater 0.016 0.015 1.091 0.28
BadGwNitrates*Groundwater −0.015 0.020 −0.760 0.45
Constant 1.425*** 0.321 4.435 0.00

***, **, * for significance at 1 %, 5 %, and 10 % level, respectively
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ses revealing a bacteriological contamination at the tap increases by 10 %), 
consumption will decrease on average by 0.6 m3 per year per household. This 
amount represents a little less than 0.5 % of annual tap water consumption. Such a 
modification of household behaviour is a priori plausible since in France drinking 
water represents approximately 1 % of total water consumption. Our results indicate 
that residential water use is affected by objective tap water quality. Omitting some 
variables characterising tap water quality into the water demand function might lead 
to a biased estimate of the demand function.13 However, the relationship between 
tap water quality and tap water consumption appears less strong than what has been 
reported previously. For example, García-Valiñas (2006) and Roibás et al. (2007) 
estimated that a severe reduction in tap water quality leads to a reduction in residen-
tial water consumption of 6–12 %.

In addition, we have introduced some variables describing the quality of raw 
water (surface water and groundwater) in order to determine if residential water 
demand is affected by a household’s perception of raw water quality. We found only 
a reaction of tap water consumption to groundwater quality. More precisely, the 
variable BadGwPesticides is significant at 1 % with a negative sign. Pesticide 
 contamination of groundwater reduces tap water consumption by 0.93 m3 per year. 
If we suppose substitution with bottled water, this represents a substantial additional 
cost. It should be mentioned that the quality of surface water (in terms of organic 
matter and nitrates) was found not to be a significant determinant of tap water con-
sumption, although the signs of the estimated coefficients for surface water con-
tamination by organic matter or by nitrates are negative, as expected according to 
the empirical results presented in Table 16.2.

We have also identified other determinants of tap water consumption. For exam-
ple, the tourism capacity in the municipality (TouristicCapacity) has a positive sig-
nificant impact on water consumption. This result is in line with previous studies 
(Martínez-Espiñeira 2002; Essex et al. 2004; Garcia-Valiñas et al. 2010). One pos-
sible explanation could be that, due to specific types of water use (swimming pools, 
air conditioning, etc.) seasonal residents use more water on average than those 
residing there year round (Gössling 2006). Additionally, the share of permanent 
housing (Principal) has a positive significant impact on average residential water 
consumption.

Households who are living in a house (instead of an apartment) have signifi-
cantly lower tap water consumption. We find that if the proportion of households 
living in a house increases by 10 %, one may expect an average reduction of 6 % in 
tap water consumption. Access to private wells for households living in a house may 
explain this unexpected result. In this context, Montginoul and Rinaudo (2011) 
found that water price increases have led French households to drill their own gar-
den bores.

13 We have estimated the same model without including the tap bacteriological contamination vari-
able in the two first equations, and we find some significant changes in the coefficient estimates. 
For example, variable BadSurfNitrates becomes significant in the first equation, with a negative 
sign.
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Lastly, residential water demand is related to climate. When the average monthly 
maximum temperature increases by 10 %, tap water consumption increases by 6 %. 
Such an impact of climate is in line with the previous literature (Nauges and 
Reynaud 2001; Martínez-Espiñeira 2002; Garcia-Valiñas et al. 2010).

3.6.2 Tap Water Price Equation

First, the tap water price used by a municipality is related to the average water con-
sumption. The higher the average tap water consumption, the lower the average tap 
water price. This reflects the fact that most of the costs of a water utility are fixed. 
Hence, the constraint of balancing the budget leads municipalities to set higher 
water prices if the tap water consumption per household is lower (the level of fixed 
charges is constrained by French law).

Second, the water price is driven by some technological characteristics of the 
water utility. We find that the customer density (NetworkDensity) is significant, with 
a negative sign, which indicates the presence of economies of customer density. 
When the customer density increases by 10 %, the average water price reduces by 
0.6 %. High customer density can be associated with low average variable costs 
(energy costs in the distribution network), but also low average fixed costs (network 
length). This may explain the negative impact of customer density on average water 
price, although a high customer density has been shown to generate extra costs such 
as congestion costs.14

The tourism capacity of a municipality is associated with a higher average water 
price. That capacity is a key driver of the peak water demand, which is a strong 
determinant of the water utility cost function. These results are in line with those 
obtained by García-Valiñas et al. (2010), who found a positive impact of tourism on 
the ratio of total water bill to municipal average income (where the water bill cor-
responds to what an average individual household would be expected to pay for the 
‘lifeline’). That fact strengthens the hypothesis that water services are less afford-
able in tourism-based municipalities.

Additionally, as expected, both quality of tap water and raw water are shown to 
have a significant impact on the average tap water price. First, we find that a high 
level of bacteriological pollution is associated with a low average unit price. This 
reflects the fact that water utilities wishing to achieve a higher tap water quality 
must spend more financial resources, in particular in the treatment of raw water. It 
then seems that there is a trade-off between high tap water quality, which requires 
high production costs, and low tap water quality allowing low water prices. The 
optimal quality of tap water (within the range of quality regulation defined by public 
authorities) must then be determined by each municipality based on a cost–benefit 
analysis. Second, we find that a bad quality of groundwater (in terms of pesticide 

14 Garcia-Valiñas et al. (2009), based on a sample of medium to large Spanish municipalities, found 
a positive impact of population density on residential water bills.
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concentration) has a negative impact on the average price, which is significant at 
10 %.

3.6.3 Tap Water Quality Equation

Finally, the estimates of the equation for bacteriological pollution at the tap reveal 
some interesting findings. As might be expected, when water treatment is imple-
mented by a municipality (basic, normal, mixed, or advanced), bacteriological pol-
lution is significantly reduced.15 We also find a positive and significant impact of 
nitrate contamination of surface water on bacteriological pollution at the tap. This is 
related to the fact that a majority of municipalities rely on surface water.

Additionally, we observe that temperature has a negative impact on tap water 
quality. So in municipalities where temperatures are higher, it is more difficult to 
provide high quality tap water, because the likelihood of drought and water scarcity 
problems is higher. Roibás et al. (2007) showed that during a severe drought in 
Seville, Spain, public authorities had to provide tap water that did not comply with 
minimum quality standards.

4  Conclusions

Preserving water quality is considered to be the primary objective of environmental 
policies around the world. There are some regions where quality problems are espe-
cially significant, due to pollution from economic activity. Pesticides, chemicals, 
and other pollutants have often contaminated surface and underground water bod-
ies, leading to severe environmental and human health problems.

In this chapter, we have analysed the impact of water quality reductions on tap 
water demand. As we have said, there are not many papers that have analysed this 
specific issue in developed countries. We have contributed to this literature through 
a French case study involving a sample of municipalities located in the Southwest 
of the country (Adour–Garonne basin) to test the impact of water quality on residen-
tial water consumption. We have estimated a sophisticated model which allows us 
to identify interactions between water quality, quantity, and prices. Our findings 
suggest that quality of water at the tap (in particular, bacteriological quality) is a 
strong predictor of residential water use. We also show that French households 
adjust their tap water consumption to the quality of the raw water. They appear to be 

15 One may be concerned by a potential collinearity problem between the type of treatment and raw 
water quality. Hence, one may suspect the water quality variables (raw water quality and quality at 
the tap) to be collinear with the variables describing the type of water treatment. Although we 
expect more sophisticated treatments to be used when raw water is of lower quality, our data do not 
show such a pattern. No significant relationship was found between raw water quality and type of 
treatment. In fact, the type of treatment is highly driven by administrative constraints which depend 
on UDI size.
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especially reactive to pesticide contamination of groundwater. These results call for 
joint monitoring and management of the water quality at the tap and in the environ-
ment (the rivers and groundwater).

Table 16.5 Definition and description of variables

Variable name Description Source

WatCons Average annual water consumption in m3 per household 
(m3/year)

IFEN-SCEES

Price Average residential water price for a water consumption 
equal to 120 m3 per year (euros/m3)

IFEN-SCEES

IBR Dummy equal to 1 if there is an increasing block rate IFEN-SCEES
TapBactPol Bacteriological pollution measured as the frequency of 

water analyses revealing bacteriological contamination 
at the tap (proportion of analyses which do not comply 
with bacteriological norms)

SISE-Eaux

BadSurfOrganic Dummy equal to 1 if some contamination by organic 
matter has been reported in surface water

SIE-AEAG

BadSurfNitrates Dummy equal to 1 if the average nitrate concentration in 
surface water is greater than 50 mg/L

SIE-AEAG

BadGwPesticides Dummy equal to 1 if the average pesticide concentration 
in groundwater is greater than 0.01 mg/L

ADES

BadGwNitrates Dummy equal to 1 if the average nitrate concentration in 
groundwater is greater than 50 mg/L

ADES

Groundwater Dummy equal to 1 if the municipality uses groundwater IFEN-SCEES
Income Household taxable income (euros/year) INSEE
Density Population density (inhabitants/km2) INSEE
Pop0014s Proportion of the population 0–14 years old INSEE
Pop0003s Proportion of the population 0–3 years old INSEE
Single Share of single households INSEE
TouristicCapacity Tourism capacity measured as the number of hotel or 

camping rooms divided by the number of permanent 
inhabitants

INSEE

Principal Proportion of households living in their main residence INSEE
House Proportion of households living in a house INSEE
OldHouse Proportion of principal residences built before 1949 INSEE
RecentHouse Proportion of principal residences built after 1990 INSEE
Temperature Maximum temperature defined as the monthly average 

maximum temperature (degrees Celsius)
METEO- 
FRANCE

Customers Number of connections to the water service IFEN-SCEES
NetworkDensity Customer network density defined as the number of 

customers per kilometre of network
IFEN-SCEES

(continued)
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Chapter 17
A Simulation Model for Understanding 
the Consequences of Alternative Water 
and Wastewater Tariff Structures:  
A Case Study of Fayoum, Egypt

Céline Nauges, Dale Whittington, and Mohamed El-Alfy

1  Introduction

Households and firms in developing countries want piped water and wastewater 
services, but the high capital costs of this infrastructure often make it unaffordable. 
In many countries, donors and national governments step in to provide grants and 
concessional financing enables households to enjoy heavily subsidised piped water 
and wastewater for a period before the full cost has to be met.

With large subsidies, households and firms grow accustomed to low water bills 
and typically have little awareness of the real financial costs of piped services.  
At the same time, governments and donors may consider their grants and conces-
sional financing to be one-off transfers which are needed at the introduction of 
piped water services to help low-income households and firms connect and access 
modern services. Over time, however, water and sanitation companies can find it 
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difficult or impossible to sustain the continual drain on their budgets that these 
 subsidies require. As infrastructure depreciates and needs replacing, governments 
and donors commonly expect water users to pay more of the cost. At least some 
water  customers will, however, remain poor, and nearly all customers develop 
feelings of entitlement to subsidised services whether or not they can afford them, 
and perceive tariff increases as unjust impositions rather than cost-recovery mea-
sures ensuring system financial sustainability. Because people invariably feel losses 
much more than equivalent gains (Kahnemann and Tversky 1979; Knetsch 2010), 
reform of water and wastewater tariffs in developing countries in order to recover 
financial costs is often politically explosive.

Most households in both urban and rural areas of Egypt now enjoy heavily 
subsidised water and wastewater services, and the quality and coverage of these 
services is high given the country’s modest gross domestic product of about USD 
2,000 per capita. The average water and wastewater price in Egypt is much lower 
than the price charged in countries with similar socio-economic, cultural, and 
climate characteristics: for household consumption of up to 15 m3 per month, the 
average price is about 7 US cents (USD 0.068) per m3, while it is USD 0.49, 0.90, 
and 0.37 per m3 in Jordan, Morocco, and Tunisia, respectively.1

Even before the January 2011 revolution in Egypt, the Egyptian Water Regulatory 
Agency and the Egyptian Holding Company for Water and Wastewater (the institu-
tions jointly responsible for the strategic direction and financing in the water and 
wastewater sector) struggled to implement tariff reforms. These institutions sought 
to design new tariffs that would balance four main objectives: (1) financial cost 
recovery, (2) economic efficiency, (3) fairness and equity, including affordability, 
and (4) simplicity. The government recognised that reform was needed since the 
tariffs in Egypt neither aimed at nor met these objectives. In general, most of the 
water and wastewater companies do not raise sufficient revenues to cover their 
operation and maintenance costs, their tariffs are quite complex, and the tariffs are 
unfair to customers using small quantities of water.

In this chapter we present a simulation model that was designed to assist the 
Egyptian Water Regulatory Agency to better navigate the tariff reform process. This 
model allows an analyst to simulate the effects of alternative tariff structures and 
prices on customer water use, which in turn affects utility revenues and costs. 
Sensitivity analyses test the effects of price and income elasticity assumptions on 
the performance of alternative tariffs. We apply this simulation model to individual 
customer records for an actual utility in Egypt, the Fayoum Water and Wastewater 
Company.

In Sect. 2 of the chapter, we describe the Fayoum Water and Wastewater Company 
and its current tariff structure. Section 3 describes our modelling strategy and 
analytical framework, including the two tariff options we analysed. Section 4 
presents the results of our model simulations and our sensitivity analyses. In Sect. 5 
we summarise our main findings and conclusions.

1 The entire survey by Global Water International is available at http://www.globalwaterintel.com/
tariff-survey-2009/
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2  Description of the Fayoum Water and Wastewater 
Company

2.1  Number of Accounts, Revenues, and Costs

The Fayoum Water and Wastewater Company currently serves about 2.7 million 
people. The company has about 390,000 customers, all of whom have water service; 
about 124,000 customers (32 %) have connections to both piped water and sewer 
networks. The domestic customers with both water and sewer connections number 
about 116,000, and 8,000 non-domestic customers have both water and sewer con-
nections. The annual operation and maintenance (O&M) costs in fiscal year (FY) 
2009 were about 144 million Egyptian Pounds (LE) (or USD 27 m).2

The Fayoum water company’s total revenues from all sources in FY 2009 were 
about LE 94 million, which covered 65 % of total O&M costs. Billing and payment 
records in the water company’s database show about LE 54 m billed for core water 
and sewerage services and LE 46 m collected; of these amounts, LE 46 m was billed 
to domestic customers, and they paid LE 41 m. Billing records show that the 
government was billed for 13 million m3 (13 M m3), but did not pay directly for the 
services received. Instead, government bills are settled “outside the system”. In this 
inter-governmental settlement of accounts, the company was paid about LE 15 m. 
Finally, commercial and industrial users paid LE 5 m for water services. Core water 
revenue was thus about LE 61 M (= 41 + 5 + 15).

Reported water production was 178 M m3, and total sales from billing records 
were 140 M m3, resulting in unaccounted-for water of 21 %. Domestic customers 
account for 79 % of total water sales, government accounts for 17 %, and commer-
cial and industrial use accounts for 4 % of sales.

Table 17.1 summarises information for FY 2009 on the O&M costs, numbers of 
customers, and water sales to customers with water service and wastewater service 
for the Fayoum Water and Wastewater Company.

O&M costs amount to LE 83 m and LE 61 m for water supply and wastewater 
services, respectively (column a). There were 390,000 water connections and 
124,000 sewer connections in FY 2009 (column b). Total water sales to Fayoum’s 
customers with only water connections were 95 M m3, and water sales to customers 
with both water and wastewater service were 45 M m3 (column c).

2 The approximate exchange rate was LE 5.4 = USD 1.0 in mid-2010.

Table 17.1 O&M costs for fiscal year 2009

Total O&M cost, LE Number of customers Water sales, m3

a b c

Water service 83,000,000 390,000 95,000,000
Wastewater service 61,000,000 124,000 45,000,000
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Assuming an economy-of-scale factor of 0.6(3) (i.e., a 10 % increase in produc-
tion results in an approximate 6 % increase in cost), the data in Table 17.1 suggest 
the following relationship between the Fayoum Water and Wastewater Company’s 
water O&M costs and water sales4:

 
WaterO MCosts water sales tocustomerswithwater service& .= ×[ ]5 4

0..
.

6

 
(17.1)

And similarly for wastewater O&M costs, we have5

WastewaterO Mcost water sales tocustomerswithsewer servic& .= ×6 2 ee[ ]0 6. .  
(17.2)

Thus, average O&M costs per cubic meter of water sold to customers are not con-
stant. As water and wastewater tariffs increase during the reform process, in general 
customers will reduce consumption, and this will cause the utility’s O&M costs to 
change. Our simulation model is designed to capture these effects.

2.2  Current Tariff Scheme

The Fayoum Water and Wastewater Company’s tariff has a long and complicated 
list of customer categories. In addition to governmental institutions (including 
schools, mosques, and health centres), commercial businesses, and industries, there 
are some very specific categories such as youth clubs, private schools, gas stations, 
and coffee shops. The excessive number of customer categories makes the tariff 
structure complicated and difficult to understand, and there does not seem to be any 
rationale for the tariffs applied to these categories. Different customer classes cur-
rently face different prices in the current tariff, and even within the same customer 
class the prices are sometimes different. For example, restaurants and cafes are 
charged a minimum of about LE 10 each month whereas coffee shops are charged a 
minimum of LE 24.

3 In an unpublished report to the Egyptian Water Regulatory Agency we estimated a stochastic cost 
frontier using cost data from 19 Egyptian utilities. We considered separate cost functions for water 
and wastewater and included as inputs the price of labour and the price of electricity. We estimated 
the economy-of-scale factor to be 0.68 (95 % confidence interval 0.52–0.84) for water services and 
0.60 (95 % C.I. of 0.52–0.68) for wastewater services.
4 The general cost function is O&M Costs = K × [water sales]γ where γ = economy-of-scale factor. 
The cost is 83 (from column a in Table 17.1) and sales are 95 (from column c). Inserting these 
values into Eq. 17.1 and solving yields K = 5.4.
5 The amount of wastewater is approximated by the amount of water sold to customers with waste-
water services.
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Households’ water bills are calculated using a two-part tariff. A volumetric 
charge is based on four blocks with increasing prices, and a fixed “charge” is the 
sum of several charges that can differ from one customer to another. All customers 
are charged using what is termed in Egypt a “simple block” tariff, which means that 
a customer’s entire monthly consumption is charged at the price of the block in 
which the last cubic meter falls. This “simple block” tariff is best illustrated by 
example. In Fayoum, the first (“lifeline”) block is 0–10 m3, and the volumetric price 
is LE 0.23 per m3; the second block (10–20 m3) has a price of LE 0.45 per m3. The 
fixed monthly charge is about LE 3. Thus, a customer using 10 m3 per month will 
get a bill for LE 5.3 (=3 + 0.23 × 10). However, if the customer’s consumption 
increases to 11 m3 in the following month, their bill will be LE 7.95 (=3 + 0.45 × 11). 
A 10 % increase in consumption (from 10 to 11 m3) therefore results in a 50 % 
increase in the water bill. This disproportionate increase in the bill is unrelated to 
the water company’s costs. Eqs. 17.1 and 17.2 show that because of economies of 
scale, the increase in O&M costs for an increase in consumption of 10 % will be less 
than 10 %. It is unfair to have the household incur such a large increase in its water 
bill. Wastewater tariffs are commonly calculated as a percentage of the water tariff, 
which varies from about 35 % for residential users to 60–70 % for non-domestic 
users, which means that the unfairness affects wastewater as well as water.

Currently, households in Fayoum are charged for 10 m3 if their consumption 
falls between 0 and 10 m3 per month, which is called the “minimum charge”. 
There are two problems with this practice. First, households have no financial 
incentive to reduce their usage below 10 m3. Second, it is unfair to charge house-
holds for water they do not use. Unfortunately, the tariff is so lacking in transparency 
that many households trying to keep their water costs low by restricting their 
consumption to the lifeline block are probably not aware that there is no advantage 
in doing so.

According to billing records, domestic customers were billed an average price of 
0.65 LE per m3; and customers classified under small commercial activities were 
billed 1.2 LE per m3. According to billing records, domestic customers paid 89 % 
of their bills, and non-domestic customers paid 62 %. The overall collection rate 
was 85 %. If government payments “outside the system” are included, non- domestic 
customers paid 87 % of their bills.

Average water use per household in FY 2009 was about 12 m3 per month, and the 
median domestic bill was about 6 LE per month (≈ USD 1). Despite the low price 
charged for water, the water use of many households was low. Some 60 % of domes-
tic customers use less than 10 m3 per month, which is in the lifeline block of the 
tariff. Water sold to domestic customers in the lifeline block represented about one 
third of total sales to the domestic population and 42 % of the total billed amount. 
Nearly 20 % of domestic accounts fall in the second block with average water use 
of 15 m3 per month, so about 80 % of domestic users consume less than 20 m3 
per month.

Households with consumption in the lifeline block paid higher average prices 
than users in the higher blocks: those in the first block paid an average price of 
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0.90 LE per m3, but the average price paid by households whose consumption fell 
in the third and fourth blocks was 0.54 and 0.59 LE per m3, respectively. To the 
extent that poorer households use less water than richer households, the poor paid a 
higher average price. This occurred mainly because of the “minimum charge” 
regardless of the amount of water used.6 Households with high water use (in the 
upper blocks) have lower collection rates than those in the lifeline block, which 
compounds the problem.

In summary, the current tariff in Fayoum does not achieve the government’s 
objectives and thus needs to be revised. The tariff is overly complicated and lacks 
transparency. Customers do not understand their bills. The tariff is not generating 
sufficient revenue to cover financial costs, and none of the customer classes is 
paying the full financial cost of water. The existing tariff is not fair or equitable. 
Customers in the lifeline block of the tariff pay about LE 100 per year on average. 
However, customers in the highest block of the tariff pay just a little more, about 
LE 130 per year, and they use four times as much water.

3  Analytical Framework and Modelling Strategy

3.1  Model Objectives

The objective of our simulation exercise was to design a tariff that accomplishes 
several objectives, the first of which was financial. In this study we focus on 
recovery of O&M costs of the water company, i.e. we disregard the cost of 
replacement and rehabilitation of existing capital assets as well as the cost of 
future capital projects. The tariff should generate sufficient revenues to recover 
O&M costs by a specified future target date. In this chapter, a target date of 
3 years is used. In the simulation model, O&M costs are endogenous because 
they depend on water sales. Moreover, O&M costs reflect economies of scale, 
and they are different for water and wastewater services. The model calculates 
the O&M cost of water services separately from the O&M cost of wastewater 
services, using Eqs. 17.1 and 17.2.

The second objective is “economic efficiency”: as many customers as possible 
should face the marginal cost of water and wastewater supply, which we define for 
purposes of illustration as the sum of the opportunity cost of water withdrawn from 
other uses and the marginal cost of operation and maintenance. The third objective 
is “affordability”, which we define as ensuring that the poor do not have to pay a 
water bill that is too high a percentage of their income. The fourth objective is “sim-
plicity and transparency”, by which we mean that a customer should easily be able 
to understand how their household’s water bill is calculated.

6 This fact – that an increasing block tariff does not actually help poorer households – has been 
noted in other studies. See, for example, Komives et al. (2005), Boland and Whittington (2000), 
and Whittington (1992).
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3.2  Alternative Tariff Structures to be Examined

We analyse an increasing block tariff (IBT) because it is the type currently required 
by law and used in Egypt. To reduce the economic inefficiencies and inequities 
associated with the IBT, we reduce the number of blocks to two and retain a positive 
fixed charge (Whittington 1992; Boland and Whittington 2000; Griffin and Mjele 
2011). We study two IBT structures: in the first, the lifeline block is 0–10 m3/month, 
and in the second, the lifeline block is 0–5 m3/month. In each tariff, the decision 
variables are the price of the first block, the price of the second block, and the size 
of the positive fixed charge.

In these tariffs, we eliminate the “minimum charge” and “simple block,” using 
instead billing practices that are common in the global water industry. For example, 
if the first block is 0–10 m3 per month and the price is LE 0.23 per m3, then the 
volumetric charge for a customer that uses say 6 m3 should be LE 1.38 (=0.23 × 6). 
If the second block is 10–20 m3 with a price of LE 0.50 per m3, a different customer 
using say 16 m3 would pay a volumetric charge of LE 5.30, i.e. LE 2.30 for con-
sumption in the first block plus LE 3.00 (=0.50 × 6) for 6 m3 of consumption in the 
second block.

3.3  Solution Procedure: Setting the Volumetric  
Price and Fixed Charge

3.3.1  Water

The economic efficiency objective for the tariff requires that the volumetric price 
should be set at the Fayoum water company’s marginal cost (MC) of operation. For 
an IBT with two blocks, the price for the first block is the lifeline rate, which 
includes both financial and political considerations for decision making. In the 
second block, we aim at setting the price equal to the MC as best it can be 
determined.

The MC of operation should include not only the marginal cost of providing 
water services but also the opportunity cost of taking water away from other sectors 
in the Egyptian economy (e.g., agriculture). The latter has been estimated to be 
about 1.4 LE/m3 in the Egyptian Water Master Plan, and is assumed to be constant 
within the range of water sales under consideration (Ministry of Water Resources 
and Irrigation 2005). The marginal cost of operation is endogenous (it depends on 
water sales) and is roughly equal to the economy of scale factor (0.6) multiplied by 
the average water O&M cost derived from Eq. 17.1.7

7 The economy-of-scale factor in Eqs. 17.1 and 17.2 is the ratio of marginal to average cost. The 
average cost of water service can be estimated from Eq. 17.1 using an exponent of –0.4 instead of 
0.6 (i.e. by dividing Eq. 17.1 by sales).
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Two other parameters of the tariff structure need to be chosen: the positive fixed 
charge and the volumetric price of the first block. Raising the fixed charge and keep-
ing the volumetric price in block 1 low generates a higher, more stable revenue 
stream for the utility (since the amount generated by the fixed charge is known with 
certainty). However, a higher fixed charge is detrimental to low-consumption 
households (the higher the fixed charge, the higher will be the average price they 
pay). It is not known whether households with low water consumption are poorer 
than household with higher consumption; many factors besides income influence 
water use (e.g., family size, housing type, attitudes about water conservation). But 
to the extent that water use is positively correlated with income, fixed charges will 
tend to adversely affect low-income households. Also, if an objective is to send a 
signal on the economic value of water to customers, the volumetric price in block 1 
should be raised instead of the fixed charge. In the simulation model, for the IBT we 
set the volumetric price in block 1 at 50 % of the volumetric price in block 2 
(i.e., half of the MC) and search for the fixed charge that will fully recover O&M 
costs at the end of the transition period, year 3.

3.3.2  Wastewater

Fayoum’s cost data for FY 2009 show that the annual O&M cost per connection 
with water and wastewater service is slightly more than twice the annual O&M cost 
per connection for water service only. Thus, when households connect to the 
sewerage system, their water bill should approximately double, or increase by even 
more than 100 % in order to recover financial costs. In order for the tariff to send the 
correct economic signal about the cost of wastewater services, we propose a 100 % 
surcharge for households with sewerage on top of the water volumetric charge 
(before inclusion of the opportunity cost of raw water), including households in the 
lifeline block of the IBT (in 2009, the wastewater surcharge was only 35 %). For 
simplicity, we assume that the fixed charge will be the same for households with and 
without a sewer connection.8

3.3.3  Customer Classes

We simplify the tariff structure by having only one domestic (residential)  
customer category plus two categories for non-domestic customers: Group 1, 
non- governmental worship places, charities, youth clubs, and schools; and Group 
2, other non-domestic customers. The number of Fayoum customers in Group 1 

8 The estimation of the stochastic cost frontier on data from Egyptian utilities (see note 3 above) 
confirms that, for most utilities, the marginal cost of providing wastewater services is higher than 
the marginal cost of supplying water, so the wastewater surcharge should be at least 100 %. 
However, when working on tariff design with the Egyptian Water Regulatory Agency, we were 
asked to consider a maximum of 100 % for the wastewater surcharge.
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is small compared to Group 2. These two non-domestic categories are a much 
simpler structure than the one currently in use; it reflects the objective of fairness 
that the existing tariff fails to achieve. Group 1 non-domestic customers pay the 
same volumetric price in the lifeline block of the domestic tariff for all the water 
they use, and Group 2 customers pay the same volumetric price in the second 
block in the domestic tariff.

3.4  Assessing the Performance of the Tariff Options: 
Affordability Indices

Our affordability indices measure water payments as the share of a household’s total 
expenditures (or income). The data from the customer billing records for Fayoum 
do not contain information on income, total expenditure, household size, or other 
socioeconomic characteristics and thus do not permit estimates of the effects of 
tariff increases on poor households. Chemonics Egypt (2009)9 used data from a 
2007–08 survey of Egyptian households to estimate expenditure for several budget 
categories (including water supply) for households sorted by quintiles of income. 
There is a strong positive statistical correlation between water and sanitation expen-
diture and household total expenditure, which suggests that households with the 
lowest water bills tend to be the poorest.

We thus divide the domestic customers in Fayoum into 20 groups of equal size 
based on the average water use of each household. We then assume that the first 
group (the 5 % of households with lowest consumption) has total household expen-
diture equal to that of the first income strata in the Chemonics study. We repeat this 
process for the other 19 groups of domestic customers.

For each tariff scenario, we report the average affordability index in simulation 
year 3 for three groups of households: the low-consumption group, which includes 
the 20 % (quintile) of households with the lowest consumption; the high- consumption 
group, which includes the quintile of households with the highest consumption; and 
the middle-consumption group, which includes the remaining 60 % of households.

3.5  Model Architecture

The tariff simulations calculate the effects of tariff increases on each customer (both 
domestic and non-domestic) in the Fayoum water company’s billing records for 
FY 2009, and then sum these individual customer effects to obtain totals. For each 
customer, the starting value is their average monthly water use in FY 2009. The 
model is run on a year-by-year basis (1-year steps), assuming that water prices, 

9 Affordability assessment to support the development of a financing strategy for the water supply 
and sanitation sector in Egypt. Final report, 161 pp.
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fixed charges, and customer water usage are adjusted annually.10 All monetary 
amounts are expressed in real (not nominal) terms.

The model simulates how each Fayoum customer adjusts their water use in each 
year of the 3-year simulation period to changes in water prices and income. Tariff 
reforms are implemented at the beginning of year 1; volumetric prices and the fixed 
charge are chosen to produce about the same total revenue as in the base year billing 
record. The model calculates the average price that each customer would be billed if 
their consumption in year 1 were the same as consumption the previous year (i.e. in 
the billing records), and then it calculates the percentage change in the average price 
from the base year to year 1. The percentage change in average price is then multiplied 
by the assumed price elasticity of demand (and the assumed percentage change in 
annual growth of income is multiplied by the assumed income elasticity of demand) 
to obtain the customer’s change in consumption. The change in consumption is added 
to the previous year’s consumption to get consumption in the current year. From that, 
the model estimates the bill in each year for each customer and the customer’s 
payment, taking account of the collection rate for the customer’s category.

This iterative process is repeated for all years over the simulation period. If the 
total revenue fails to meet the target, the tariff decision variables are changed by the 
user judgement and the simulation is repeated. Appendix 1 presents a detailed 
description of the simulation model, including model equations.

3.6  Model Assumptions

3.6.1  Customer Response to Prices

There has been a debate among water economists about the water price to which 
customers react when deciding how much water to use (for a summary of the literature 
on this question see Arbués et al. 2003). Economic theory suggests that customers 
react to the marginal price. However, because water tariff structures are often 
complicated and because water expenditure usually represents only a small portion 
of a household’s budget, many economists consider it more realistic to assume that 
customers respond to the average price and not to the marginal price. The simulation 
model assumes that customers respond to change in average price.

3.6.2  Price Elasticity

It is not possible to estimate the price elasticity of demand for customers in Fayoum 
because our data are a single cross-section of customers facing the same tariff 

10 Customers are in fact billed monthly. However, the distribution of monthly records does not 
show any significant seasonal pattern (e.g. there is no significant increase in water use in the sum-
mer). For this reason, it is reasonable to use as a benchmark the average monthly water use for the 
entire fiscal year.
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structure. However, studies in different countries and estimates from the literature 
suggest that the price elasticity of residential water demand is commonly in the 
range –0.3 to –0.6 (Nauges and Whittington 2010). In Egypt, the price of water is 
low and water expenditures are typically less than 1 % of household budgets 
(Chemonics Egypt 2009). We thus expect price elasticity to be low, probably 
smaller than –0.3.

The demand of households that use smaller quantities of water is probably more 
inelastic than that of households using larger quantities because large users have 
more options for reducing consumption if prices rise. For this reason, we assume a price 
elasticity of –0.2 for domestic customers using more than 10 m3 per month per house-
hold, and –0.1 for domestic customers using less than 10 m3 per month per household. 
We tested the sensitivity of simulation results to assumptions about price elasticity.

As the price of water increases, non-domestic customers may pay more attention 
to their water bills than before and may take steps to avoid wasting water, such as 
fixing leaks. Our tariff simulations assume a price elasticity of –0.2 for non- domestic 
customers.

3.6.3  Income Growth and Income Elasticity

Egypt’s growth in gross domestic product was 7.2 % in 2008, 4.7 % in 2009, and 
5.1 % in 2010 (World Bank).11 In the model simulations, household income is 
assumed to grow in real terms by 5 % each year. The income elasticity of domestic 
customers’ demand for water and sewerage is typically in the range 0.1–0.3 (Nauges 
and Whittington 2010). The model initially assumes an income elasticity of 0.2, 
which is then tested by a sensitivity analysis.

3.6.4  Threshold Domestic Water Use

We assume that households have a minimum water consumption of 5 m3 per month, 
which means they will not reduce their consumption below this amount regardless 
of how high prices rise. The choice of the minimum threshold is ad hoc and based 
on our personal judgement. For greater accuracy the threshold should depend on the 
size of the household, but this information is unavailable in the customer billing 
records. No threshold is assumed for non-domestic customers.

3.6.5  Population Growth

The national master plan prepared by the Egyptian Holding Company for Water and 
Wastewater for the European Commission (May 2009) provides estimates of popu-
lation growth by governorate in Egypt. Population in El Fayoum is estimated to 

11 Available at http://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG
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grow by 25 % over the next 10 years (from 2,961,431 in 2007–12 to 3,709,265 in 
2017–22). Based on this forecast, we assume that the number of water connections 
(both domestic and non-domestic) will increase 2.5 % each year.

3.6.6  Sanitation Coverage

The Fayoum water company provided data on the number of new wastewater 
customers each year from FY 2006 through FY 2009. Projecting these data into the 
future, we estimate that new sewerage connections will increase 6 % per year during 
the simulation period. For modelling purposes, the domestic customers who con-
nect to the sewer system are chosen at random each year from among those not 
already connected.12 Documents provided by the water company reported that 75 % 
of non-domestic customers were connected to the sewerage system in FY 2009. 
However, billing records contain few actual bills for non-domestic customers, 
making it impossible to identify which ones already have (or do not have) sewer 
connections. Thus, for modelling the tariff, we assume that all non-domestic cus-
tomers have sewer connections.

3.6.7  Collection Rate

The collection rate (payments divided by bills) can vary significantly from one cus-
tomer to another. Instead of applying an individual collection rate for each customer 
in our tariff simulations, we use an average collection rate for groups of customers. 
We assume that operational efficiency and hence collection rate will remain the 
same over the 3-year planning period. More details on the assumed collection rates 
are given in Appendix 2.

4  Simulation Results

4.1  Tariff Option 1: Increasing Block Tariff with First  
Block 0–10 m3/month (IBT10)

The simulation outcome for an IBT with the first block 0–10 m3/month (denoted 
IBT10) is shown in Table 17.2. The volumetric price in block 2 is 2.80 LE/m3 for 
households with water and sewerage.13 The volumetric price in block 1 is 50 % of 

12 This is unrealistic because in some cases there is no sewer line in a specific area. When one is 
installed, many households there may choose to connect. However, this assumption will not have 
much effect on our simulation results.
13 The volumetric price in block 2 is chosen such that it is equal to the marginal cost, itself being a 
function of total water sales.
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the volumetric price in block 2, i.e. 0.70 LE/m3 for households with only water 
service and 1.40 LE/m3 for households with both water and sewerage. In order for 
collected payments from both domestic and non-domestic customers to cover O&M 
costs in year 3, the fixed charge has to be set at 5 LE/month, which would corre-
spond to a 34 % annual rate of increase in the fixed charge from year 1 to year 3 
(without taking inflation into account). With this tariff, our simulations indicate that 
about 81 M m3 of water would be sold in year 3, of which 65 M m3 would be used 
by the domestic population and 16 M m3 would be used by the non- domestic popu-
lation. Total collected payments are estimated to reach LE 132 m in year 3, which 
should cover O&M costs. In year 3, more than half of the domestic population 
(54 %) falls in the first block of the IBT, so less than half of the domestic consumers 
face the economically efficient price. The utility does not experience any decrease 
in revenue when the new tariff is put in place; the total amount of collected payments 
in year 1 is estimated at LE 55.4 m which is in the range of collected payments 
estimated for FY 2009.

In Table 17.3 we report the average consumption per household, the average bill, 
the average price, and the average affordability index in year 1 and in year 3 for 
low-, middle-, and high-consumption domestic customers.

Households in the third group (large consumers) consume on average 17 m3/
month in year 3, compared to 23 m3/month in year 1. The decrease is smaller for 
households in the middle- and low-consumption groups because we have assumed 
a minimum monthly consumption of 5 m3 per month per household and a lower 
price elasticity for households consuming less than 10 m3 per month. In the group 
of low-consumption households, the average bill increases from 4.1 LE/month to 
9.3 LE/month and the average share of the water bill in the average household’s 

Table 17.2 Tariff option 1 (IBT10 with 2 blocks) – simulation results for year 3

Year 3 (target year) Unit
Simulation 
outcome

Fixed chargea LE/month 5.03
Volumetric price for water in block 1b LE/m3 0.70
Volumetric price for water and wastewater in block 1 LE/m3 1.40
Volumetric price for water in block 2c LE/m3 1.40
Volumetric price for water and wastewater in block 2 LE/m3 2.80
Total water sales M m3 80.9
Total water sales (domestic customers) M m3 64.6
Total water sales (non-domestic customers) M m3 16.3
Total O&M costs M LE 132
Marginal cost of water and wastewater services, including 
opportunity cost of water

LE/m3 2.80

Total collected payments M LE 132

aThis corresponds to a 34 % annual rate of increase from year 1 until year 3
bThis corresponds to a 75 % annual rate of increase from year 1 until year 3
cThis corresponds to a 87 % annual rate of increase from year 1 until year 3
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total expenditure increases from 1.2 % in year 1 to 2.7 % in year 3. Despite the sharp 
increase in prices, water services remain affordable in year 3 for the low-income 
group (affordability indices from 2 % to 5 % are generally considered to be 
 affordable). The average price is higher for the low-consumption group (LE 1.80/m3 
in year 3) than for the high-consumption group (LE 1.71/m3).

4.2  Tariff Option 2: Increasing Block Tariff With a First  
Block Set at 5 m3/month (IBT5)

Table 17.4 presents the simulation results associated with the implementation of 
an increasing block tariff with a first block at 5 m3/month. In order to facilitate 
comparisons of IBT5 with IBT10, we also report the main results under imple-
mentation of an IBT10. The consequences for the domestic customers are shown 
in Table 17.5.

Tariff options 1 and 2 (IBT10 vs. IBT5) lead to the same level of water sales, 
total O&M costs, and collected payments in year 3. However, under the IBT5, only 
9 % of the domestic customers fall into the first block, compared to 54 % in the 
case of an IBT10. So 91 % of the domestic customers are facing an economically 
efficient price if the size of the first block is reduced to 5 m3/month. The IBT5 
provides small and poor households with low water bills, but the water use of 
larger households, even if they are poor, will not likely fall into the first block.  
As a consequence of the higher number of domestic customers falling in block 2, 
the fixed charge, which is required to generate revenues that cover O&M costs, 
with the IBT5 is 1.8 LE/month, while it was 5 LE/month with the IBT10. The 
lower fixed charge under IBT5 improves the affordability index for the group of 
low-consumption customers: the average share of water bill in total expenditure is 
now 2 % instead of 2.7 % with the IBT10 (Table 17.5). Also, the IBT5 could be 
seen as more “equitable” in the sense that the average price paid by households 
in the low-consumption group in year 3 (LE 1.47/m3) is smaller than the average 
price paid by households in the high-consumption group (LE 1.78/m3). The 
average consumption in the three groups of households is about the same whatever  
the size of the first block.

Table 17.3 Impact of tariff option 1 (IBT10) on domestic customers in year 1 and year 3

Year 1 Year 3

Low Middle Large Low Middle Large

Average consumption 
per household

m3/month 5.5 10.8 23.1 5.2 8.9 17.1

Average bill LE/month 4.1 6.3 13.3 9.3 13.9 29.3
Average price LE/m3 0.75 0.59 0.58 1.80 1.57 1.71
Affordability index % 1.2 0.5 0.2 2.7 0.9 0.4

C. Nauges et al.



373

4.3  Sensitivity Analysis

In this section we check the sensitivity of our simulation results to assumptions on 
price and income elasticity. In each case the sensitivity to an assumption is mea-
sured by the gap it generates between O&M costs and collected payments. We test 
how the main results change if the price elasticity for households using more than 
10 m3 per month is –0.3 instead of –0.2. We still assume a price elasticity of –0.1 for 
households consuming less than 10 m3 per month. The outcome of the sensitivity 
analyses for the IBT10 and IBT5 are shown in Tables 17.6 and 17.7 respectively. 
Total water sales and collected payments in year 3 are quite sensitive to the assumed 
price elasticity of demand. With an IBT10, assuming a price elasticity of –0.3 
instead of –0.2 leads to an increase in the share of domestic population falling in the 
first block from 54 % to 61 % (Table 17.6). A higher price responsiveness induces 
substantially lower water sales (from 81 M m3 to 69 M m3), and hence lower 

Table 17.4 Tariff options 1 and 2 (IBT10 and IBT5) – simulation results, year 3

Year 3 (target year) Unit IBT10 IBT5

Fixed chargea LE/month 5.03 1.79
Volumetric price for water in block 1b LE/m3 0.70 0.70
Volumetric price for water and wastewater in block 1 LE/m3 1.40 1.41
Volumetric price for water in block 2c LE/m3 1.40 1.41
Volumetric price for water and wastewater in block 2 LE/m3 2.80 2.82
Total water sales M m3 80.9 79.7
Total water sales (domestic customers) M m3 64.6 63.4
Total water sales (non-domestic customers) M m3 16.3 16.3
Total O&M costs M LE 132 131
Marginal cost of water and wastewater services, including 
opportunity cost of water

LE/m3 2.80 1.41

Total collected payments M LE 132 131

aThis corresponds to a 34 % annual rate of increase in the case of IBT10 and a 20 % annual rate of 
decrease in the case of IBT5 from year 1 until year 3
bThis corresponds to a 75 % annual rate of increase in the case of IBT10 and IBT5 from year 1 until 
year 3
cThis corresponds to a 87 % annual rate of increase in the case of IBT10 and IBT5 from year 1 until 
year 3

Table 17.5 Impact of the IBT5 on the domestic customers, year 3

IBT10 IBT5

Low Middle Large Low Middle Large

Average consumption 
per HH

m3/month 5.2 8.9 17.1 5.2 8.5 17.0

Average bill LE/month 9.3 13.9 29.3 7.6 13.3 30.4
Average price LE/m3 1.80 1.57 1.71 1.47 1.57 1.78
Affordability index % 2.7 0.9 0.4 2.2 0.9 0.4
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collected payments. On the other hand, increasing the assumed income elasticity 
from +0.2 to +0.3 only slightly increases total water sales and total collected payments 
for both the IBT10 and IBT5 options.

5  Discussion

Our model simulations show that it is possible to modify the existing tariff structure 
used by the Fayoum Water Company and, over a 3-year planning period, increase 
average prices paid by customers in order to achieve O&M cost recovery targets. 
This financial objective can be achieved while meeting both affordability and 
economic efficiency objectives.

Table 17.6 Sensitivity to assumptions on price and income elasticities, IBT 10

Year 3 (target year) Unit
Base case 
assumptionsa

Price elasticity: –0.3  
for HH using more  
than 10 m3 per month

Income 
elasticity: 0.3

Share of domestic 
population in first block

% 54 61 53

Total water sales M m3 80.9 69.8 81.9
Total water sales (domestic 
customers)

M m3 64.6 56.5 65.6

Total water sales  
(non-domestic customers)

M m3 16.3 13.2 16.3

Total O&M costs M LE 132 120 133
Total collected payments M LE 132 112 134

aPrice elasticity set at –0.2 for households using more than 10 m3/month and income elasticity set 
at +0.2

Table 17.7 Sensitivity to assumptions on price and income elasticities, IBT 5

Year 3 (target year) Unit
Base case 
assumptionsa

Price elasticity: –0.3  
for HH using more  
than 10 m3 per month

Income 
elasticity: 0.3

Share of domestic 
population in first block

% 9 9 9

Total water sales M m3 79.7 73.2 80.6
Total water sales 
(domestic customers)

M m3 63.4 58.4 64.3

Total water sales 
(non-domestic customers)

M m3 16.3 14.8 16.3

Total O&M costs M LE 131 124 132
Total collected payments M LE 131 118 132

aPrice elasticity set at –0.2 for households using more than 10 m3/month and income elasticity set 
at +0.2
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A two-block tariff with a positive fixed charge is simple to understand and 
transparent. The elimination of the simple block tariff and of the minimum 
charge reduces the burden imposed on small customers. Our results also show 
that reducing the size of the lifeline block at 5 instead of 10 m3 per month could 
be an attractive alternative. If a lifeline block of 10 m3 is used, and because  
volumetric prices and fixed charges must increase to meet revenue targets, the 
water use of households in the second block falls significantly, even though it is 
assumed that demand is very inelastic (a price elasticity of demand of –0.2 is 
assumed for households in the second block). The result is that more than 50 % 
of households are estimated to fall into the lifeline block. Also, because the  
volumetric charge in the lifeline block is low, to meet revenue targets a 10 m3 
lifeline block puts increasing pressure on the volumetric rate in the second block 
and on the fixed charge.

The results of the sensitivity analyses show that tariff design is complicated by 
uncertainty as to what will happen to both utilities and their customers if tariffs are 
increased substantially. There are several reasons why customers’ responses to large 
tariff increases are uncertain and difficult to forecast. First, some customers may not 
be individually metered but instead share collective bills. Predicting how such 
groups will react to large increases in joint bills is especially difficult. Second, for 
customers that have individually-metered connections, price and income elasticities 
will be uncertain, and water utilities typically do not know the incomes or house-
hold sizes of their customers. In particular, when tariff structures are not transparent 
households simply may not understand how their water bills are calculated. From 
the utility’s perspective, large tariff increases will reduce its water sales, which will 
in turn affect both its operating costs, net revenues, and capital expansion plans. 
Water regulatory agencies must take decisions in the face of such uncertainties 
about the consequences of their actions, but analytical tools such as the simulation 
model described in this chapter are still useful to help think systematically about 
future possibilities.

 Appendix 1: Equations of the Simulation Model

We describe below how the model operates in year t. These equations correspond to 
the ones used to simulate an increasing two-block tariff with a positive fixed charge.

1 List of Variables and Parameters

AVPRICE Average price (LE/m3)
DAVPRICE Change in average price (real rate)
COLLRATE Collection rate for domestic customers
DFC Annual (real) rate of increase for the fixed charge
DINCOME Income growth (real rate)
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DPRICELLB Annual (real) rate of increase for the volumetric price in the lifeline 
block

DPRICEUPB Annual (real) rate of increase for the volumetric price in the upper 
block

ELASINC Income elasticity of demand
ELASPRI Price elasticity of demand
FC Positive fixed charge (LE/month)
MOCONS Monthly consumption (m3)
ND Total number of domestic customers
NND Total number of non-domestic customers
NOFLAT Number of apartments
PRICELLB Volumetric price in the lifeline block in year 1 in LE/m3

PRICEUPB Volumetric price in the upper block in year 1 in LE/m3

SANIT A variable which takes the value 1 if the customer has a sewerage 
connection and 0 otherwise

SEWFEE Sewerage surcharge
SIZELLB Size of the lifeline block (m3)
TOTSALES Total water sales (m3)
TOTCOLL Total collected payments (LE)

2 List of Equations

2.1  Fixed Charge and Prices in Year t

At the beginning of year t, the tariff structure is readjusted as follows: the fixed 
charge (FC) in year t corresponds to the fixed charge in year t–1 to which we apply 
the annual rate of increase (DFC):

 
FC FC DFCt t= × +( )−1 1 .

 

The volumetric price in the lifeline block (PRICELLB) in year t corresponds to the 
volumetric price in the lifeline block in year t–1 to which we apply the annual rate 
of increase (DPRICELLB):

 
PRICELLB PRICELLB DPRICELLBt t= × +( )−1 1 .

 

The same applies to the volumetric price in the upper block (PRICEUB):

 
PRICEUB PRICEUB DPRICEUBt t= × +( )−1 1 .
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2.2  Description of the Customer’s Behaviour

We calculate the average price that will be paid by each customer in year t if they 
consume in year t the same amount of water they consumed in year t–1. The average 
price is calculated as follows:

 Domestic Customers

For household i in the lifeline block (i.e., MOCONS SIZELLBi t, − ≤1 ) without 
sewerage connection:

 
AVPRICE FC PRICELLB MOCONS MOCONSi t t t i t i t, , ,/ .= + ×( )− −1 1  

For household i in the lifeline block (i.e., MOCONS SIZELLBi t, − ≤1 ) with sewerage 
connection:

 
AVPRICE FC PRICELLB SEWFEE MOCONS MOCONSi t t t i t, , /= + × +( ) × −1 1 ii t, .−1  

For household i in the upper block (i.e., MOCONS SIZELLBi t, − >1
) without  

sewerage connection:

 

AVPRICE
FC PRICELLB SIZELLB PRICEUPB

MOCONS SIZi t

t t t

i t
,

,

=
+ × +

× −−1 EELLB
MOCONS( )









 −/ ,i t 1

 

For household i in the upper block (i.e., MOCONS SIZELLBi t, − >1 ) with sewerage 
connection:

 

AVPRICE

FC PRICELLB SEWFEE SIZELLB

PRICEUPB SEWFt

t t

t=
+ × +( ) ×
+ × +

1

1 EEE

MOCONS SIZELLB

MOCONS( )
× −( )

















−

−

i t

i t

,

,/ .

1

1

 

 Non-domestic Customers

Non-domestic customers in Group 1 are charged at the price of the lower block for 
all cubic meters of water used and all customers are assumed to be connected to the 
sewerage system:

 
AVPRICE FC PRICELLB SEWFEE MOCONS MOCONSi t t t i t, , /= + × +( ) × −1 1 ii t, .−1  
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Non-domestic customer i in Group 2 are charged at the price of the upper block for 
all cubic meters of water used and all customers are assumed to be connected to the 
sewerage system:

 
AVPRICE FC PRICEUPB SEWFEE MOCONS MOCONSi t t t i t, , /= + × +( ) × −1 1 ii t, .−1  

From that, we can infer the change in average price in year t (DAVPRICE) faced by 
customer i as:

 
DAVPRICE AVPRICE AVPRICE AVPRICEi t i t i t i t, , , ,/ .= −( )− −1 1  

Hence the predicted monthly water consumption in year t is:

For domestic customer i using more than 5 m3/month/apartment:

 
MOCONS MOCONS

ELASPRI DAVPRICE
ELASINC DINCOMi t i t

i t
, ,

,= × + ×
+ ×−1

1
EE






.
 

For domestic customer i using less than 5 m3/month/apartment, the minimum 
threshold applies:

 
MOCONS NOFLAT ELASINC DINCOMEi t i, .= × × + ×( )5 1

 

For non-domestic customer i:

 
MOCONS MOCONS ELASPRI DAVPRICEi t i t i t, , , .= × + ×( )−1 1

 

The monthly bill for customer i is then calculated as follows:

 Domestic Customers

For household i in the lifeline block (i.e., MOCONS SIZELLBi t, ≤ ) without sewerage 
connection:

 
BILL FC PRICELLB MOCONSi t t t i t, , .= + ×

 

For household i in the lifeline block (i.e., MOCONS SIZELLBt ≤ ) with sewerage 
connection:

 
BILL FC PRICELLB SEWFEE MOCONSt t t t= + × +( )×1 .
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For household i in the upper block (i.e., MOCONS SIZELLBi t, > ) without sewerage 
connection:

 

BILL FC PRICELLB SIZELLB PRICEUPB

MOCONS SIZELLB
i t t t t

i t

,

,

= + × +

× −( )).  

For household i in the upper block (i.e., MOCONS SIZELLBi t, > ) with sewerage 
connection:

 

BILL FC PRICELLB SEWFEE SIZELLB

PRICEUPB SEWFE
i t t t

t

, = + × +( ) ×
+ × +

1

1 EE MOCONS SIZELLB( ) × −( )i t,  

Non-domestic Customers

For non-domestic customers in Group 1, all cubic meters are charged at the price of 
the lower block and all customers are assumed to be connected to the sewerage 
system:

 
BILL FC PRICELLB SEWFEE MOCONSi t t t i t, , .= + × +( )×1

 

For non-domestic customers in Group 2, all cubic meters are charged at the price of 
the upper block and all customers are assumed to be connected to the sewerage 
system:

 
BILL FC PRICEUPB SEWFEE MOCONSi t t t i t, , .= + × +( )×1

 

2.3 Total Water Sales, Collected Payments, and Target Revenue

Total water sales in year t are calculated as the sum of water sold to all domestic 
customers (ND) and water sold to all non-domestic customers (NND):

 

TOTSALES MOCONS
N ND ND

t
i

i t= ×










=

+

∑12
1

, .

 

And total collected payments in year t are the sum of bills paid by domestic and 
non-domestic customers. The collection rate is applied to each domestic customer 
bill. The non-domestic customers pay their bills.

 

TOTCOLL BILL COLLRATE BILL
N ND ND

t
i

i t
i

i t= × × +










= =
∑ ∑12

1 1
, , .
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Finally, the target in year T (3 or 5 depending on the scenario) is defined as 
follows:

The target is to cover O&M cost in year T and is calculated as follows:

 
TARGET TOTSALES TOTSALES SANIT1 5 4 6 20 6 0 6

T T T= × + × ×[ ]. . ,. .

 

where TOTSALES SANITT ×[ ]  represents the total amount of water sales to 
customers with a sewerage connection.

 Appendix 2: Assumptions on Collection Rates

The population of domestic customers in FY 2009 is divided into 10 bins of equal 
size (deciles), based on average monthly water use per household. The first bin 
(decile) has 10 % of the domestic population with the lowest average monthly water 
use per household, and the last bin (the tenth) has 10 % of the population with the 
highest average monthly water use per household. We calculate the average collec-
tion rate in each decile from Fayoum’s billing records for FY 2009, and we then 
assume that the average collection rate in a decile applies to each customer in that 
decile. Fayoum’s collection rates are shown below. We assume that collection rate 
remains constant over the 3-year simulation period.

Decile Average collection rate (%)

1 92.1
2 96.1
3 97.0
4 95.6
5 93.9
6 88.1
7 95.6
8 95.5
9 93.9
10 69.3
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Chapter 18
Managing Water Variability Issues

Hugh Sibly and Richard Tooth

1  Introduction

Despite the growing use of manufactured sources, urban centres still predominantly 
rely on climate-dependent water sources. In many cases, the availability of supply 
is  subject to significant variability and uncertainty. Recently the additional concern 
has arisen that climate change will increase this uncertainty. This variability and 
uncertainty create a number of significant issues that need to be managed. This 
chapter reviews the issues and considers different approaches to managing them.

Urban water networks are characterised by relatively large infrastructure costs 
relative to operating costs. In common with many infrastructure industries, economic 
issues arise around the optimal pricing and timing of so-called ‘lumpy’ investments. 
A key feature of many urban water systems is the presence of large, cheap stor-
ages – a characteristic that is largely absent from other well-studied utility industries 
such as electricity and telecommunication networks. Storage has implications for 
both the pricing and timing of investments, and therefore how uncertainty in water 
availability is managed. These implications will be examined here.

Governance arrangements are also important in managing the uncertainty of 
water availability. It is often the case that urban water augmentation decisions, 
pricing, and operational decisions are centrally managed by government agencies 
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and/or government-owned organisations. However, markets offer a potential alternative 
approach, one where supply can more quickly adapt to changing conditions and  
needs. We consider the potential for markets to help deal with the issue of 
uncertainty.

An emerging issue in many jurisdictions is that of water security. When there 
is sufficient uncertainty, an urban centre can face the prospect of running out of 
water. This is a key driver of urban water policy in many regions. However, 
there is often a lack of clarity of how water security goals are determined and 
how security criteria are established. This chapter considers the government’s 
and market’s role in providing for water security. It is noted that an increase in 
diversity of supply may increase water security, although this diversity is likely 
to come at a cost.

This chapter has three major working sections. Section 2 examines the economics 
of bulk supply of urban water, including decisions over investment and pricing. 
Section 3 builds on this and discusses the issue of supply security. Then Sect. 4 
examines issues of institutional design before we set out our final conclusions.

2  Economics of Augmentation and Use Decisions

2.1  Nature of Urban Water Supply

The majority of urban water systems rely extensively on water catchments. In many 
regions there is significant seasonal or annual uncertainty in the magnitude of 
inflows into these catchments, and so many urban water systems experience 
 substantial variability in the available supply of water. Furthermore, the high cost 
(relative to its value) of transporting water means that urban water systems are 
highly localised, and dependent on a few water sources.

While supply from certain climate-dependent sources can be more or less 
predicted,1 in general future supply is uncertain and has an unknown probability 
distribution.2 A major concern associated with climate change is that the uncertainty 
of supply will progressively increase. This variability and uncertainty – coupled 
with demand uncertainty – creates a number of significant management issues.

So far as urban water is concerned, variability and uncertainty is primarily an 
issue to do with the provision and demand for bulk supply. Although uncertainty 
and variation in demand on other aspects of the supply chain can create challenges, 
these challenges tend to be relatively minor. For example, the distribution and 
 reticulation network needs to be designed to meet seasonal peak demand require-
ments, which are not constant, but the incremental cost of providing additional 
capacity to meet higher peak demand is, in general, relatively small. In contrast, the 

1 In a number of systems inflows to water catchments follow broad seasonal patterns.
2 Uncertainty in which the probability of the outcome is unknown is commonly referred to as 
Knightian uncertainty after Knight (1921).

H. Sibly and R. Tooth



385

network costs of meeting peak demand are major factors in other network utilities 
such as energy, transport, and telecommunications.

In addition to variability there are other important features of urban water. Urban 
water augmentation tends to involve ‘lumpy’ (i.e. large and infrequent) investments 
that have significant lead times (meaning they take a long time to develop). These 
factors create challenges for supply investment decisions.

The lumpiness of investment means that additional capacity needs to be created 
before it is fully required. An implication is that the relative merits of different sup-
ply alternatives will depend on projections of growth in demand; when demand 
growth is low, smaller investments may be more efficient even if their average cost 
per unit output is higher. When there is uncertainty as to future requirements (due to 
uncertainty in demand or available supplies) the issue of ‘lumpiness’ becomes  
more pronounced. Under uncertainty, there is a magnified risk that capacity will be 
unused.

When future needs are certain, a long lead time is of little consequence; invest-
ments with longer lead times just need to begin earlier. However when there is 
uncertainty (with regards to supply and/or demand), and investment is irreversible, 
lead times become important because conditions may change during the course of 
development and affect the investment’s value. For example, a project that at one 
stage appeared necessary to supplement dwindling supplies may suddenly become 
unnecessary following a change in weather.

In terms of choice of investment, there are a number of implications of  uncertainty. 
First, all else being equal, investments with shorter lead times are more valuable. 
Shorter lead times mean that investment can be made closer to when supply is 
required and thus when requirements are more certain. Second, flexible investments 
have greater value. Often the development process is not fixed, which provides the 
developer with options (known as real options) to re-optimise the design, and/or 
the development process, as conditions change. For example, a desalination plant 
has greater value if much of the time-consuming but inexpensive investment can be 
made early and the more expensive investment can be made later; this allows the 
developer to defer the expensive investment if conditions permit. The presence of 
real options adds complexity to investment decisions.

These issues are not unique to water. The problems of uncertain requirements 
and lumpiness of investments with long lead times are common in other infrastructure 
investments such as with energy, transport, and telecommunications. This combina-
tion of features, and the implications, as noted above, for timing and choices of 
investment has received substantial attention (see for example, Dixit and Pindyck 
1994; Turvey 2000).

However, urban water differs from many other industries in that water can often 
be stored cheaply in large quantities. The services provided by transport and 
telecommunications must be used as they are provided, and whereas it is possible to 
store electricity the cost is prohibitive for general use. In contrast, climate-driven 
water sources are often captured in large storages within nearby water catchments. 
For example, in Sydney, Australia, the storage capacity of local water catchments is 
around 4 years of average demand.
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The availability of storage has significant implications for urban water  investment 
and management. First, storage can be used to help smooth over lumpy investments. 
Second, storage can be used to help manage uncertainty. These implications are 
explored in the following section.

2.2  Economics of Investment: No Storage

To analyse decisions around the type and timing of investment in urban water sup-
ply, it is useful to review the costs and pricing of urban water services. While urban 
water prices are usually administratively set, they are generally done with the dual 
aims of achieving cost recovery and efficiency. To meet these dual goals, a two-part 
tariff scheme, consisting of usage charges and fixed charges, is commonly 
implemented.3

If customers’ fixed charges are sufficiently small so as not to materially affect 
connection decisions, then interest in the efficient use of the resource focuses only 
on usage charges. It is commonly acknowledged that efficient use of a resource is 
encouraged when the usage charge is set to marginal cost; however, debate has 
raged around how marginal cost should be defined.

To encourage efficient use, price may be set to short-run marginal cost (SRMC), 
which, when there is no storage available, is the cost of producing an additional unit 
of water. An issue with SRMC pricing is that when there are ‘lumpy’ investments 
the introduction of new capacity can have a dramatic effect on the price at which 
demand and supply are balanced. Two implications are that the price may be very 
volatile, and that the utility will under-recover for future investments. This effect is 
illustrated in Fig. 18.1 below. The market clearing price (the intersection of SRMC 
and demand) will be low when there is excess capacity, increase rapidly as demand 
grows and capacity becomes constrained, and then fall quickly when a new lumpy 
investment comes on line.4

Of particular concern is that the fall in price due to additional capacity creates a 
disincentive for investment.5 This effect is illustrated in Fig. 18.2 below. Here, a 
price set to SRMC would be so low in the post-investment period that there is no 
producer surplus (i.e. return on investment) from which to fund new investment. 
Furthermore, due to the price drop, there is a large benefit transfer from producers 
to consumers associated with existing investments. Despite these adverse outcomes 
for suppliers, the investment may be socially beneficial if the net increase in producer 
and consumer surplus (areas B + C in Fig. 18.2) exceeds the cost of the investment.

3 Other charges are imposed, most notably additional charges applied to new developments; how-
ever, these are extraneous to the analysis in this chapter.
4 A further problem is that in some industries (e.g. landing slots at an airport) as capacity limits are 
reached congestion externalities start to kick in.
5 This is the case when the private investor cannot charge a fixed fee to customers, as is likely to be 
the case when a private investor provides water to a publicly owned water corporation.
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The problem of lumpy investments prompted consideration of alternative price 
approaches and in particular pricing based on ‘long-run marginal cost’ (LRMC), a 
marginal cost value that incorporates capital costs of investment.

In determining LRMC a useful framework is to consider that, in an environment of 
continually growing demand, the effect of price on demand is primarily to change the 
timing of future investments. Thus a LRMC pricing approach may serve the dual 
objective of funding future investment as well as provide a signal for demand.6

6 See OFWAT (2001) for a useful discussion on the role of LRMC pricing for water utilities in 
England and Wales.
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Fig. 18.1 Short-run marginal cost (SRMC) pricing, without storage, under lumpy investments

Adapted from Turvey (2000).
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18 Managing Water Variability Issues



388

With this framework, Turvey (1976) developed the ‘present worth of system 
incremental cost’ (PWSIC) method. This method involves estimating the optimal 
capital program over a long period to meet the demand and then calculating how the 
timing of the investment, and thus the present value of costs, would change with a 
permanent small change in demand.

However, the PWSIC method is complex and still leads to a saw-tooth price 
 pattern. In practice, simpler, more approximate, methods are often used. Perhaps 
most common is an ‘average incremental cost’ (AIC) method that measures the 
present value of future investments divided by the present value of the incremental 
demand to be met by those investments.

While the relative merits of alternative pricing approaches has generated signifi-
cant debate and discussion,7 pricing based on LRMC has gained wide acceptance by 
regulators and influential bodies around the world.8

However significant challenges emerge when there is variability in supply. In the 
main, LRMC pricing is rigid; that is, the pricing path is set in advance and does not 
change with changing supply and demand conditions. Recent droughts in Australia 
and the US have resulted in severe supply shortages at prices set at LRMC. In 
response, governments have imposed water restrictions to curb demand, which are 
increasingly recognised as having problems.9

The rigid LRMC pricing approach also creates problems for efficient investment. 
A rigid pricing approach does not reward investors who invest in drought-proof 
sources of supply. The rigid pricing approach is also likely to result in over- 
investment in supply as it means that pricing cannot be used to curtail demand  
during severe shortages. Given the limited range of restrictions, the only alternative 
is to build additional supply earlier.

Both variability and uncertainty of water supply are key factors. If these factors 
did not exist then the bulk of the concerns relating to the rigid LRMC pricing 
approach would not exist.

7 See Sibly (2006) for a debate on marginal cost pricing in an urban water context. Park (1989) uses 
simulation analysis to examine the relative merits of alternative pricing approaches under condi-
tions of lumpy investment and growing demand.
8 For example, the England and Wales regulator (see OFWAT 2001) and a number of regulators in 
Australia have endorsed the LRMC approach. The American Water Works Association (AWWA 
2000, p. 120) endorses the LRMC, stating that “Economic theory suggests that water rates be set 
equal to long-run marginal costs to ensure an efficient allocation of water service.”
9 While restrictions have appeared to be successful in curbing demand, restrictions are an  inefficient 
and inequitable approach relative to reasonable alternatives based on price. Demand restrictions 
have a number of problems. First, they are difficult to implement: they can only be reasonably 
applied to outdoor use and they are notoriously difficult to enforce and therefore they can only 
partially limit demand. Second, they are inefficient, as they restrict efficient allocation between 
different uses, users, and time periods. Third, restrictions have additional hidden consequences on 
business and society. These include loss of amenity due to loss of green spaces and costs spent by 
business and individuals in avoiding water restrictions. Fourth, relative to simple alternatives, they 
are highly regressive. In effect, when water is underpriced, the large users (who tend to be wealthier) 
receive a subsidy.
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2.3  Implications of Storage

2.3.1  Implications Under Certainty

The provision of substantial storage capacity is a major feature of urban water 
 systems that must deal with uncertain environmental water inflows. However, we 
first find it useful to consider the implications for urban water systems of having 
substantial storage capacity when there is certainty over future demand and supply.

Storage can be used to ‘smooth over’ the known (i.e. certain) variability in water 
inflows. For instance, in some regions annual river flows are known to be sufficient 
to provide for annual requirements; however sometimes, due to seasonal variations, 
river flows may be insufficient to supply daily requirements. In such cases storage 
capacity may be employed to smooth over the seasonal variation in supply.

Storages may also potentially be used to smooth over the excess capacity resulting 
from lumpy investments. To explain the impact of storage on the timing of lumpy 
investment, assume for simplicity that water production (e.g. inflows to catchments) 
and demand growth are constant and that investments (such as a desalination plant 
or recycling plant) are for an additional constant supply. The implications of storage 
for the timing of investment are illustrated in Fig. 18.3. The top half of the figure 
shows that, in the absence of storage, additional lumpy capacity is built prior to it 
being fully required. The bottom half of the figure shows how, with storage, the 
investment in capacity can be postponed by increasing stocks of water when capacity 
exceeds demand and then using the stored water to defer investment.

Storage has significant implications for marginal cost pricing. When water is 
being stored, the SRMC of using water is not the cost of additional production but 
rather the cost that reflects the opportunity cost of not using the water for future use. 
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Fig. 18.3 The benefits of storage
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This cost can be calculated as the present value of water in the future, less any 
 marginal costs associated with storage. Thus to encourage an efficient (i.e. optimal) 
allocation of water over time, the bulk water price should incorporate this opportu-
nity cost.

While water is being stored, an efficient pricing rule that governs the bulk water 
price10 is one where the price grows at a rate reflecting the marginal cost of holding 
water, which is the combination of the financing cost (i.e. an interest rate) and the 
marginal costs of storage.11

The pricing growth implied by this price rule may be modest. If demand and 
 supply (and related costs) are certain, then the appropriate discount rate is the risk-
free interest rate.12 Rates of storage loss vary according to climate and dam charac-
teristics13; as a rough estimate, the average rate of storage loss in Sydney is less than 
10 % and the marginal rate is less than 5 %.14 Thus, assuming a marginal storage 
cost of 5 %, for example, the implied real price path may be an annual increase of 
less than 10 %. As this represents the bulk water price, the retail price growth may 
be substantially less.

This ‘SRMC with storage’ pricing rule differs significantly to pricing at SRMC 
when there is no storage. This is illustrated in Fig. 18.4. Under the ‘SRMC with 
storage’ pricing rule, while water is being stored the bulk water price rises continu-
ously at a rate determined by the discount rate and the marginal rate of storage loss. 
In contrast, under ‘SRMC pricing with no storage’ the bulk water price might hardly 
move until capacity becomes a constraint, after which the price escalates at a rate 
driven largely by the elasticity of demand and the rate of demand growth.

The ‘SRMC with storage’ pricing path is more similar in form to that implied by 
the PSWIC method of calculating LRMC (which ignores storage). Under the 
PWSIC method the price calculated (based on a permanent demand) increases at 
close to the discount rate.15 Thus the key difference between the two formulas is 
that, in the presence of storage, future price is discounted for storage loss. Both pricing 
rules yield similar price growth only if the marginal rate of storage loss is low.

10 For the purposes of analysis in this chapter, and for ease of exposition, we focus on the bulk water 
price. Assuming pass-through of costs, the retail price will simply be an increment to the bulk 
water price, which is relatively stable and predictable.
11 This is similar to Hotelling’s price rule. It may be described as P P r mt t+ = +( ) −( )1 1 1/ , 
where Pt denotes the price in period t, r is a constant discount rate, and m is the marginal rate of 
storage (see Appendix for the proof).
12 At the time of writing, real risk-free interest rates are about 2 %. The cost of capital for utilities 
is higher, but still modest. For example, the real pre-tax weighted average cost of capital used in 
Australia is around 7 %.
13 The marginal rate of storage loss will is likely to differ to from the average rate. Storage loss is 
primarily related to evaporation, and thus the marginal storage will primarily relate to the increase 
in evaporation from storing more water. This will depend on a number of factors including the 
shape of the dam. Assuming evaporation is proportional to surface area and that the walls of the 
dam have a positive slope, then the marginal storage rate will be positive.
14 This is based on unpublished levels of storage and storage loss.
15 That is, P P rt t+ = +( )1 1 .
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If demand is continually growing, then at some point the introduction of new 
capacity will become socially optimal. This new capacity puts a limit on the price 
growth. Assuming the capacity is sufficiently lumpy (i.e. adds significantly to the 
available supply), the new capacity lowers the marginal cost of supply. 

Once storages are exhausted, the ‘SRMC with storage’ pricing rule does not 
apply and, quite simply, an SRMC pricing rule would follow ‘SRMC without 
storage’ pricing and equate short-term supply and demand and, due to demand 
growth, the price would continue to rise. However, under reasonable assump-
tions16 it would be optimal to exhaust storages at the point when new lumpy 
capacity is installed.17 Once new lumpy capacity is installed there is again excess 
capacity and the price to encourage efficient usage would drop. As illustrated in 
Fig. 18.4, the price drop will not be as severe as in the ‘SRMC with no storage’ 
pricing case.

The starting and ending price of this price path would be determined by the 
 timing of the next augmentation; for example, a delay in the timing of the next 
augmentation necessitates a higher price to curb demand. A social planner would 
time investments so that the total consumer benefit arising from the infrastructure 
augmentation covers the cost of augmentation. That is, the social planner will 
undertake the project provided the discounted benefit of increased consumption out-
weighs the cost of investment.

16 The reasonable assumptions are that the lumpy investment to be installed is not at significantly 
lower cost than future investment and there is no abnormal future growth in demand.
17 If high price growth was expected, an inter-temporal optimisation would result in water being 
conserved for the period of higher prices. See Appendix for proof.
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A private investor would only choose to undertake an investment that is timed so 
that demand has grown such that the investment cost is covered by the present value 
of the future revenue received (net of operating costs). As water demand is  invariably 
inelastic, the bulk supply augmentation causes a substantial decrease in price. As 
illustrated in Fig. 18.2, a private investor in a new supply is not able to capture some 
of the value created. While the price drop provides an increase in consumer surplus, 
it creates a disincentive to invest in socially beneficial projects.

However, as noted, storage reduces the magnitude of the price drop, and allows 
water to be reallocated to periods with the highest water value. Storage thus helps to 
mitigate, but not eliminate, this issue of investors not being able to capture the value 
created.

Of note, the new investment also has an impact on consumption prior to the invest-
ment. The earlier the investment is made, the less water needs to be conserved in 
prior periods. Thus, bringing forward a new investment provides a benefit to consum-
ers in prior periods by depressing prices and allowing greater consumption.

Another important implication of storage is that there is a relationship between 
‘SRMC under storage’ and the LRMC that incorporates the capacity cost. Thus, an 
effect of storage is to reduce the distinction between SRMC and LRMC.

The potential for storage to address the problems of SRMC pricing associated 
with lumpy investments depends on the available storage capacity. The adequacy of 
available storage capacity in managing lumpy investments depends on the lumpi-
ness of investment relative to demand growth. Under ‘SRMC with storage’ pricing, 
demand growth would be less than unconstrained demand growth; however the 
effect of price is likely to be small as the short-term price elasticity of bulk water is 
likely to be very small.18

These factors depend on the situation; however, some simple examples can 
provide a guide to the potential range. The total storage capacity requirements under 
certainty and constant demand growth are surprisingly light. Consider, for example, 
a situation in which capacity can be staggered (as in Fig. 18.3) and, for example, a 
constant marginal storage loss of 7 %, an annual net-demand growth of around 
1.5 %,19 and that new investment adds around 20 % additional capacity. Under this 
scenario a new lumpy investment is required after around 11 years and the water 
storage would peak at around the 5th year at less than 30 % of a year’s aggregate 
demand.20

This requirement is small compared to the storage capacity of many urban cen-
tres that have large variance in supply; for example, Sydney’s storage capacity is in 

18 Recently Abrams et al. (2012) estimated the short-run retail price elasticity of demand to be 
−0.05 for Sydney Water customers. The bulk water price elasticity would be lower in magnitude. 
However, using this price elasticity and a price growth of 10 %, the effect of price increases would 
be to dampen consumption growth by <0.5 % of unconstrained growth.
19 For example, annual population growth in major urban centres in Australia is forecast to be 
around 1.5 % (see WSAA 2010). In general, per capita use of water will also tend to increase with 
rising incomes.
20 This is estimated using a simple numerical simulation. Due to staggering of investment, initial 
demand is set at 90 % of capacity.
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excess of 4 years of consumption. Whereas storage capacity is also needed to 
 manage uncertainty, as discussed below, the large size of the storages suggests that 
the storages may be used to help smooth over the problem of lumpy investments. In 
locations where supply variability tends to be smaller (such as in England), storages 
are also smaller and the potential for smoothing appears less.

2.3.2  Introducing Uncertainty

For the purposes of examining supply uncertainty,21 we assume the objective is to 
maximise the expected net benefit of water provision.

With this assumption, the introduction of variability and uncertainty makes little 
modification to the optimal pricing rule. While water is stored, the SRMC of water 
is equal to the opportunity cost, which is the expected present value of water in the 
future less the marginal costs associated with storage.22

Under uncertainty, the current price can be expressed as a function of the 
 likelihood of different price scenarios in periods beyond the next period. Thus under 
this pricing rule, the SRMC of water, and thus the price of water, will depend on the 
expectations of demand and supply in future periods in addition to current level of 
water supply. For example, as the likelihood of a drought occurring increases, the 
expected future price will increase and require an increase in the current price. 
Similarly, prices would drop following a large fall of rain that significantly increased 
water stocks. All else being equal, the SRMC would shift positively with expected 
changes in current and future demand, and negatively with expected changes in 
 current and future supply.

Numerical methods can be applied to estimate a pricing path that maximises a 
welfare objective, or, for example, ensures private return on investment.23 
Assumptions are required on the distribution of supply outcomes, cost of further 
investment, and the flexibility of demand and supply.

As has been demonstrated (Grafton and Ward 2011), the optimal pricing path can 
vary significantly over time as conditions change. The presence of uncertainty thus 
requires flexibility in pricing (and thus consumption) in response to uncertain 
 outcomes. This is a key point of difference between pricing under certainty and 
uncertainty.

Another critical difference under uncertainty relates to the expected pricing path. 
Under uncertainty there is a risk that storages run out before new capacity can be 
installed. The cost of the short-term supply options may be significant, reflecting a 

21 Demand variability may be treated in a similar fashion. However for simplicity we restrict our-
selves to supply variability.
22 Thus the previous pricing rule can be modified to become E P P r mt t t+ = +( ) −( )1 1 1/ , where 
Et denotes the expectation at time t. We might more formally express the expected future price 
E Pt t+1  as a weighted average of prices that would occur in different states Θi,t with different 

probabilities φi,t
. That is, E P Pt t

i
i t t+ += ∑1 1ϕ Θ, ,| i t .

23 For example, Grafton and Ward (2011) use a stochastic dynamic programming method to esti-
mate a dynamically efficient water prices for Sydney to maximise consumer welfare.

18 Managing Water Variability Issues



394

convex short-term supply curve as illustrated in Fig. 18.2. Thus, under worst-case 
scenarios, the price may escalate significantly to balance demand with available 
short-term supplies. Under the pricing rule above, such future worst-case future 
scenarios will be reflected in the current price.

A further implication is that in almost all circumstances (barring this worst-case 
scenario), some level of buffer stock of water will be held, even as new (excess) 
capacity comes on-line. While a stock of water remains, prices between periods are 
linked and there would be no discrete shifts in the water price.

For a given level of demand, there will be an optimal level of buffer stock held in 
storage. All else being equal, we would expect that the level of buffer stock would 
increase with greater demand, greater uncertainty (in supply or demand), and reduc-
tions in or delays in the production of other supply sources. Furthermore, pricing 
would respond to the level of water stocks; if the stock is low, prices would increase 
to depress demand until stocks begin to rise (and vice versa).

The typical price path under uncertainty varies appreciably to that when there is 
certainty. Under uncertainty, the current price will reflect the discounted (for storage 
loss and financial discount rate) weighted average of these future price outcomes. Due 
to the convex shape of short-run supply, the set of future price scenarios will also be 
convex; that is, a reduction in supply will have a greater impact on price than a similar 
increase in supply. The convex nature of the price outcomes means that the expected 
price is greater than the median price, with the result that, despite the discount factors, 
the optimal price under average conditions may hardly move from one period to the 
next.24 Furthermore, the nature of many storages is often such that they empty slowly 
(due to water use and storage losses) but rise quickly (following a downpour). This 
suggests that rapid price movements will be largely restricted to times when water 
stocks rise quickly from a low level (and thus prices would fall from a high level).

Similarly, under uncertainty the impact of new capacity on price will be less 
dramatic. Primarily this will be because the impact of a new supply source will be 
diluted over a long time period; a new source of capacity that comes on-line 
 sometime in the future will impact on future expectations of future supply and thus 
have an impact on current prices. Importantly, the investment project does need to 
be committed to; rather the option of implementing the new supply would have an 
impact on future supply expectations and thus future and current prices.

Governments and/or consumers may also be risk-averse; that is they may value 
stability of prices. In such case they may seek to contract for future supply at pre- 
agreed prices. This would have the effect of reducing the elasticity of demand in 
response to future supply shortages. This in turn would result in higher current 
prices to accommodate these preferences.

24 This can be demonstrated with a simple example. Assume that there are three possible inflow 
scenarios (0.5, 1, and 1.5 units) with equal probability (i.e. expected inflow is 1 unit). Assume 
SRMC pricing is used, and due to the convexity of the price set the future price in these circum-
stances is $4, $2, and $1.2 (i.e. expected value $2.4). Assume also that the combined discount 
factors (1 + r)/(1–m) = 1.2. Then the current price will be $2 =($2.4/1.2) and the future price given 
expected inflows will be $2.
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3  Water Security

Security of supply is a critical issue in urban water management. The thought of a 
major urban centre running out of water is not a palatable one, but, given supply 
variability, one that must be considered.

Despite its importance, the issue of water security is generally not well defined. 
For the purposes of this chapter we define water security ‘as the physical availability 
of supplies to satisfy demand at a given price’.25

Pricing is, of course, a key element of this water security definition. At higher 
prices demand is lower and alternative supplies become available. While raising 
prices can help manage water security by depressing demand and providing incen-
tives for greater supply, this option is hardly used. There are a number of reasons for 
this. In some situations water use is not metered and so pricing is not an option. 
However, even where metering exists there is often large resistance to use pricing to 
help manage shortages.

The lack of pricing flexibility means that during shortages prices will be 
 artificially low and rationing must occur to manage demand. This in turn necessi-
tates central enforcement of rationing and central planning of water security targets. 
When price control and demand restrictions are used, there will be insufficient 
incentive for private investment in augmentation.

The lack of a market means that a central planner is required to set water security 
goals and determine the community’s desire for water security. Goals are typically 
set with reference to a target frequency of entering demand restrictions and target 
levels of water shortage. To inform the community’s desire for security, planners 
have sought to analyse the costs associated with restrictions and survey the 
 community regarding its willingness to pay to avoid restrictions.

An important question in considering reform is whether there is a public interest 
in water security over and above private needs. Prima facie, there is no need for 
government involvement to manage security as private needs for security are 
reflected in the demand for water and considered in the decisions of suppliers. The 
greater the individual demand for private security, the less elastic the demand for 
water and the greater incentive for suppliers to ensure water supplies are available 
during a drought.

However, the need for water security may incorporate public as well as private 
interests – that is, demand for security over and above private demand. The issue of 
public demand for water security is currently masked by the public model of central 
planning for managing water. However if a market-based system is used (in which 
prices are determined by equating supply and demand), the question of public 
 interest in water security becomes prominent.

The determination of security targets is an issue for other important goods. For 
example, it is recognised that that there are public costs of shortages in energy. 

25 This definition is adapted from a similar definition for energy security by Constantini and 
Gracceva (2004).
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Notably, fuel supply shocks can lead to impacts on productivity and employment 
(Constantini and Gracceva 2004).

With regard to water, there are potentially a number of reasons for public  interest. 
First, there are a range of potential external costs associated with water shortages. 
These include potential public health costs associated with using alternative water 
sources, and congestion costs associated with meeting supply.

Second, there are potential failures in the market responding adequately. For 
example, there will be metering challenges if prices are required to move rapidly. As 
has been discussed above, investors may, due to the lumpiness of investments, defer 
investment until after what is optimal for social welfare. Another key concern is that 
firms face regulatory risk – the risk that during a shortage governments may act in 
ways (e.g. by regulating prices) that prevent suppliers from recouping an adequate 
return for their investments. This concern reflects a government’s desire for water 
security; it is hard to imagine that a state would let a major urban centre run out of 
water. Governments may also be concerned about the political implications of 
 escalating water prices.

The extent of the public interest in security depends on the size of the supply 
shock. If the supply shock is small, and thus the associated price impact is small, 
then there would appear to be little interest in public security over private security. 
The extent to which this is the case will depend on the nature of the urban water 
system. In some systems the risk of significant price rises due to severe shortages is 
very low; for example, the risk will be low when there are manufactured supplies or 
a large diversity of supplies. In other systems where supply is heavily dependent on 
a single source, the risk of severe price shocks may be high.

In cases where it is deemed that government intervention in water security is 
required, there are alternative models that might be considered in which the level of 
supply is centrally determined but the requirements are met by markets. For  example, 
governments might contract for a level of security of supply. Another approach used 
in electricity markets is to establish a capacity market whereby a central body deter-
mines a required level of supply (capacity) and sets obligations for participants 
which ensure that the required level of capacity is achieved.

4  Institutional Design

The complexity of investment under uncertainty raises the question of how best 
water supply investment should be governed.

There are a range of potential models.26 Of particular interest to this chapter is 
the extent to which a central planning or markets-based approach can be used 
across the functions of water supply investment and management – functions that 

26 Models also differ significantly in terms of the level of vertical and horizontal (geographic) 
separation, and how functions are allocated across centralised bodies that include ministerial 
responsibility, government departments, economic regulators, and water utilities.
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 incorporate establishing security needs, forecasting and planning, investment selection, 
and the design, build, and operation of water sources.

At one extreme is a purely centralised approach in which all the functions, from 
forecasting and planning through to the design and build, are centralised. Complete 
centralisation is rare; typically some level of market competition is used in 
outsourcing some aspects of build and/or operation functions. Nevertheless, key 
functions of forecasting, planning, and investment selection are commonly centrally 
managed.

While simple in construct, there are a number of issues with the centralised 
 planning approach, which have greater significance under uncertainty. The absence 
of markets necessitates administered pricing. Typically, administered pricing 
involves rigid prices – that is, prices do not fluctuate with changes in supply and 
demand.

A rigid price structure creates a challenge for investment planning when there is 
variability and uncertainty in supply sources. With an administered rigid price struc-
ture, it is more difficult to assess alternatives, as the price does not reflect the true 
value of the resource. In the absence of a price-based analysis, an alternative 
approach is to compare options based on their contribution to ‘yield’ – the level of 
water that may be drawn down while still meeting supply security requirements.

A related issue is that centralised water utilities may not have the motivation or 
the information to consider innovative alternative sources of water. Even when 
 competition exists, the incumbent’s proposed solutions are more likely to be 
selected – because the incumbent has an information advantage over alternative 
suppliers, who may offer innovative solutions not considered by the incumbent.

The problems with a centralised approach raise the question of whether liber-
alised markets might be used. In a market-based approach, prices are determined by 
market forces and reflect changes in supply and demand. Price changes give 
 potential suppliers signals and incentives for investment, which in turn will help 
overcome variability and uncertainty in supply. Suppliers thus undertake their own 
forecasting and planning and make investment decisions based on knowledge of 
their own particular designs and their expectations of future prices.

There are a number of concerns with a market-based approach. These include 
concerns relating to private incentives to invest when augmentations are lumpy 
 (discussed above) and whether these private incentives address security of supply. 
As has been discussed, the presence of storage can significantly mitigate the ‘lumpy 
investment’ issue. However, the security issue is likely to continue to be a factor. 
First, some government involvement is expected in assessments of water security 
and in making corrections when market failures occur. If water security is not 
explicitly addressed, potential suppliers may be hesitant to invest in fear of regula-
tory intervention during shortages. Second is the issue of whether suppliers suffi-
ciently factor in gains from drought pricing. The timing and length of water 
shortages may not follow any known distribution, which in turn may discourage 
investment. For example, investors may be reluctant to finance a project for which a 
profitable return depends on a 1-in-20-year drought.
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Nevertheless, a market-based approach appears possible. In some locations water 
is sourced directly from major river systems where water markets already exist. 
Sibly and Tooth (2008) show how the divisibility of water rights and the durability 
of water mean that a competitive market for urban water could be established from 
a single catchment.

The extent of the benefits associated with market competition will, in large part, 
depend on the nature of water supply investments. A centralised planning approach 
will be most effective when large water supply investments are required (e.g. dams 
and large-scale desalination). In such cases there will be limited alternatives and the 
challenges of selecting investments will be lessened.

There is, however, increasing interest in smaller decentralised water source 
 solutions. Being smaller, they may be more flexible and quicker to develop and be 
more adaptable to the local area. For example, there may be opportunities for greater 
or more effective integration with local water uses, such as provision of water for 
the environment and waste disposal.

5  Conclusion

The availability of storage within urban water networks has important implications 
for managing both supply and investment. In all water networks, efficient  
use requires that price equals SRMC. This means efficient prices will vary with both 
the acquisition of new lumpy infrastructure and supply variability. However with  
storage, excess supply can be accumulated in periods of high inflows for future use, 
thereby helping to reduce the volatility that would otherwise be  associated with 
SRMC pricing.

When water can be stored, the cost of current consumption (i.e. the SRMC) 
reflects the opportunity cost of reduced future supply. A key implication is that a 
pricing rule that encourages efficient use will mean that prices respond to both 
changes in current supply and demand and to expectations of the future. In such a 
way, flexible SRMC pricing can help to manage the problems of supply variability. 
We note that allowing for private trades in an urban water market provides a 
 mechanism by which the opportunity cost of water is reflected in the prices at which 
it is traded.

Pricing also has important implications for managing security of supply. Current 
security of supply policies are generally based on a framework of rigid pricing and 
centrally planned investment. By remaining unresponsive to changes in demand and 
supply conditions, these policies not only create economic inefficiencies but are 
likely to exacerbate the problem of ensuring water supply security. A policy which, 
when flows are expected to be low, raises prices and triggers new investment in 
infrastructure will reduce the likelihood that at some future time water supply 
 available to the community will be unacceptably low. Nonetheless, in order to 
remove or reduce the possibility that an urban area ‘runs out of water’ there is scope 
for a policy to encourage investment in a diversity of water sources, some of which 
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may have relatively high average cost. Allowing for innovative private sector 
 solutions to water provisioning will increase the diversity of water sources, adding 
to the level of water security.

 Appendix

We assume the objective is to maximise the present value of expected consumer 
surplus, which for a given level of capacity is given by:
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where Ct is consumption, Bt(Ct) is consumer benefit, r is the discount rate, and Et 
represents the expectations in period t.

Assuming no restrictions on, or rationing of, consumption, the marginal con-
sumer benefit is equal to the price; that is B Pt t

′ = .
Assume production is given by Kt and that the marginal storage loss is at a con-

stant rate m. Then the change in the amount held in storage (St) is given by:
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with the constraint that end-of-period storage cannot be negative and thus 
C K S mt t t≤ + −( )1 .

Then over a period (t = 0, …, T) that water is stored, it must be that:
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For a given capacity and starting and ending storage, the above equation then sets a 
constraint on Ct. Inter-temporal optimisation requires that the marginal consumer 
surplus from using water is equated over time. That is:
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where λ is the marginal benefit of relaxing the consumption constraint.
Substituting B C Pt t t′ ( ) =  and rearranging gives:
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 The PWSIC LRMC price is determined as the present value of an incremental 
increase in demand. Consider the case of a permanent increase in demand of ΔC in 
time t that results in bringing forward an infinitely lived investment with cost zK by 
a single period (i.e. from period T to period T–1). The PWSIC LRMC price at time 
t is thus:
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Note this relationship depends on the assumptions of a permanent and constant 
demand increase and an infinitely lived asset.
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Chapter 19
Volumetric Water Pricing, Social Surplus 
and Supply Augmentation

Quentin Grafton, Long Chu, Tom Kompas, and Michael Ward

Both cost and output have time dimensions, and both may be 
subject to uncertainty… cost analysis which is to be useful in 
decision-making needs to be historical dynamics, not 
comparative statics.

Ralph Turvey (1969, p. 287)

1  Introduction

Many of the world’s urban centers have increasing populations and are close to their 
capacity to deliver residential water (Mays 2009). In locations such as the US South 
West, Spain and Southern Australia, the problems of meeting water demands are 
compounded by extended periods of low inflows into catchments and dams. 
Responding to this challenge involves balancing supply and demand over time and 
in ways that account for weather variability and the costs of supply augmentation.

Both non-price demand measures and dynamically efficient residential water 
pricing can help balance urban water supply and demand. While some non-price 
measures are effective at managing the quantity demanded by households (Michelsen 
et al. 1999), quantitative water restrictions are not welfare maximizing if they pre-
vent the equalization of the marginal benefits of restricted and unrestricted water 
uses within households or the equalization of marginal benefits across households 
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(Hirshleifer et al. 1960, pp. 36–41).1 Volumetric water pricing that fails to consider the 
effects of current prices on future quantity demanded and the decision of when to 
augment supply can also generate long-term welfare losses if it results in premature 
supply augmentation. By contrast, with dynamically efficient pricing it is possible to 
postpone investment in supply augmentation (Riordan 1971b; Gysi and Loucks 1971; 
Riordan 1984; Grafton and Kompas 2007) to the benefit of water consumers.

We address the problem of balancing supply and demand for urban water by 
deriving dynamically efficient volumetric prices for residential water using stochastic 
dynamic programming. In particular, we calculate efficient volumetric prices that 
account for weather variability; the costs of supply augmentation; and the quantity 
demanded using stochastic dynamic programming and supply, demand and pricing 
data from Sydney, Australia.

Until now, as far as we are aware, no one has modeled the dynamically efficient 
urban water price using actual consumption, supply and weather data from an urban 
center and for an actual supply augmentation. Our value add to the literature is not 
to show that dynamically efficient pricing is welfare enhancing, which is well 
known, but to indicate the likely size of the welfare losses in present value terms 
from premature supply augmentation in Sydney, Australia. The contribution is to 
estimate the present value of welfare losses from a supply augmentation that became 
operational in 2010 by calculating dynamically efficient volumetric prices with a 
net revenue constraint. The results from our modeling are important because 
globally investments in water infrastructure and supply augmentation are in the 
multiple of billions of dollars per year. Thus, if water utilities and water price regu-
lators were to adopt a similar framework and analysis to what we use they might 
avoid premature investment in supply augmentation and, thus, generate potentially 
large welfare gains to water consumers.

In the following section, we review the theory and practice of efficient water pricing 
and explain why it is important to account for uncertainty in water supplies when 
setting the dynamically efficient price. In Sect. 3, we describe the problems with the 
regulatory pricing system employed in Sydney, Australia and its implications for the 
decision to invest in supply augmentation in the form of a desalination plant.

In Sect. 4, we use stochastic dynamic programming to determine the dynami-
cally efficient volumetric price under a constraint that the water supplier continues 
to receive its existing net revenues from water sales and that these net revenues grow 
at a rate equal to the population increase in Sydney.2 Our model generates a 
 dynamically efficient volumetric price given the net revenue requirement that 
existed for the water supplier when the supply augmentation decision was made. 

1 Hirshleifer et al. (1960, p. 41) correctly noted more than 50 years ago that “…consumers served 
under identical cost conditions should be charged equal prices and the commodity should be sup-
plied and priced in such a way that the price for each class of service should equal the marginal cost 
of serving that class.”
2 In 2008, the net real revenue requirement was approximately A$ 690 million dollars ($1.65/
kL–$0.30/kL) *1.4 billion liters/day*365 days without the desalination plant. This amount is 
allowed to grow at 1 % per year in real terms or at a rate equal to the assumed population increase 
of Sydney over the programming horizon.
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We calculate the net present value of the change in social surplus, including the 
desalination construction costs, with the supply augmentation that became 
operational in 2010 and compare volumetric prices, with and without supply 
augmentation, from 2008 to 2030 under two weather realizations. In Sect. 5 we 
discuss the general implications of our approach for optimal urban water supply 
augmentation and provide conclusions.

2  Efficient Water Pricing

The standard economic prescription for water pricing is to set the volumetric price 
of water equal to the marginal cost of supply, including all internal and external 
costs. Where marginal costs differ for groups or classes of users as a result of 
locational differences or level of service then the price charged should also differ by 
customer group (Hirshleifer et al. 1960, pp. 40–41).

Implementing marginal cost pricing for residential water consumers poses a 
number of challenges. Typically, marginal cost that is based on current water supply 
capacity is called short-run marginal cost while marginal cost that is based on 
augmentation to existing capacity is defined as long-run marginal cost. Although 
both types of marginal cost are well defined in a static framework, with a fixed 
capacity constraint, this is not the case if both supply and demand are variable and 
uncertain.

Methods have been developed to calculate the marginal costs associated with 
incremental increases to capacity (Turvey 1976), but these approaches assume no 
uncertainty in future supplies or homogeneous and infinite supplies of unprocessed 
water (Swallow and Marin 1988). If marginal cost is calculated on the basis of 
augmented capacity, however, then when this increased capacity is triggered, which 
depends on optimal volumetric pricing and uncertain future inflows to water catch-
ments and storages, determines the actual cost.

2.1  Volumetric Prices and Supply Augmentation

The existing literature has long recognized the importance of pricing water to 
account for the costs of supply augmentation and that postponing investments  
in new capacity can be cost effective (Riordan 1971a, b; Gysi and Loucks 1971).  
In particular, Dandy et al. (1984) calculated the optimal time to augment water  
supply capacity in a hypothetical-deterministic setting with endogenously derived 
volumetric water prices while Timmins (2002) showed that if the volumetric price 
is set at level below marginal cost of supply, as practiced in some western US water 
utilities, there is a loss of social surplus from the too rapid extraction of water from 
aquifers. To account for differing marginal cost of supply, Renzetti (1992) proposed 
peak load pricing for municipal water prices whereby the price equates to long-run 
marginal cost at peak demands and to short-run marginal cost in off-peak periods.
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To price water efficiently does not just depend on the cost of supply augmenta-
tion beyond the current capacity constraint which is typically how long-run  
marginal cost is calculated by water utilities. In addition, efficient pricing along 
with any non-price water conservation measures, should account for the variability 
over future inflows into existing storages and consideration of the possibility of 
either delaying or permanently avoiding supply augmentation through higher 
current prices (Riordan 1971a; Gysi and Loucks 1971) and non-price water con-
servation measures. In other words, given uncertainty about future water supply the 
long-run ‘marginal cost’ of supply is not exogenous, but is determined by the current 
and future volumetric water price. This is because the volumetric price determines 
quantity demanded and simultaneously the timing of the supply augmentation, or 
when the marginal cost of the next best incremental supply is triggered.

2.2  Natural Monopoly

A difficulty with marginal cost pricing is that many urban water suppliers are natural 
monopolies such that the average cost is decreasing in the amount supplied. Consequently, 
the short-run marginal cost pricing rule will not provide the water supplier with suffi-
cient revenues to cover costs unless there is also a fixed cost component to the water 
tariff, or some subsidy paid to the water supplier. This problem is well recognized and, 
for this reason, almost all urban water utilities that impose volumetric water prices on 
consumers have a two-part tariff that includes a fixed charge component.

Setting the volumetric charge equal to the ‘marginal cost of supply’ and estab-
lishing the access fee at a level that allows the water supplier to break even is called 
the Coase Result (Coase 1946) by Train (1991, p. 197). According to Train (1991) 
it is a first-best short-run pricing scheme provided that the demand for water supply 
access is independent of the access fee. If, however, the demand for water supply 
access depends on the access fee then a first-best short-run pricing rule would be to 
set the access fee equal to the marginal cost of access and the volumetric price equal 
to the marginal cost of the volume of water supplied at the existing capacity. In this 
case, the water supplier would operate at a loss if it is a natural monopoly, and a 
second-best or Ramsey (1927) pricing rule may be considered. The Ramsey pricing 
rule, in theory, should set the price of the access fee and the volumetric price to 
account for the elasticity of demand of both the access charge and volumetric usage.3

3 In the case of zero cross-price elasticities the price (access fee or volumetric charge) is raised 
more for the good that has the lower price elasticity of demand (Baumol and Bradford 1970). 
Where cross-price elasticities exist these should be subtracted from the own-price elasticities to 
account for the effect of one good’s price on its demand net of the effect of the price change on the 
other good. Two possible services for which this might apply in the case of water consumption 
would be energy and water services where a rise in the water price may influence electricity con-
sumption via the effect on the use some appliances (such as washing machines).
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2.3  Block-Rate Pricing

An increasing block-rate pricing structure, as applied in many US cities, has been 
proposed because it promotes water conservation by imposing a higher marginal 
price on consumers who use the most water. Apart from being inefficient in that 
water consumers incur different marginal prices from water that has the same mar-
ginal cost, empirical studies indicate that the number of people in a household 
increases water consumption (Hanke and de Maré 1984; Lyman 1992). Consequently, 
with an increasing block tariff price structure large and poor households, who may 
have little discretionary water use, may pay a higher price for water than small and 
high-income households (Bithas 2008; Dahan and Nisan 2007). Whether or not 
high water users are worse off with an increasing block tariff relative to a uniform 
water price depends on whether scarcity values are included in the volumetric price 
charged to consumers. When scarcity-inclusive uniform prices are charged, low-
income households may prefer a uniform scarcity-inclusive price rather than an 
increasing block tariff (Griffin and Mjelde 2011).

2.4  Regulated Prices

If water utilities and pricing regulators set volumetric water prices based on existing 
supply capacity then the prices charged to consumers are, typically, equal to the 
annualized cost of providing the most recent realized supply augmentation. If prices 
are determined on the costs of augmenting future supply then customers are, typi-
cally, charged the annualized supply cost associated with the next cheapest source 
of supply. In both cases, an allowance is given to account for operating costs and 
also the cost of the infrastructure or capital to deliver water to consumers.

In many jurisdictions the water supplier is either publicly owned and/or there are 
pricing rules imposed on private operators to protect water consumers from the 
abuse of market power. To avoid the misuse of market power there is sometimes 
contestability over which entity should be the designated water supplier. When 
access to the water distribution system is not preferentially assigned at a lower cost 
to an incumbent supplier, such as in France (Nauges and Thomas 2011), alternative 
suppliers can compete for long-run contracts of supply based on the existing 
distribution network. The use of private concessions to deliver water supplies is, 
however, not without its challenges (Lobina 2005).

In most countries water suppliers are regulated so that they are unable to charge 
their water consumers more than a given price or set of prices. In some cases, water 
suppliers are obliged to conform to a ‘zero profit’ constraint that prevents them from 
raising their prices in periods of drought if their costs have not increased (Howe 
2005). While inefficient (Hirshleifer et al. 1960), many jurisdictions also impose 
‘postage stamp’ pricing or a spatially uniform price regardless of differences in 
supply or delivery costs.
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3  Regulatory Water Pricing: Sydney, Australia

Sydney is Australia’s largest city with over four million residents. Its principal 
water supply is sourced from 11 dams that have been built in catchments west of 
the city. Water is delivered to households via a distribution network operated by 
a single supplier, the Sydney Water Corporation (SWC), which is a state-owned 
corporation that provides dividends to the Government of New South Wales.  
The maximum price that can charged by the SWC to its water consumers is set 
by the Independent Pricing and Regulatory Tribunal (IPART) of New South 
Wales that also sets the prices of energy and public transportation. To date, the 
maximum regulated volumetric price set by IPART has been the actual price 
charged by SWC.

Typically, IPART provides a determination of the maximum residential water 
prices in Sydney over a 4-year period. Maximum prices are set for both the access 
fee and the volumetric prices. Over the 2008–2012 period, coincident with the con-
struction of the desalination plant, IPART allowed for a more than a 30 % increase 
in real terms in the average water bill of Sydney households. Almost half of this cost 
increase compensates SWC and its partners for the operating costs and annualized 
capital costs associated with a desalination plant that became operational in February 
2010.4 This desalination plant has a capacity to produce about 250 ML/day, about 
15 % of Sydney’s annual water consumption. The desalination plant cost A$ 1,918 
million in 2008 dollars (IPART 2008) to establish and to construct.

IPART’s price setting rule is to establish the maximum volumetric price equal to 
what it considers to be the long-run marginal cost of supply. To calculate this price 
it uses an Average Incremental Cost Method for what it considers to be the next best 
available supply augmentation. What IPART calls long-run marginal cost includes 
an allowance for the cost of the capital to construct the plant and its operating costs. 
A stylized representation of how it calculates the volumetric price charged to water 
consumers is given below:

Average IncrementalCost
Least cost investment toequatedemandan

=
ddsupply

Incremental output fromcapacity expansion kL
.

$( )
( )

IPART’s regulatory pricing is typical of the procedures employed in other parts of 
Australia, and also in other countries (Howe 2005). It claims to base its pricing on 
long-run marginal cost. There is, however, no single or unique long-run marginal 
cost as claimed by IPART because it depends on the highly variable inflows of water 
into Sydney’s catchments and dams (Grafton and Kompas 2007).

Sub-optimal volumetric pricing generates other welfare costs beyond investing 
in supply augmentation at appropriate scale or time. This is because to help balance 
current demand and supply with volumetric prices that are too low, and prior to any 

4 The announcement to build the desalination plant was made on 18 July 2007.
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supply augmentation, water rationing in some form is typically imposed. In the case 
of Sydney, mandatory outdoor water restrictions were imposed on residential house-
holds in terms of how water could be used outdoors, at what times, and for what 
purposes. Rationing water with mandatory water restrictions was effective at 
reducing water demand. Nevertheless, water rationing resulted in estimated aggre-
gate welfare losses equal to about A$ 250 million in 2008 dollars in 2004–2005 
relative to a volumetric price that would have ensured the same level of demand 
and remitted revenue (in excess of supply costs) back to consumers in the form of 
lower access fees (Grafton and Ward 2008).

Before the decision was taken to build the desalination plant, IPART’s regulated 
water prices did not include a scarcity component for the water in Sydney’s dams 
despite the fact that Sydney had been suffering from a drought for about 3–4 years. 
As a result, the regulated maximum price and the price charged by SWC, was set at 
too low a level because a dynamically efficient price would have included a scarcity 
component. Consequently, the less-than-efficient price set by IPART had the effect 
of bringing forward the supply augmentation because the quantity demanded was 
greater given that IPART’s price was lower than the efficient price. After the deci-
sion was made to invest in supply augmentation, the volumetric maximum price set 
by IPART included an allowance for the incremental costs (operational and fixed) 
associated with the desalination plant and became incorporated in IPART’s price 
determination.

The key difficulty with IPART’s pricing is that it fails to account for water supply 
uncertainty associated with variable inflows into Sydney’s catchment and water 
storages. Inflow data indicates that the catchment has periods when inflows are 
below average for extended periods of time, and periods when the volume of water 
in storage can increase substantially following a major rainfall event.5 The historical 
inflows into the catchment should be included in an economically optimal decision 
as to when to invest in supply augmentation and also the volumetric price charged 
to water consumers. For instance, if the historical inflows indicate that there is a 
high likelihood that a major drought will occur in the following 12 months, it may 
be economically efficient to raise the volumetric price and reduce the quantity 
demanded to balance it with current supply rather than prematurely invest in expen-
sive supply augmentation.

Under current water metering in Sydney the price can change only once every 
quarter, but the practice is to change the price only once per year consistent with 
IPART’s price determination. Smart meters that would allow households to observe 
their consumption by outlet and for the water utility to adjust prices to consumers 
instantaneously are not currently used in Sydney.

5 For instance, based on historical inflow data from 1997 to 2007, 35 % of inflows occur in just 5 % 
of the months. In the month immediately preceding the announcement to build the desalination 
plant, water storages in the Sydney catchment increased from 37 % to 57 % of full capacity.

19 Volumetric Water Pricing, Social Surplus and Supply Augmentation



408

4  Dynamically Efficient Water Pricing: Sydney, Australia

To calculate the economically efficient volumetric prices charged to Sydney house-
holds and the consumer losses associated with actual supply augmentation we use 
stochastic dynamic programming (Loucks and van Beek 2005; Ross 1983). This 
allows us to calculate volumetric prices that include a scarcity component and also 
account for the variability of inflows into Sydney’s water storages prior to the deci-
sion to invest in desalination.

Ideally, the dynamically efficient water price should be set in accordance with 
the billing period which, in the case of Sydney, is quarterly. To provide a valid com-
parison to the actual volumetric price which is changed only annually we also 
impose an annual price change. To the extent that dam levels can change substan-
tially over a quarter there could be additional welfare gains from quarterly rather 
than annual price changes.

The dynamic optimization problem we solve maximizes the expected present 
value of the total or aggregate social surplus (SS) from residential water consumption 
in Sydney over a 100 years planning horizon subject to an operational constraint 
that the water supplier receives a minimum amount of real net revenue sufficient to 
cover fixed costs and depreciation. Social surplus is defined as consumer surplus 
(CS) from water consumption less the marginal cost of the supplied water. Over the 
planning period the real net revenue constraint increases at a rate equal to the growth 
in Sydney’s population, projected to be 1 % per year.

4.1  Model Specification

The state variable (st) is the amount of water in Sydney dam storage that is currently 
available for consumption and is defined by Eq. 19.1:

 
s s I W d O s Dt t t t t+ = + ( ) − − ( ){ }1 min ,

 
(19.1)

where for period t, I(.) are dam inflows that are dependent on weather realizations 
Wt, dt is the dam water supplied to Sydney’s residents, D is the total dam capacity 
within the Sydney catchment and O(st) is the quantity of water evaporated or 
released from the dams that equals total environmental releases from the dams (R) 
plus evaporation Ev(st). All parameters and their assigned values are provided in 
Table 19.1.

The household water demand function for Sydney uses price elasticities of 
demand taken from a study undertaken for SWC by the Centre for International 
Economics (2010, p. 82). Total quantity demanded is decomposed into two parts: 
indoor and outdoor water quantity demanded each of which has a different price 
elasticity of demand as per Eq. 19.2:

 
q p A p A p( ) = +− −

1 2
1 1ε ε

 
(19.2)
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where the time subscripts are dropped for convenience, q and p are, respectively, 
household water consumption and the volumetric price charged to households in 
period t, A1 and A2 are parameters for indoor (1) and outdoor (2) water demand, and 
ε1 and ε2 are the price elasticities of demand for indoor and outdoor household water 
consumption.

To determine the net benefits of the Sydney desalination plant, we first calculate 
a baseline scenario that includes as water supply options only the water in Sydney’s 
dams plus the option of a backstop technology (see Appendix). The dynamic opti-
mization problem is to maximize the sum of the present value of the total social 
surplus in all years over the planning horizon if household water consumption from 
Sydney’s dams and the backstop water each year (and consequently the volumetric 
price) are optimally determined.

Table 19.1 Model parameters: definitions and values

Parameter values Explanation Sources

D = 2.6*106(ML) Dam capacity CIE (2010)
cd = 0.3*103*10−6(mil$/
ML)

Marginal cost of supplying dam 
water is $0.3/kL

CIE (2010)

cu = 0.6*103*10−6(mil$/
ML)

Marginal cost of desalination 
water is $0.9/kL

CIE (2010)

cb = 30*103*10−6(mil$/
ML)

Base-case marginal cost of water 
soured using backstop 
technology is $30/kL

Authors’ estimate

R = 44*365(ML) Environmental release (44 ML/
day) is a minimum required.

CIE (2010)

ε1 = 0.216 1 % increase in prices → 0.216 % 
decline in indoor quantity and 
0.59 % outdoor water quantity.  
Outdoor water use is 
approximately 30 %

CIE (2010)
ε2 = 0.59
A1 = 0.0538
A2 = 0.0021

N Number of households  
(1.7 million and grows 1 %  
per year)

Australian Bureau of Statistics

ρ = 0.05 Base-case real discount rate  
of 5 %

Authors’ estimate

T = 100 Assuming the plant, with 
upgrades, lasts for 100 years

Authors’ estimate

I(W) and the distribution  
of W

Dam inflow and its weather- 
dependent distribution

Derived from actual data 
sourced from CIE (2010)

Ev(st) Evaporation from dams 
(calculated using the fact  
that the evaporation in Sydney  
is about 1.733 m per year,  
i.e., approximately 5 % 
evaporation rate)

(http://readyreckoner.nceaprd.
usq.edu.au/evaporationcalc.
aspx) or (http://www.dpi.nsw.
gov.au/archive/agriculture-
today- stories/ag-today-  
archives/october-2011/
calculate-losses-to-evaporation)
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The optimization framework with the desalination plant (see Appendix) is 
identical to the baseline optimization except for an additional control variable 
(ut ≤ M) included for water from a desalination plant subject to a capacity constraint 
given by M (defined as either 250 ML per day or 500 ML per day) and an extra net 
revenue requirement for the water supplier (ER) to cover the annualized construc-
tion cost and the annual maintenance cost of the desalination plant.

4.2  Backstop Technology and Weather Realizations

The backstop technology is included in both scenarios because of the very large 
consumer losses from not having water available to meet Sydney households’ water 
demand, should the dams become empty. Thus, in addition to water available from 
Sydney’s dams and the desalination plant, households are permitted the option of 
accessing water imported from outside the Sydney catchment, but at a much higher 
price. The costs associated with the backstop technology are not known as it would 
require an in-depth economic study of all possible water supply options outside of 
the catchment and could include building water pipelines from other locations or 
shipping water inter-state from Tasmania. The base-case backstop technology cost 
we assume represents a high-end estimate of the cost of supply and delivery of 
water from Tasmania by bulk tankers and is more than twice the estimated cost 
incurred by Barcelona when it imported bulk water by sea in 2008 during a severe 
drought (Burnett 2008). Our analysis is repeated assuming the marginal cost from 
the back-stop supply is equal to half its base-case value.

The solution depends on realization of the weather. We use data based on two 
time periods, a longer and wet period (1919–2008) and a shorter and drier period 
(1969–2008). The data for both were obtained from CIE (2010). The drier the 
period, all else equal, the greater is the net benefit associated with a desalination 
plant because the fewer are the periods where the expensive backstop technology 
needs to be utilized.

4.3  Method of Solution

The welfare effects of the desalination plant are determined by comparing the net 
benefit under the two scenarios (baseline and desalination). We solve the two 
dynamic optimization problems in three stages. In the first step we solve for the 
value function at the end point of the planned lifetime of the plant (t = 100, equiva-
lent to calendar year 2110) using the standard value-function-iteration algorithm for 
a stationary Bellman equation. In the second step, and starting with the value func-
tion obtained from the first step V100(.) we solve the time-dependent Bellman equa-
tion using the backward induction procedure to obtain the value functions at each 
year during the planning horizon (t = 99,….0). At the conclusion of the backward 
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induction process, we obtain two value functions at time t = 0 (i.e., calendar year 
2010), namely V0

baseline(.) and V0
desal(.).

A comparison of the two value functions is sufficient to evaluate the net benefit 
of the desalination plant when it became operational in 2010 or afterwards, but not 
before this date. The decision to build the plant was made in 2007, thus, in the third 
step we go back a further 2 years until 2008, but without the desalination water 
control variable given that the desalination was not yet operational. At the termina-
tion of the three steps, we obtain two value functions, both measured in Australian 
2008 dollars. The difference in the two values is the change in the social surplus as 
a result of the decision to build the desalination plant in 2007.

4.4  Welfare Losses from Premature Supply Augmentation

The sensitivity of the solution of when to optimally build the desalination plant var-
ies according to several factors including the marginal supply cost of the backstop 
technology and historical weather and inflows. Results in present value terms are 
presented in Tables 19.2 (marginal cost of backstop water of $30/kl) and 19.3 (mar-
ginal cost of backstop water of $15/kl) for two possible sizes of the desalination 
plant: the 250 ML/day which is the current capacity of the plant and 500 ML/day 
which is the maximum capacity the plant could be enlarged to, if required.

Two sets of results are provided: a drier and medium-term weather realization 
associated with a shorter period of data (1969–2008) and a wetter weather  
realization associated with a long-term time-series (1919–2008). In all results the 
construction and establishment costs of the desalination plant are fixed at the 
actual cost in A$ of 1,918 million and the cost of increasing the capacity of  
the plant from 250 ML/day to 500 ML/day estimated at A$ 1,020 million (IPART 
2008). The change in social surplus is the difference in the value function with 

Table 19.2 Social surplus and net present value (A$ 2008 million) of the Sydney desalination 
plant assuming the marginal cost of backstop water is $30/kL

Cost and Benefit components 
(million 2007–08 dollars)

Long-term (wetter) weather 
distribution

Medium-term (drier) 
weather distribution

250 ML/day 500 ML/day 250 ML/day 500 ML/day

Construction cost of the 
desalination plant

−1,918 −2,938 −1,918 −2,938

Change in social surplus as a 
result of desalination plant

−2,083 −3,159 −1,283 −3,159

Net present value benefit  
of desalination plant

−4,001 −6,097 −3,201 −4,997

Notes
1. The minus sign before a number implies a net cost or loss
2. Construction and capital costs for a desalination plant with a capacity of 250 ML/day and 500 
ML/day obtained from IPART (2008, p. 218)
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and without the desalination plant, but not including the construction/establishment 
costs of the desalination plant.

The net present value (NPV) of the change in welfare is the sum of the establish-
ment/construction cost of the desalination plant plus the change in the social  surplus. 
The loss in social surplus is a result of the higher price paid by water consumers from 
paying a higher marginal cost of water delivered from the desalination plant earlier 
than is necessary and the associated deadweight loss. The overall welfare loss is a 
greater amount because of the capital costs incurred in constructing the desalination 
plant. In NPV terms under the base case assumptions about the discount rate (5 %) 
and operational life of the plant (100 years), and assuming a drier weather realiza-
tion, the loss in welfare is A$ 3,201 million or an amount per household of about A$ 
1,900.6 Under the wetter weather realization the welfare loss is even greater.

In both weather realizations (drier and wetter) the NPV of the desalination plant 
is negative under the base case assumptions. In the drier-weather realization the 
NPV is greater (or closer to zero) than the wetter-weather realization because 
eventually, in 2061 with an assumed population growth of 1 %/year, it becomes 
worthwhile to operate a desalination plant under the medium-term weather realization. 
Thus, beyond 2061 the benefit of having the plant partially offsets the intervening 
period when the desalination plant generated a negative social surplus. In the wetter 
scenario (long-term weather realization) it is becomes worthwhile to operate a 
desalination plant in 2084.

Figure 19.1 presents, under two different weather realizations, calculated 
volumetric water prices in 2008 Australian dollars per kL that include: (1) the 

6 Taking the estimate of the net present value loss terms of $A 3,201 million (medium-term weather 
realization, a 250 ML/day plant, 5 % discount rate and a 100 operational plant life) and dividing 
by the number of occupied residential dwellings in Sydney of 1.7 million in 2011, the net present 
value of the welfare loss is $A 1,883 per household.

Table 19.3 Social surplus and net present value (A$ 2008 million) of the Sydney desalination 
plant assuming the marginal cost of backstop water is $15/kL

Cost and Benefit components 
(million 2007–08 dollars)

Long-term (wetter) weather 
distribution

Medium-term (drier) 
weather distribution

250 ML/day 500 ML/day 250 ML/day 500 ML/day

Construction cost of the 
desalination plant

−1,918 −2,938 −1,918 −2,938

Change in social surplus as a 
result of desalination plant

−2,547 −4,491 −1,904 −3,583

Net present value benefit of 
desalination plant

−4,465 −7,429 −3,822 −6,521

Notes
1. The minus sign before a number implies a net cost or loss
2. Construction and capital costs for a desalination plant with a capacity of 250 ML/day and 
500 ML/day obtained from IPART (2008, p. 218)
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dynamically efficient price with the desalination plant and net revenue constraint; 
and (2) the dynamically efficient price without the desalination plant including a 
net revenue constraint. The key comparison in Fig. 19.1 is between the dynami-
cally efficient prices with and without the desalination plant. In the absence of 
the desalination plant, water consumers do not need to fund the operating costs 
of the desalination plant nor do they need to incur the annual fixed costs of $111 
million/year (Sydney Water 2011) that includes $15 million for maintenance  
of the plant and $96 million to cover the annualized capital costs that are built 
into the actual price determination by IPART. The saving to Sydney households 
from not building the desalination plant and setting volumetric price efficiently 
is, in real dollars, about $ 0.30/kL using the long-term and wetter weather 
realization.

If there were to be a drier weather realization, and supposing the driest twenty 
years recorded in the weather data in terms of dam inflows became the norm, the 
dynamically efficient water price without a desalination plant would eventually 
exceed the volumetric price with the desalination plant in 2026. Under this driest 
20-years weather realization the water level in Sydney’s dams becomes so low 
that the expensive backstop technology water source is required to satisfy the 
quantity demanded. It is at this point, in 2027, that it becomes economically effi-
cient to operate a 250 ML/day desalination plant. The economically efficient time 
to begin operating the desalination plant under the driest 20 years, the drier 
(1969–2008) and the wetter (1919–2008) weather realizations are provided in 
Table 19.4 under the assumption that Sydney’s population grows at 1 %/year over 
the next 100 years.

Fig. 19.1 Volumetric water prices ($A2008) for different weather realizations
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The results are sensitive to assumptions made about the discount rate and also 
the longevity of the desalination plant. The longer the plant remains operational 
the greater the net benefit of the plant for a fixed construction cost. The influence 
of the discount rate on the results is not monotonic in the case when the life  
of the plant is of a short duration. This is because if the plant has only a short 
duration and is not needed during its operational period then a smaller discount 
rate will reduce its desirability because the benefit of not having the plant  
(a lower volumetric price) further into the future is more highly valued. By con-
trast, when the plant has long operational life a smaller discount rate will increase 
its desirability because over a longer operational life the plant gets used and the 
value of the plant when used in the future is more highly valued with a lower 
discount rate.

Sensitivity results in terms of the NPV of the plant that includes both the social 
surplus and construction costs are shown in Table 19.5 for 250 ML/day plant and 
Table 19.6 for a 500 ML/day plant where the base case values are a discount rate of 
5 % and a plant life of 100 years. Both tables show that under the assumed discount 
rates (2 %, 5 % and 8 %) that the desalination plant generates a negative net present 
value under the two weather realizations should the plant have an operational life of 
50 years or less. In the case where the plant life has an operational life of 70 years 
or more, and for a discount rate of 2 %, the net present value is positive under a 
medium (drier) weather realization. Assuming a long-term (wetter) weather realiza-
tion the desalination plant has a positive net present value if it has an operational life 
of 100 years with a discount rate of 2 %.

Table 19.4 Economically efficient time to start operating a 250 ML/day desalination plan under 
three weather realizations

Long-term 
(wetter) weather 
distribution

Medium-term 
(drier) weather 
distribution

20-year 
driest 
period

Summary  
of climate 
characteristics

Average annual  
inflow (GL)

1186.9 960.8 715.4

SE of the annual  
inflow (GL)

845 604 597

Optimal 
construction time 
and supply level

Year 2084 2061 2027
Number of households  
at the optimal construction 
time (million)

3.55 2.82 2.01

Average supply capacity  
of the dam system  
at the optimal time  
(L/household/day)1

803 790 775

1Capacity is calculated after netting out overflow spill, evaporation and required environmental 
releases. Sydney’s population is assumed to grow at 1 %/year over the entire planning period
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Desalination 

plant’s 

operational life

Annual discount rate

Medium-term T=30 -5,477 -5,283 -5,146

(drier) weather 

realization

T=50 -3,540 -4,717 -4,974

T=70 +727 -3,950 -4,813

T=100 +8,310 -3,201 -4,758

Long-term

(wetter) weather 

realization

T=30 -5,886 -5,507 -5,277

T=50 -4,969 -5,233 -5,209

T=70 -1,882 -4,695 -5,106

T=100 +4,555 -4,001 -5,048

ρ=2% ρ=5% ρ=8%

Table 19.5 Net present value (A$ 2008 million) of the Sydney desalination plant assuming the 
marginal cost of backstop water is $30/kL for different discount rates, plant life and weather 
realizations (plant capacity 250 ML/day)

Notes
1. Shaded cell values represent base case assumptions about the operational life of the desalination 
plant and the discount rate

Desalination 

plant’s 

operational life

Annual discount rate

Medium-term  

(drier) weather 

realization

T=30 -8,372 -8,015 -7,791

T=50 -6,256 -7,436 -7,628

T=70 +267 -6,812 -7,422

T=100 +13,834 -4,997 -7,302

Long-term 

(wetter) weather 

realization

T=30 -8,804 -8,249 -7,926

T=50 -8,003 -8,061 -7,886

T=70 -3,532 -7,306 -7,751

T=100 +7,842 -6,097 -7,653

ρ =2% ρ =5% ρ =8%

Table 19.6 Net present value (A$ 2008 million) of the Sydney desalination plant assuming the 
marginal cost of backstop water is $30/kL for different discount rates, plant life and weather 
realizations (plant capacity 500 ML/day)

Notes
1. Shaded cell values represent base case assumptions about the operational life of the desalination 
plant and the discount rate
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5  Implications and Conclusions

Using data from Sydney, Australia we show that the decision to build a desalination 
plant in July 2007 was taken prematurely. According to our modeling, and under 
base case assumptions (5 % discount rate and 100 operational plant life), the NPV 
from lower volumetric water prices from not building a desalination plant that began 
operation in 2010 and not incurring the plant’s construction cost is worth more than 
three billion dollars in total with a drier weather realization, and more than four 
billion dollars with a wetter weather realization. In large measure because of the 
decision to prematurely build the desalination plant, the regulated volumetric price 
increased by about 50 % between 2007 and 2010. By contrast, with dynamically 
efficient water prices and if the desalination plant had not been built volumetric 
prices paid by Sydney households would, in real terms, average about $0.30/kL less 
than current and projected prices.

A possible explanation as to why the decision to invest in the desalination plant 
was taken in July 2007 by the State Water Minister is that the government, at the 
time, was perceived to not be effectively managing reductions in water storages 
associated with a drought and there was growing animosity about the use of manda-
tory water restrictions in Sydney. By building a desalination plant, sooner rather 
than later, the State government sought to be seen as decisive in its actions and also 
to bring forward the date it could relax its unpopular mandatory water restrictions.

While our model is specific to Sydney, the results are of general interest because, 
as far as we are aware, there are no water utilities or water regulators that have 
implemented dynamically efficient volumetric water pricing or used it to determine 
optimal supply augmentation. Given that global expenditures in water infrastructure 
are estimated to be some $US 75 billion per year, our results suggest that there could 
currently be very large welfare losses world-wide from inefficient volumetric water 
pricing and premature water supply augmentation.
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subject to the water stock accounting rule where the Ew operator specifes the expected 
value over all realization of weather W and the social surplus defined as the net of the 
change in the consumer surplus and the marginal cost of the supplied water, com-

pared to the empty-dam scenario: SS N q p dp d c b c q ct t
p

c

t d t b b

t

b

= ( ) − +[ ] −( )∫ *

where Nt is the number of Sydney households, ρ is the discount rate, cd is the 
marginal cost of supplying water from Sydney’s dams, q* is the quantity of water 
supplied from the backstop technology if there were no dam water, and cb is the 
marginal cost in ML of water supplied by the backstop technology.

 Desalination Scenario Dynamic Optimization Problem
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where SS N q p dp d c b c u c q ct t
p

c

t d t b t u b

t
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 and cu is the marginal cost 

of the desalination water.
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    Chapter 20   
 Governance and Regulation of the Urban 
Water Sector:  Quoi de Neuf ? 

             Walter     Reinhardt      and     Lætitia     Guérin-Schneider    

1            Introduction 

 This chapter examines three broad themes of change in governance and regulation 
which have emerged in recent decades in the urban water supply, treatment, and 
wastewater sector – collectively described here as the ‘urban water sector’. In brief, 
these themes are the  devolution  in management and control, increased  sophistication 
in regulation , and the re-emergence of  social and environmental concerns . 

 The themes of change analysed here are necessarily general, refl ecting the variety 
of forms possible under the particular conditions present in different locations. The 
themes are drawn from observation of the urban water sector in the developed 
world, which we take to be Europe, North America, parts of Asia, and the Pacifi c. 
Examples and exceptions are included where possible. The experience at each location 
differs, refl ecting particular economic, legal, social, cultural, and environmental 
conditions. 

 We provide case studies from Australian and French experience to illustrate how 
the themes of devolution, sophistication, and social and environmental concerns 
have evolved in practice. Through the Australian case studies, particularly that of 
Melbourne in the State of Victoria, we observe an interaction between governance 
change and extreme environmental stress (drought). French case studies provide 
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insight into regulatory evolution in a country with longstanding private sector 
participation. Together these case studies provide an illuminating exploration of 
how these themes have manifested under a variety of institutional, regulatory, and 
environmental circumstances. 

 Our analysis begins with the premise that government has a strong role in direct-
ing the provision of urban water and wastewater services. If its role is not in the 
ownership and management of assets and delivery services, then there is certainly a 
role for government in the regulation of services provided by the private sector. 
More than other network industries such as electricity or telecommunications, the 
urban water network is a monopoly par excellence (Littlechild  1988 ; Abbott and 
Cohen  2010 ). Government involvement ensures that the quantity and quality of ser-
vices provided are socially optimal and meet the public interest (Bozeman  2007 ; PC 
 2011 ). Because water is essential for life, the security and quality of its provision are 
necessary for population health as well as economic development. 

 Although there is an acknowledged role for government in the urban water sec-
tor, changes in what that role is, and how it is performed, are the underlying themes 
analysed in this chapter. The fi rst theme we examine,  devolution , is a trend towards 
reduced direct government ownership, management, and control of water sector 
assets and services. As governance of the water sector has changed, this has neces-
sitated changes in the regulatory tools of government. The next theme,  sophistica-
tion in regulation , examines the evolution of a greater variety and complexity of 
regulatory tools used by governments in the water sector. Overlaying changes in 
governance and regulation, the re-emergence of  social and environmental concerns  
have given new dimensions to the activities of the urban water sector. 

 Particular aspects of the themes contained here can be analysed more compre-
hensively in isolation, and therefore we draw on the scholarly works of others who 
have done so. To explore broad themes in a short chapter it is necessary to only 
outline particular aspects of urban water sector governance and regulation. The cost 
of this approach in terms of details is outweighed by the benefi t of a more integra-
tive perspective. Through analysis and synthesis of these three major themes, we 
will show how the themes interact and attempt to provide a more meaningful under-
standing of each in the context of the others.  

2      Devolution 

 One of the most signifi cant changes in the urban water sector over the past four 
decades has been the reduction of direct government involvement in the provision 
of service .  ‘Direct government’ is used in this analysis to describe elected offi cials 
and the offi ces and departments that directly report to them. 

 We defi ne ‘devolution’ to be the process whereby some or all management and 
control functions are delegated from direct government to other autonomous or 
semi-autonomous bodies. Recipients of delegated functions can be lower levels of 
government, independent government agencies, or the private sector. A strict 
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 interpretation of devolution would imply delegation to a lower level of government 
only (such as that used by Wilkins  2003 ); however we use a broader defi nition that 
includes delegation to external organisations such as privately owned fi rms (‘the 
private sector’) or publicly owned, autonomously managed companies. Most devo-
lution is considered temporary, in that it is either of fi xed term or made under a 
legislative process that can be repealed or amended as desired. 

 Devolution is a distinct and separate process from privatisation, and is a term 
often confl ated with private sector participation. Bakker ( 2010 ) uses a broader defi -
nition of privatisation to describe redistribution of governance to non-state actors; 
this defi nition might approximate our defi nition of devolution if not for the fact that 
we see governance being redistributed to other state actors too. Private sector par-
ticipation in water service provision can be done through contractual arrangements 
without necessarily redistributing governance. As our analysis illustrates – and is 
refl ected in some degree of literature consensus (such as Bel and Warner  2008 ; 
Lobina and Hall  2008 ; and Bakker  2010 ) – the merits of privatisation and private 
sector participation can only be evaluated by understanding their local governance 
and institutional contexts. 

 Two global driving forces for devolution have been the spread of neoliberalism 
and the development of ‘New Public Management’ principles of public administra-
tion. In the late 1970s the neoliberal perspective on the appropriate role and size of 
government in public service provision found political support in both the UK 
(under Thatcher) and the US (under Reagan). There are a multiple strands of neo-
liberal reform that have been applied in varying ways to the water sector, namely 
privatisation, marketisation, deregulation, reregulation, commercialisation, and cor-
poratisation (Bakker  2007 ). New Public Management, as a defi ned approach to gov-
ernment, can be described as adopting principles of compartmentalisation around 
service functions, accountability, arm’s length regulation, competition, and support 
of private sector management styles (Hood  1991 ,  1995 ). 

 Together these global forces transformed conceptions of service provision by 
government and led to signifi cant changes in the size and shape of governments for 
much of the developed and developing world, including of course, government ser-
vice provision in the water sector. Figure  20.1  illustrates a timeline of major institu-
tional changes in the governance of urban water in a number of global cities over the 
period 1980–2010.  

 In practice, the way devolution manifests depends on the initial governance 
framework and the aspects of management and control which are delegated. 
Governance and responsibility for urban water services may be held at a national, 
state, local, or other level of government. Aspects of management and control for 
devolution may be grouped based on a particular process or location (such as the 
operation of a water treatment plant), across a particular system (such as mainte-
nance of the sewerage system), at a particular stage in a project lifecycle (such as 
construction of new infrastructure), or in connection with particular groups or 
interests (such as interfacing with retail customers). Potentially, there is an 
endless variety of functions and processes which can be devolved, separately or in 
combination. 
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2.1     Australian Experience 

 From the earliest times, state and territory governments (or their colonial antecedents) 
have been responsible for providing urban water services in Australia. It was a 
natural consequence that this level of government should concentrate ownership 
and management, since it held constitutional jurisdiction over water resources and, 
at the end of the nineteenth century, it was the only level of government in the 
country with access to suffi cient capital necessary to fi nance construction (Lloyd 
et al.  1992 , p. 13). 

 By the mid-1990s, Australian governments, led by the Commonwealth, were 
focusing on liberalising the Australian economy and increasing productivity. The 
public water boards were among the fi rst agencies of government to be targeted for 
reform. This refl ected the interest in devolving government services and increasing 
competition, as identifi ed by the 1995 National Competition Principles (COAG 
 1995 ). The primary responses were commercialisation, contracting out, and corpo-
ratisation of urban water services (Schott et al.  2008 ). 

  Fig. 20.1    Select examples from global cities of the changes in urban water governance that we 
have described as ‘devolution’. For each of the locations listed the management of urban water 
services has been delegated to other bodies along a spectrum from statutory authorities to privately 
owned companies. The locations shown prior to the start of the timeline (1980) are those whose 
management has not changed       
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 The congenital supremacy of the states and territories over Australian water 
resources has meant that national standardisation and oversight of water sector 
institutional development and reform has been late and light. After the initial 
COAG reform attempts in the 1990s, a diversity of institutional structures still exist 
(Abbott and Cohen  2010 ). A uniform industry structure may not be desirable, but 
there remains much research and industry interest in improving productivity and 
effi ciency through institutional reform and increased competition (Crase et al.  2008 ; 
Schott et al.  2008 ; Dollery and Crase  2010 ). The institutional reform process 
continues today, nearly 20 years on, even as ‘reform fatigue’ shows (McKay  2005 ; 
PC  2011 ). 

 The State of Victoria led Australia in corporatising many government-operated 
services, even in advance of the National Competition Principles. The Kennett 
government passed legislation in 1992 to corporatise the water boards, in a never- 
completed process of privatisation of water retailers (Alford and O’Neill  1994 ). 
The Melbourne and Metropolitan Board of Works (MMBW) was broken up into 
three retail water corporations (South East Water, Yarra Valley Water, and City West 
Water) and one bulk water supply and treatment corporation (Melbourne Water). 
In the legislation underpinning the break-up of MMBW and the formation of 
Melbourne Water, there is explicit guidance that Melbourne Water is not to be an 
agent of the government for contracting purposes, unlike the former MMBW was 
(Government of Victoria  1992 ). 

 The change in Victorian water governance served as a testing ground for reforms 
in other Australian states. Not all Australian states vertically separated bulk water 
supply from water retailing, and some separated waste water from water supply. 
Table  20.1  shows the emergent structural separation of urban water services in vari-
ous Australian capital cities as of 2011. With the formation in 2002 of the Northern 
Territory Power and Water Corporation, all of the Australian capital cities now have 
corporatised water services. Some states have not gone as far as Victoria in corpo-
ratising water services in rural communities, and local government still directly 
provides water services in much of Tasmania, Queensland, Western Australia, and 
New South Wales. Even after a few decades of fl irtation with privatisation, the urban 
water sector in all major Australian cities remains fi rmly within state or territory 
government ownership and (devolved) management (Edwards  2008 ).

   While ultimate ownership, management, and control of water services has 
remained with Australian state governments, a substantial proportion of services 
and capital works has been contracted out to the private sector (Schott et al.  2008 ). 
For the water corporations of Sydney and Melbourne, over 90 % of capital expendi-
ture in 2010–2011 was outsourced to the private sector; over the 2006–2011 period, 
80 % of Sydney Water’s expenditure was for services provided by the private sector 
(PC  2011 , p. 113). The sale of existing state water assets may not have occurred, but 
the private sector has had an increased role in performing a variety of capital works 
on behalf of state-owned water corporations. 

 While general trends of devolution across the Australian urban water sector 
are visible, it is important to note that trends belie actual paths. The temporary 
return of direct government management in the sector is illustrated by the Victorian 

20 Governance and Regulation of the Urban Water Sector: Quoi de Neuf?



428

   Table 20.1    Corporations and government offi ces undertaking functions of urban water management 
in Australian states 2010–2011   

 Jurisdiction  Bulk supply  Water retail  Wastewater retail  Stormwater 

 New South 
Wales 

 Sydney Catchment 
Authority 

 Sydney Water  Sydney Water  Sydney Water 

 Sydney 
Desalinisation Pty 
Ltd (subsidiary of 
Sydney Water) 

 Hunter Water  Hunter Water  Hunter Water 
 Gosford Wyong 
Joint Water 
Authority 

 Gosford Wyong 
Joint Water 
Authority 

 Gosford Wyong 
Joint Water 
Authority 

 State Water 
Corporation 

 105 local water 
utilities 

 105 local water 
utilities 

 Local governments 

 Victoria  Melbourne Water  Yarra Valley Water  Yarra Valley 
Water 

 Melbourne Water 

 13 regional urban 
water utilities 

 South East Water  South East Water  Local governments 
 City West Water  City West Water 
 13 regional urban 
water businesses 

 13 regional urban 
water businesses 

 Queensland  Seqwater  Queensland Urban 
Utilities 

 Queensland Urban 
Utilities 

 73 local 
governments 

 SunWater  Allconnex Water  Allconnex Water 
 Local government- 
owned providers 

 Unitywater  Unitywater 
 71 local water 
utilities 

 71 local water 
utilities 

 South 
Australia 

 SA Water  SA Water  SA Water  Local governments 
 Small local 
government 
providers 

 Small local 
government 
providers 

 Natural Resource 
Management 
Boards 

 Western 
Australia 

 Water Corporation  Water Corporation  Water Corporation  Water Corporation 
 Busselton Water  Busselton Water  Hamersley Iron 

Pty Ltd 
 Local governments 

 Aqwest Water 
(Bunbury) 

 Aqwest Water 
(Bunbury) 

 Some local 
government 
providers  local government 

providers 
 Hamersley Iron Pty 
Ltd 

 Tasmania  Southern Water  Southern Water  Southern Water  8 local government 
drainage trusts  Ben Lomond 

Water 
 Ben Lomond Water  Ben Lomond 

Water 
 Cradle Mountain 
Water 

 Cradle Mountain 
Water 

 Cradle Mountain 
Water 

 Northern 
Territory 

 Power and Water 
Corporation 

 Power and Water 
Corporation 

 Power and Water 
Corporation 

 Department of 
Lands and Planning 
 Local governments 

 Australian 
Capital 
Territory 

 ACTEW  ACTEW  ACTEW  Roads ACT 

  Source: PC ( 2011 , p. 44) (Productivity Commission report), used with permission. With the exception 
of Hamersley Iron Pty Ltd, all listed corporations are government owned; Hamersley Iron is a 
private company that provides water and wastewater services to Dampier, Paraburdoo, and Tom 
Price, Western Australia  
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government’s response to water shortage in Melbourne (see box below). In a near-
opposite response to the same millennium drought, the Queensland government 
vested water resource planning for the most populous part of the state in an indepen-
dent statutory authority, devolved from direct government control (Spiller  2008 ). 
The Queensland Water Commission was created in 2006 near the peak of the 
drought and was abolished in 2013. Its policy and planning roles were then sub-
sumed by the Queensland government’s Department of Energy and Water. 
Centralisation of management across a greater geographic area and range of water 
resources has been a common response to water shortage in Australia (Searle and 
Head  2011 ). However, as these examples show, water shortage does not necessarily 
predicate greater direct government management and control. 

 Governance Responses to a Water Shortage in Melbourne, Victoria 
 The ‘millennium drought’ over south-east Australia was the driest 13 year 
period since modern records began. Starting in 1996, the average reduction 
in annual rainfall was approximately 11.4 % (CSIRO  2010 ). This reduction 
was a major challenge for Melbourne, Australia’s second most populous city, 
as it receives over 90 % of its water from rain-fed catchments to supply an 
average annual urban consumption of approximately 450 gigalitres (GL). 
Historically, these catchments received an average of 590 GL per year in 
infl ows; however, over the 1996–2007 period, infl ows shrank to an average 
of 387 GL (Melbourne Water  2008 ,  2010 ) and the water security of the city 
was threatened (Ker  2009 ). 

 From their creation in 1992 and up until 2007, the Offi ce of Water within 
the then Department of Sustainability and Environment (DSE) had encouraged 
the state-owned, independent water corporations to plan and implement water 
strategies to meet Melbourne’s water demand–supply balance (Melbourne 
Water  2006 ). With the water crisis at hand, and the inadequacy of response 
apparent, the planning and management of Melbourne’s water resources 
were returned to the Victorian Minister for Water and DSE (Searle and Head 
 2011 ). As noted by the regulator, the Victorian Competition and Effi ciency 
Commission ( 2008 , p. 174):

  … responsibility has effectively moved from Melbourne Water and the retailers to 
DSE … This change in roles refl ects a concern that managing the risk of signifi cantly 
reduced water infl ows involves policy choices for which the Government will be 
regarded as accountable. 

   Through return of planning and management functions, the Victorian 
government was able to assert more direct control over water supply planning 
than it had previously been able to do under the devolved governance structure. 
Their policy response was a new water strategy for the region,  Our water our 

(continued)
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2.2       French Experience 

 France has had long experience with private sector participation in the water sector. 
The fi rst concession was introduced in Paris in 1777: King Louis the XVIth granted 
the Périer brothers the monopoly right to construct and operate the fi rst water net-
work to serve houses, not just public fountains. Though this fi rst experience ended 
with bankruptcy (Guérin-Schneider  2011 ), the private sector’s varying participation 
in public water service provision in France had been established. 

 Although they retain ultimate ownership and control, the 36,000 individual 
French municipalities have the capacity to devolve aspects of management and con-
trol to the private sector. The diversity of management forms is high, as illustrated 
in Table  20.2 . In practice, there are a large number of intermediate situations (for 
example, lease contracts –  affermage –  with a concession clause including limited 
investments) where operations and management roles are split between the local 
government and the private sector.

   Contrasting Australian state-level governance of water services, French munici-
palities at a local level have always retained responsibility for the provision of water 
services. However, like in Australia, investment from a higher and more fi nancially 
capable level of government was critical for the construction of the fi rst urban water 
networks, as well as in the recovery following the Second World War, after which 
the French national government maintained a guiding role in water service manage-
ment. For instance, up until 1982, a standardised contract was required by the 
national government for  affermage  contracts between local authorities and the pri-
vate sector. From 1952 to 1986, under an anti-infl ation policy, the national govern-
ment also regulated tariffs, limiting possible increase. In 1982–1983, decentralisation 
laws launched a devolution process, in the sense of giving more responsibilities to 

future: The next stage of the government’s plan  (DSE  2007 ). The 2007 strategy 
contained a number of major supply augmentation projects including 
construction of a new desalination plant and new pipe connections to distant 
catchments. These were to supply an additional 240 GL by 2011 (DSE  2007 ), 
enough to supply half of Melbourne’s existing water needs. The original 
estimated cost of the newly planned supply augmentation projects was A$4.9 
bn, approximately $1,225 per capita, but it is understood that actual costs 
were well above budget. 

 In 2010, 2 years before the desalination plant was due to commence operation, 
Melbourne received its highest rainfall in decades. The desalination plant was 
commissioned in 2012 but has since remained on standby. The decision to 
invest in such a large and expensive supply augmentation has been roundly 
criticised since (Barnett and O’Neill  2010 ; PC  2011 ). 
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local government. 1  From 1983, municipalities became free to tailor their contracts 
and in 1986 retail prices were deregulated. 

 The high number of services shown in Table  20.3  – about 31,000 – is due to the 
extreme fragmentation of French municipalities. Some municipalities can form a 
so-called ‘intercommunality’ to combine their means, such as by sharing operation 
of a combined water network. Conversely, in a given territory, the responsibility for 
water production, water distribution, wastewater collection, and wastewater treat-
ment can be shared among different public authorities. For instance, production 
and collection would depend on two different intercommunalities while the distri-
bution and collection would remain municipal: that would count for four services 
in Table  20.3 . The break-down between global and partial services is given in 
Table  20.4 .

    Three key factors have encouraged private sector participation in the French water 
sector. Firstly, in the short term, contracting with the private sector allows local 
municipalities more fi nancial fl exibility than if they provide the water infrastructure 
or services themselves. Contracting with the private sector allows municipalities to 
transfer the fi nancial burden to an external organisation – and fi nally to water 

   Table 20.2    Management and contracting types for French urban water services   

 Direct public 
management 
( régie ) 

 Public 
procurement 

 Public service 
delegation 
( délégation ) 

 Type of contracts  N/A 
 Management 
contract 

 Lease contract 
( affermage ) 

 Concession 
contract 
( concession ) 

 Approximate duration  N/A  3–5 years  10–12 years  25–30 years 
 Distribution 
of functions 

 Technical and 
commercial 
exploitation 

 Local 
authority 

 Private 
operator 

 Private 
operator 

 Private 
operator 

 Maintenance and 
replacement of 
infrastructure 

 Local 
authority 

 Local 
authority 

 Private 
operator 

 Private 
operator 

 Funding of upkeep 
of infrastructure 

 Local 
authority 

 Local 
authority 

 Local 
authority 

 Private 
operator 

 Owner of the 
infrastructure 

 Local 
authority 

 Local 
authority 

 Local 
authority 

 Local 
authority 

 Payment of the operator  By users  By the local 
authority, 
fi xed part 
with incentive 
remuneration 

 By users  By users 

  Source: Guérin-Schneider et al. ( 2014 ). Used with permission  

1   Law No. 82–213 of 2 March 1982 on the rights and freedoms of the communes, departments and 
regions, followed by other laws in 1983 (No. 83–8 and No. 83–663). 
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customers – rather than borrowing for themselves. This allows local  municipalities 
to improve their debt ratios and preserve more fl exibility to borrow for other public 
service needs and responsibilities. Secondly, through private sector participation, 
municipalities can gain access to the technical skills and organisational capacities of 
large private corporations which may otherwise be lacking in small municipal admin-
istrations. Thirdly, under certain forms of management delegation, private corporations 
may be authorised to collect water rates from retail customers directly. The French 
legal interpretation of water and sewerage as an ‘industrial and commercial public 
service’ encourages true cost recovery, and in practice allows private companies to 
bill water consumers directly rather than relying on municipal governments for payment. 
As long as water use continues to increase, the sector is considered as stable and 
profi table, encouraging the participation of private operators (Lorrain  1998 ). 

 The balance between the different management modes in France has varied over 
time. From the Second World War to the beginning of the 1970s, the  régie  (direct 
public management) was dominant. The delegation of services to the private sector 
became dominant in the water supply sector through to the 1990s as French munici-
palities responded to higher European Union water quality standards by employing 
private sector investment and technical skills. A public outcry during the 1990s over 
increased water prices (in part, a result of implementation of EU water quality stan-
dards) focused on the lack of accountability in private management, which led to 
strengthening of national regulations and the regrowth of  régie  management. 
Despite the return of  régie , the majority of the population still has private sector 

      Table 20.3    French    urban water service management in 2009   

  Délégation  
contract 

  Régie  (direct 
management)  Total 1  

 Drinking water  Number of services  4,470  9,520  13,990 
 Fraction of population served  62 %  38 %  100 % 

 Sewerage  Number of services  4,509  12,847  17,356 
 Fraction of population served  44 %  56 %  100 % 

  Source: Offi ce National de l’Eau et des Milieux Aquatiques (ONEMA) 
 1 Note the total number of services counted in Table  20.3  is less than the services counted in 
Table  20.4  due to a number of municipalities withholding management information  

    Table 20.4    Organisation of technical responsibilities for French urban water services in 2009   

 Number of services  Global service  Partial service  Total 

 Drinking water a   12,335  1,704  14,039 
 Sewerage b   12,843  4,524  17,367 

  Source: Offi ce National de l’Eau et des Milieux Aquatiques (ONEMA) 
  a Global service: production, transfer, and distribution of drinking water 
  b Global service: collection, transfer, and treatment of waste water. A partial sewerage service pro-
vides only some of the elements of a global service  
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provision of water supply (see Table  20.3 ). The composition of urban water services 
is likely to remain dynamic because of increased interest and competition from the 
private sector (Guérin-Schneider et al.  2014 ). 

 While the French have a long history of private sector participation, they have 
only recently used state-owned corporations as a recipient of delegated water ser-
vices. The national government recently enacted law to enable municipal govern-
ments to establish state-owned water corporations (Law no. 2010–559 of 28 May 
2010). The new so-called ‘Sociétés Publiques Locales’ are state-owned companies 
governed under private law. They can operate water or sewerage utilities on the ter-
ritory of the shareholder municipalities and no competition is required (allowing 
municipalities to retain services ‘in house’). As of early 2012, only a few munici-
palities had chosen this form of devolution for water services.  

2.3     Synthesis 

 Devolution of urban water management and operation inherently requires a change 
in governance and institutional confi guration. As we note, the way that this format 
presents itself will depend on the initial governance and institutional forms and the 
aspects of government which are devolved. In our case study of Australia, we iden-
tify this theme from the granting of responsibility for urban water management to 
water corporations. In France, it has come from the national government granting 
more responsibility to local government. 

 Comprised within the process of devolution is the message from government that 
water services are to be made more economically effi cient. The newly created insti-
tutional structures provide incentives for this. Evidence from Australia exists in the 
creation of corporations to provide water services, which are responsible to both the 
Minister for Water and the Treasurer. France, with a long history of private sector 
participation in the water sector, has had in place institutional structures to devolve 
water service provision from direct government in a manner that encourages eco-
nomic effi ciency (through  affermage  or concessions). 

 The nature, extent, and merits of private sector participation as a result of devolu-
tion will depend on the particular circumstances in each location. Using case study 
experience, we fi nd an increased role of the private sector in certain functions of the 
water sector but for different reasons. French municipalities found private sector 
participation politically and technically expedient, whereas Australia has looked to 
the private sector as a means to raise productivity through competition. 

 In observing Australia and France, we note that from different starting points of 
private sector participation in the water sector, both countries have enabled corpo-
ratisation of public water asset operations under private law. The use of corporate 
vehicles for water services has important implications for exercise of government 
control and regulation. This evolution and development is the focus of the next sec-
tion, sophistication in regulation.   
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3     Sophistication in Regulation 

 The second theme we observe is the evolution and increasing sophistication of regu-
lation in the urban water sector. As governments have devolved aspects of manage-
ment and control, there has been a growing need for governments to transition from 
direct control to more nuanced tools for guiding and regulating the provision of 
water services. Describing this move as ‘re-regulation’, Bakker ( 2005 ) takes a nar-
row view of the variety of policy instruments that have been implemented. Another 
conception of this trend is ‘free market environmentalism’ (Anderson and Leal 
 2001 ), but again this takes a skewed, market-based, view of policy innovation. Our 
view of sophistication in regulation sees it as a broader attempt by governments to 
achieve political and community desires through alternative means of infl uence. 

 Part of the evolution of infl uence is a re-conceptualisation of ‘regulation’ in the-
ory and practice. The cleaving of policy making, service provision, and regulation 
was a feature of New Public Management, an effort to make public service and 
monopoly provision more accountable and transparent (Hood  1991 ). It has been 
pithily described as the separation of ‘steering’ from ‘rowing’ (Osborne and Gaebler 
 1992 ). In legal terms, regulation has been defi ned as “a government activity    that is 
intended to affect directly the behaviour of private sector agents in order to align 
them with the ‘public interest’” (Chang  1997 ). However, as shown in subsequent 
sections, the recipient of regulation may be a state-owned entity incorporated in the 
private sector or at a lower level of government. Thus we defi ne regulation as  a 
government activity that is intended to directly affect the behaviour of public and 
private sector agents in order to align them with the public interest . 

 As established in the fi rst part of this chapter on devolution (Sect.  2 ), recent 
decades have witnessed a reduction in direct government management and control 
in the water sector. The perception of direct or sole government control in the opera-
tions of the urban water sector is generally not justifi ed. There are a multitude of 
actors beyond a minister’s offi ce that infl uence the direction and nature of water 
service provision. The instrumental approach to governance and regulation recog-
nises that, beyond direct instruction, there are a range of approaches possible to 
infl uence people and events (Salamon and Lund  1989 ; Gunningham et al.  1998 ). 
Occasionally, we fi nd explicit recognition of policy innovation in water sector oper-
ations, such as in Quebec’s water strategy (Government of Quebec  2002 ). However 
it is policy and regulatory theorists who have provided the framework for analysis. 

 The policy classifi cation framework developed by Freiberg ( 2010 , p. 85) serve as 
a useful foundation for analysing the policy tools applied by governments to man-
age the urban water sector. The policy instruments classifi ed by Freiberg include 
economic, transactional, authority, structural, informational, and legal instruments. 
However, given continued government ownership in much of the water sector, the 
Freiberg policy tool classifi cation system does not consider a government’s ability 
to command, through ministerial direction, state-owned corporations to act (Thynne 
 2011 ). This may refl ect different perspectives on regulation taken by scholars of law 
and of policy. In the analysis here, an additional ‘command’ tool is added to the 
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Freiberg policy classifi cation framework, thereby completing, we believe, the clas-
sifi cation of government policy tools used in the urban water sector. The categories, 
explanations, and examples are listed in Table  20.5 .

   A critical and common feature of the management of water services provided by 
companies governed under private law is the use of contracts. Water companies 
incorporated under private law require the use of contracts, which in turn, defi ne 
relationships in terms of transaction outcomes and expectations. This constitutes 
transactional regulation under the typology we adopt here. However, using contracts 
to integrate public interests (such as equity, fair process, and adaptability) with pri-
vate incentives (such as economic effi ciency) is inherently diffi cult (Collins  1999 , 

    Table 20.5    Government policy instruments for directing water services   

 Class  Instrument and example 

 Command  Direct instruction from minister offi ce or central government offi ce to 
undertake an action using government resources. The instruction in 2007 by 
Hon. Tim Holding, the Victorian government’s Water Minister, for 
Melbourne Water to build a water transfer between the Murray–Darling 
Basin and Melbourne is an example 

 Economic  Actions that create a new market or infl uence an existing market for a good 
or service. An example would be the decision by the Victorian government 
in 2007 to establish a competitive tender for the right to build, own, and 
operate a desalination plant to supply water to Melbourne 

 Transactional  Actions which specify the delivery of service in return for payment, or 
which regulate the form of contract. The former would include government 
grants or contracts for delivery of water services (such as the delivery of 
water from a privately owned desalination plant). The latter would include 
regulating the form and content of contracts between third parties (such as 
requiring Victorian utilities to allow for hardship terms in customer water 
bills) 

 Authority  Actions that grant authority, such as licensing, certifi cation, or permissions. 
As applied to the water sector, French municipalities may grant the right to 
private companies to bill water customers 

 Structural  Policy actions which seek to change the circumstances or environment of 
decision making so to avoid or reduce harm. In this case, structural 
separation may include the institutional separation of water supply 
management from water retail or waste water treatment 

 Informational  Actions which require disclosure of information, either as publicly released 
performance indicators, credit ratings, or delivery of specifi c information at 
specifi c times. The publicly available, national performance indicators of 
France are an example 

 Legal  Legislative action by governments that proscribe specifi c outcomes on 
threat of civil or criminal penalty enforced by courts. This may include 
primary legislation made by governments or the delegation of standards and 
rule-making to other authorities (such as health departments). For the water 
sector, this would include French water quality standards for water supplies, 
on threat of fi ne or civil punishment to the operator 

  Adapted from Freiberg ( 2010 ), and Thynne ( 2011 )  
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p. 305). Global experience in grappling with this challenge has led to innovative 
governance and regulatory forms with intertwined aspects of public governance and 
private property (Godden  2008 ). We note that the French case of  intuitu personae  
(see inset) provides an interesting adaptation. 

 One of the more common means of achieving infl uence, accountability, and 
transparency has been the creation of independent regulatory bodies to oversee cer-
tain water sector functions. As mentioned previously, the urban water sector is a 
natural monopoly and thus warrants government oversight. Governments have 
established external regulators to measure and manage performance in a variety of 
urban water sector functions. Regulators of health and water quality, economic per-
formance and pricing, and environmental standards abound. Many countries, 
regions, and even cities have created regulatory authorities which undertake moni-
toring and regulatory functions ranging from economic performance (Littlechild 
 1988 ) through to public accountability and probity (Lovett  2010 ). 

 The advantage of independent regulation in the water sector is that politically 
motivated decisions and poor performance are reviewed transparently and therefore, 
if unsound, are likely to be avoided or corrected (PC  2011 ). The disadvantage is that 
regulation by independent bodies may be overly burdensome, ineffectual if not 
enforced, and inconsistently applied (NWC  2011 ). For example, the Australian 
Productivity Commission recommended a degree of self-regulation within the 
nation’s water sector because of a lower societal cost than heavy-handed external 
regulation (PC  2011 , p. 295). 

 Descriptions of government attempts to infl uence the urban water sector will dif-
fer depending on location and government priorities. The use of the policy instru-
ment typology in Table  20.5  gives us a framework to encapsulate the variety of 
approaches found across the developed world. In the next subsections on Australian 
and French experiences, we provide specifi c examples of how governments have 
experimented and developed their policy instruments for management of the urban 
water sector. 

3.1     Australian Experience 

 The complete separation of policy making, service delivery, and regulation is an 
apparent goal of Australian state and territory governments. Much remains incom-
plete, even after 15 years of devolved and corporatised water services. This has not 
necessarily prevented a proliferation of government attempts to regulate the water 
sector, and we use the example of Melbourne Water to show the variety of 
approaches used. 

 Following the corporatisation of the Melbourne Water through the  Water Industry 
Act 1994  (Government of Victoria  1994 ), and subsequent legislative evolution, the 
directors of the water utility are accountable to both the Treasurer and the Water 
Minister. The Minister has the ability to appoint directors and introduce government 
legislation on water matters. Monitoring and regulating the performance of 
Melbourne Water are the Victorian government’s Department of Health, the state 

W. Reinhardt and L. Guérin-Schneider



437

economic regulator (the Essential Services Commission), the state environmental 
regulator (the Environmental Protection Agency), the Commonwealth govern-
ment’s water, health, and environment agencies, the local governments in whose 
area Melbourne Water operates, and, of course, the three Melbourne water retailers 
as customers. Melbourne Water is also required to provide public annual corporate 
and sustainability reports. 

 The creation of property, procedural, or service rights has been used in Melbourne 
as an alternative means of improving water services to residents. Residents can seek 
redress against water retailers through the Victorian Civil and Administrative 
Tribunal (VCAT) and representation from the Energy and Water Ombudsman. The 
Energy and Water Ombudsman was established in 1995, with ongoing funding from 
energy and water retailers in Victoria (EWOV  2010 ). The fi rst modern use of a par-
liamentary ombudsman originated in 1809 in Sweden, but Victoria claims the fi rst 
energy and water ombudsman. 

 In addition to state-based reporting of performance, the National Water 
Commission reports annual performance of water services in Australian capital cit-
ies (NWC  2012 ) and Commonwealth government agencies such as the Productivity 
Commission will occasionally undertake a review (PC  2011 ). These national agen-
cies do not have approval or regulatory power over the investment decisions of state 
governments, but they do provide national public benchmarking and scrutiny.  

3.2     French Experience 

 Similar to the national reporting process in Australia, France has adopted bench-
marking and performance reporting through a national offi ce, based on the  Système 
d’Information sur les Services Publics d’Eau et d’Assainissement  (SISPEA) 
(Information System on Water and Sewerage Public Services). The legal foundation 
of the national offi ce was laid in 2006, but operations did not commence until a few 
years later. The fi rst report was published in 2012 (ONEMA  2012 ). The evolution 
of this offi ce will be detailed in the following section; however, compared to the 
National Water Commission in Australia the performance indicators used are more 
comprehensive in scope (they include economic, social, and environmental indica-
tors) and technically more detailed. Health and environmental regulation occur at 
the  préfet  level, but local municipalities have wide scope to use available policy 
instruments to regulate and infl uence water service provision from external parties. 

 France provides an interesting policy lesson in how governments contract for 
service delivery in a structurally separated water industry under private law. The 
original concept of  intuitu personae  (see inset) recognises that no contract is com-
plete, regardless of the terms submitted in the tender. The personal choice granted 
to the mayor allows for, as a factor in selecting a private partner, their relationship 
and the perception of amenability. Amenability to change in the contract terms is a 
manifestation of the French public service principle of adaptability. Though occa-
sionally tested, these principles have been maintained beyond the advent of neolib-
eralism and New Public Management. 
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  Intuitu Personae  
 The French  intuitu personae  system of public procurement of water services 
from private sector providers is distinct from the many other systems found in 
developed nations. 

 In much of the developed world, public service procurement processes require 
highly detailed tender criteria and contracting agreements where expectations 
and obligations are specifi ed explicitly ex ante (that is, prior to agreement). In 
direct contrast to this, the French employ  intuitu personae  during the tendering 
process, which allows, to some extent, the use of open tender criteria. In effect, 
this gives the mayor of the municipality greater freedom to decide which 
company to contract with. The mayor of the municipality does not need to 
establish tender criteria with the same level of precision as would accompany 
other public procurement processes specifi ed under European public procurement 
legislation. 2  The mayor can choose the preferred private company after a closed 
negotiation phase and provide a public written report afterwards. This process 
developed from the original principles in the French water sector of adaptability 
and trust between government and private companies. 

 In recent decades the  intuitu personae  process of French water service ten-
dering has been subject to increased domestic and EU scrutiny. Following the 
public opposition to water price increases in the early 1990s, a national debate 
on competition and regulation was opened and transparency of contracting 
became the focus. A new national law (the Sapin Law, No. 1993–122) was 
introduced in 1993 to increase transparency in contracting without removing 
 intuitu personae . However, the improvement in competition and water prices 
has not been clear enough to close the debate. If consumers in a majority of 
larger cities obtained better water prices, others, mainly in smaller cities, 
faced price increases. The market has remained oligopolistic with only three 
major private companies, and one-third of tendering processes receive only 
one bidder (Brunet et al.  2003 ; Guérin-Schneider et al.  2003 ). 

 The closed contract negotiation process of French water service tendering 
is likely to be challenged by future European Union directives. In December 
2011, the European Commission 3  proposed a draft directive on concessions 
which would reinforce transparency obligations. The award criteria were to 
be defi ned ex ante, and could not be changed during negotiations. Many 
southern European countries, not only France, were reluctant to accept this 
directive requirement. For the moment, water services have been excluded 
from increased transparency obligations in the directive voted in the European 
Parliament (Directive 2014/23/EU). 

2   Directives 2004/18/EC, 2004/17/EC, and 2009/85/EC. A directive is a European law that all 
member states must adopt in their countries. 
3   The European Commission (EC) is an executive body of the European Union. It is composed of 
one appointed commissioner per member state. 
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3.3       Synthesis 

 Governments across the developed world have been experimenting with alternative 
policy means, beyond direct command and control, for infl uencing the urban water 
sector. 

 As we have noted in this section, the proliferation of policy instruments stems 
from the devolution of direct government management and operation of the water 
sector. Other observers have viewed this proliferation as a consequence of privatisa-
tion and the adoption of free market environmentalism (Anderson and Leal  2001 ; 
Bakker  2005 ), which we disagree with when noting that the same proliferation of 
policy instruments has occurred where governments have delegated responsibility 
to lower levels of government and state-owned corporations. 

 Australian and French case studies are used to illustrate the experimentation 
and policy innovation we see across much of the developed world. It is evident that 
there remain signifi cant challenges and opportunities for development of policy 
instruments to guide the urban water sector. The physical nature and monopoly 
qualities of water service provision have not evolved to the same degree as other 
public service monopolies, such as telecommunications and electricity. Both 
Australia and France have grappled with issues of public interest and private incen-
tives in the context of the water sector and have responded differently. Australia 
states and cities have created a variety of regulators to monitor performance of 
water utilities, but not major supply augmentation decisions, while France has 
employed  intuitu personae  for adaptability when contracting with the private sec-
tor for public water services. 

 Both Australia and France have developed public reporting systems which have 
social and environmental indicators. The following section details the emergence of 
social and environmental concerns which led to this reporting system.   

4     Social and Environmental Concerns 

 The third theme that we identify is the emergence of broader social and environ-
mental concerns. Social concerns are intrinsically present in the water sector, as the 
provision of safe and secure water supplies and sanitation is a major public health 
target (Goubert  1986 ). However, social and environmental concerns acquired a new 
dimension with the growth of international consciousness about sustainable devel-
opment (UN  1992 ) and as a backlash against neoliberalism and its effects on envi-
ronment and society (Bakker  2005 ). This theme emerged during the 1990s in both 
developed and developing nations, although in this analysis we maintain our focus 
on the developed world. 

 Urban water supply is indelibly marked with social concern through its original 
conception as a public health activity (Goubert  1986 ). Social concerns have re- 
emerged more recently in response to broader declines in social equity in western 
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society since the 1970s (OECD  2011 ) and from research and political interest in 
social cohesion. In the water sector this has appeared through calls for greater 
research into social ‘structuration’ of water use (Syme  2008 ) and greater participa-
tion of citizen-consumers in urban water management (Wong and Brown  2009 ). 
Commonly recognised government responses have included the incorporation of 
community consultation in water planning and management, participatory gover-
nance, and attempts to align decision-making scales to catchment scales. The ‘water 
as a human right’ catch-cry has been used to lobby legislatures to embed social 
aspects in water management, with varying success (Bakker  2007 ). 

 Environmental concerns in society at large have emerged from a variety of sources, 
but importantly there has been shared recognition of the problem (particularly at Rio 
in 1992) and a shared understanding of the necessity to act (Dryzek  1997 ). In the 
water sector these concerns have manifested as environmental principles or aspira-
tions, triple bottom line reporting, recognition of environmental services and other 
water ‘users’, technical design features such as water sensitive urban design (WSUD), 
and the allocation of water stocks or fl ows for environmental purposes. 

 When we see concurrent rises in social and environmental concerns, we also 
observe a confl ation of the concerns under broad ambiguous titles such as ‘sustain-
ability’, ‘liveability’, and ‘water sensitive’ cities, designs, or resource management. 
This is not to discount the value of multipurpose infrastructure and programs, but it 
does highlight the formation of coalitions of interest groups agitating for change in 
how water is managed in cities (Bakker  2010 ). Translation of rhetoric into action 
and change in urban water is not as smooth as many would like, although there are 
notable champion cities such as Singapore (Brown and Farrelly  2009 ). 

4.1     Australian Experience 

 Melbourne Water offers a case study of the emergence of social and environmental 
concerns in Australia. The Melbourne water corporations were established in the 
early 1990s without sustainability principles, nor social or environmental goals 
(Government of Victoria  1992 ,  1994 ). Mounting national and international interest 
in environmental and social issues through the 1990s, led by such events as the Rio 
Earth Summit in 1992, allowed a 2002 Australian government senate enquiry into 
urban water to conclude:  …management solutions must also be based on the three 
parameters of environmental, social and economic sustainability  (Commonwealth 
of Australia  2002 , p. xiii) and subsequently included sustainability and urban water 
as part of a nationally coordinated attempt at water reform (Hussey and Dovers 
 2006 ). By 2007 the legislative foundations for Victorian water corporations were 
amended to include these as ‘sustainable management principles’ in operations 
(Government of Victoria  2007 ) which were subsequently translated into corporate 
principles for public water companies. For the directors of Melbourne Water, this 
includes a legal obligation to evaluate actions and report annual performance against 
(social)  relationships, integrated water management , and e nvironmental 
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stewardship , alongside  service delivery  and  fi nancial sustainability  (Melbourne 
Water  2012 ). These principles of operation have been used to justify a variety of 
activities which are not strictly in the provision of water supply and treatment, such 
as school education programs and renovating an 1893 heritage-listed sewer for 
community use (Melbourne Water  2013 , p. 6). 

 Environmental and social concerns have evolved following the millennium 
drought and the election of a conservative state government in 2010. Melbourne’s 
water policy has swung away from large infrastructure solutions and towards decen-
tralised supply under the aegis of water sensitive urban design. A new statutory 
body, the Offi ce of Living Victoria, has been established to oversee water planning 
and policy with the purpose of promoting ‘liveability’. A newly released paper, 
 Melbourne’s Water Future  (OLV  2013 ), proposes changes in stormwater use and 
recycling, building codes, and community participation in the water sector. 

 Competing social, environmental, and economic principles can be a source of 
confl ict for water service providers. In the case of Melbourne Water, the millennium 
drought caused the corporation to choose between retaining water for urban use or 
releasing water for environmental fl ows in the Yarra River. In doing so, the princi-
ples of secure urban water supply and environmental health were brought into con-
fl ict, a challenge noted by other Australian water authorities with similar confl icts 
of policy making and service delivery (WAWA  1995 ). The Productivity Commission 
in their recent inquiry into the Australian water sector has challenged the effi ciency 
of requiring a water service provider to perform these functions (PC  2011 ). In 
essence, this review recommended water corporations retreat from the role of ser-
vice provider (delivering a suite of environmental, social, and economic outcomes) 
to become a focused commodity supplier.  

4.2     French Experience 

 Despite its reputation for centralised and regulation-reliant government policy, 
France has recently started using the national offi ce (SISPEA) for public reporting 
of environmental and social outcomes in the water sector. This comes on top of 
European and national legislation prescribing specifi c technical standards, imple-
mented due to public concerns about the quality of water and wastewater treatment. 
Social concerns about equity of treatment and continuity have been part of public 
law doctrine for a long time. 4  

 France’s response to the rise of environmental concerns deserves an explanation 
of the history of environmental regulation in the European Union. European Union 

4   In France, as in many Mediterranean countries infl uenced by Roman law, public and private sec-
tors are subject to separate legislations (public law versus private law). The doctrine of public law 
relies fi rst on this specifi c legislation and second on the jurisprudence of the  Conseil d’Etat , a 
specifi c court of appeal for public law.  Equity of treatment  and  continuity  are two fundamental 
principles of public law deriving from this doctrine. 
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legislation in the 1980s signifi cantly increased France’s water quality and sanitation 
obligations. As referred to previously, new technical requirements and large invest-
ments led to subsequent increases in the water prices paid by households. Increases 
in water prices provoked large public outcry and debate about water sector regula-
tion through the 1990s. In response to the outcry, the left-wing French government 
planned to introduce a national regulatory authority with coercive powers over 
water services. The main objective was to reduce information asymmetry between 
private operators and local authorities, and to improve local regulation of the price 
and quality of services. The main issue was transparency and pricing, rather than 
environmental outcomes. A proposed national regulator was meant to provide local 
authorities with a national expertise and assist in performance monitoring using a 
range of indicators on service operation, including an environmental dimension. A 
political change in 2002 stopped this project of national regulation coming to frui-
tion. However, the concept of a national offi ce for performance reporting (based on 
SISPEA) was maintained in the 2006 water law. The justifi cation was to create a 
national information and benchmarking system for self regulation, rather than gen-
erate more national regulation. Environmental and social concerns were used to 
justify the reinstatement of public reporting, including performance indicators. The 
reporting was made compulsory at the local level, but the transmission of perfor-
mance indicators to SISPEA remained optional. 

 It is interesting to analyse this shift. The list of publicly reported indicators is 
almost the same as those originally proposed for regulation, but the regulatory sys-
tem (regulation of operators’ performance versus information to users) and the role 
of the national authority (strong support to local regulation versus informing con-
sumers and citizens) has changed. The hybridisation of the two regulatory systems 
(performance regulation by local authorities and sustainability information for 
users) has led to imperfection both in regulation of operational aspects and in 
achieving the desired social and environmental outcomes (Canneva and Guérin- 
Schneider  2011a ). Some publicly reported indicators were selected for the use of 
experts, and thus are diffi cult for much of the public to understand. Local authorities 
are less than conscientious in their data collection for public indicators, and fail to 
see the importance of a national reporting offi ce which does not assist in the enforce-
ment of regulation (Canneva and Guérin-Schneider  2011b ). This frustrated process 
refl ects a disjoint between the two uses of French performance indicators. They 
were established as a tool for regulatory control over operators, but subsequent 
implementation has been as a communication tool to restore the environmental and 
social reputation of operators.  

4.3     Synthesis 

 With the advent of environmental and social concerns in the water sector, Australia 
(as exemplifi ed in the State of Victoria) and France have applied similar information 
regulation and legal tools of government to infl uence the performance of the water 
sector. The French responded with increased public surveillance of water utility 
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function, requiring publication of non-fi nancial performance indicators including 
environmental and social ones. Australia’s state ownership of water corporations 
has enabled jurisdictions to establish requirements, through amendments to legisla-
tion, for water utilities to have environmental and social principles which they must 
report and report on. 

 This chapter has identifi ed a confl ict between inclusion of environmental and 
social goals and goals of effi cient service delivery. This confl ict has been noted by 
previous commentators, particularly from the economic fi eld. We have explored 
different policy instruments that governments have used to promote environmental 
and social performance in the water sector.   

5     Water Sector Governance and Regulation: 
Continuously Fluid? 

 Governance and regulation in the urban water sector is changing in response to a 
variety of factors. This chapter has reviewed three major themes of change over 
recent decades and their respective drivers: devolution, sophistication in regulation, 
and the emergence of social and environmental concerns. 

 Devolution in direct government management and control in the urban water sec-
tor has been a signifi cant and on-going trend. Different initial starting points and 
interpretations have yielded a variety of structural forms and responses. Private sec-
tor participation has increased for a variety of reasons beyond economic effi ciency, 
as French and Australian experience illustrates. 

 The necessary effect of devolution has been the evolution of government instru-
ments for regulating the urban water sector. Rarely can elected offi cials now issue 
instructions for urban water management and operations. A surprising variety of 
government policy instruments are now used to infl uence the provision of urban 
water services by autonomous and semiautonomous bodies. As we argue in this 
section, much of this expansion in the tools of government is due to the provision of 
public services through private law incorporated corporations. The similarly wide 
and varied use of policy instruments in the French and Australian water sectors, 
despite their different levels of private sector participation, validates this point. The 
French use of  intuitu personae  provides an illuminating case of public procurement 
of services from the private sector while attempting to maintain public service 
principles. 

 Environmental and social concerns in the water sector have re-emerged from a 
variety of sources. Integrating these concerns with economic effi ciency and service 
standards has been a challenge for the water sector. We have observed trade-offs 
between such confl icting concerns and obligations in the Australian urban water 
sector. We fi nd the use of sustainability indicators to make up for a lack of a greater 
regulation, as in France, while environmental and social corporate principles have 
been used in Australia to justify water corporation activities that are not strictly for 
the supply of water to urban areas. 
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 Necessarily, this chapter has only been able to outline certain aspects of urban 
water sector governance and regulation. However, by analysing these themes we 
have illustrated how they interact and given a wide integration of the changes in 
urban water sector governance and regulation. For example, we have shown 
how devolution has led to a greater need for, and innovation in, the use of policy 
instruments to guide the provision of urban water services. We have explored the 
evolution of a diverse array of policy instruments in their application to emergent 
social and environmental concerns. This type of analysis is uncommon in the 
context of academic enquiry into the urban water sector. 

 Looking ahead, there are other emerging issues for governance and regulation in 
the urban water sector. Rising costs of energy, impacts of climate change, and the 
necessity to replace aging infrastructure are issues with potentially large impacts on 
the urban water sector globally. We expect that the governance and regulation of the 
urban water sector will continue to be as fl uid as the resource it seeks to manage.     
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    Chapter 21   
 Public–Private Partnerships and Their 
Ownership in the Urban Water Sector 

             Arnaud     Reynaud    

1            Introduction 

 Water services, including sanitation, are essential to life and health, economic 
development, and human dignity. As a result, those services have either been the 
responsibility of the public or the private sector, but in both cases under strict public 
regulation. For a long time, the debate about private participation in the water 
 industry has been limited to the question of privatisation, as was done for example 
in the United Kingdom in 1989. However, in recent years, there has been increased 
interest in alternative organisational arrangements for the provision of water  services 
involving private participation at various levels (Chong et al.  2006 ). Such public–
private partnerships (PPPs) are increasingly being considered viable alternatives to 
the full privatisation of the water industry (Bel and Warner  2010 ). Formally, the 
concept of PPP is not well defi ned within the economics literature, but it refers to 
any kind of contractual arrangement by which a public authority assigns to a private 
operator the fulfi lment of a mission of public interest. 

 As will be discussed in this chapter, across the public and the private parties to a 
contract there are a wide range of PPPs differing in their allocation of decision 
 prerogatives, risks, and revenues. Delivery of water services through PPPs is not 
new. For instance, the fi rst well-documented case of a PPP in France dates back to 
1776 when the city of Paris decided to allocate to “Sieurs Perrier” a 15-year exclu-
sive concession to the water supply system (Duroy  1996 ). Two years later, Louis 
XVI gave the Perrier brothers the exclusive right “to build and establish all facilities 
(pumping machines, pipes, etc.) required to bring water from the Seine to all 
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Parisian districts and suburbs”. The need to have a well-specifi ed contract between 
the public authority and the private operator was already noted at the time. Hence, a 
contractual clause concerning water affordability to the poor households was 
already included in the concession contract: the Louis XVI text stipulated that “The 
Sieurs Perrier must build some water fountains in order to guarantee a moderate 
price for poor households”. 

 In this chapter we propose to summarise the experience of PPPs in the provision 
of urban water and sanitation services. We start by discussing the various forms of 
organisational arrangements between fully public provision of services and  complete 
privatisation. We then discuss the main arguments in favour of PPPs while stressing 
some possible limitations of this kind of organisational arrangement. We then 
 conclude by summarising the empirical literature having tried to establish a link 
between PPPs and performance of water services.  

2     Models of PPP in the Urban Water Sector 

 As mentioned previously, PPPs are not formally well defi ned within the economics 
literature and, in their widest sense, they embrace a variety of possible relationships 
between a public and a private contractor. The concept of PPP refers in fact to any 
kind of contractual arrangement (covering usually a long time period) by which a 
public authority (state, province, city, etc.) assigns to a private operator the  fulfi lment 
of a mission of public interest. 1  The private partner may then bear substantial risks 
and may even raise private fi nance. Its revenue usually derives from a combination 
of public authority payments and user fees. A wide range of contractual forms may 
be adopted by the public sector in establishing partnerships with the private sector, 
ranging from those where there is a high level of public sector participation to those 
where there is very little involvement. 

 Generally, the spectrum of contractual options ranges from “build–own–operate–
transfer” (BOOT) contracts or concession contracts, to management and service 
contracts (see Table  21.1 ). In the specifi c case of the water sector, we can make the 
distinction between the following various forms of PPPs.

   A  BOOT contract  (build, own, operate, transfer) corresponds to a situation in 
which the private sector contractor builds a facility in accordance with a design 
prepared by the public sector. The private sector contractor fi nances the construc-
tion of the facility and legal ownership of the facility rests with the contractor until 
the end of the contract term. The private sector contractor is responsible for  operating 
the facility for the contract term and bears all the fi nancial risk. Sometimes, the 
contract also includes the design of the facilities to be afterward operated (design, 
build, own, operate, transfer, or DBOOT). The private contractor’s revenue can be 

1   Some authors have adopted a more restrictive defi nition for PPPs. Maskin and Tirole ( 2008 ) 
defi ne a PPP as a situation in which the public authority typically engages its partner “both to 
develop the project and to operate and service it”. 
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based on a variety of arrangements, ranging from a fi xed annual fee (i.e., fl at rate) 
to quantity-based pricing (i.e., unit or block rates). This type of PPP is well estab-
lished for the water industry in Italy, Spain, and Portugal. 

 A  BOT contract  (build, operate, transfer) corresponds to a situation in which the 
contractor builds (and sometimes designs) the facility, operates it for a specifi ed 
period, and then hands it over to the public water undertaking in good condition. 
The contractor may not always provide fi nance, in which case he does not own the 
facility as he does in the case of a BOOT scheme. Such arrangements have proved 
popular in Australia, especially for water utilities that do not have a fi nancing 
problem. 

 A  concession contract  is similar to a BOOT contract including the design of 
facilities, except that ownership of the asset remains public. The fi rm has the control 
of operation and management, as well as fi nancial responsibility for investment in 
the expansion and maintenance of water infrastructure. The fi rm generally collects 
fees directly from customers, with profi ts dependent on the effi ciency of water 
 service management. The tariff is defi ned in the concession contract, which also 
includes some rules on how it may be changed over time. Typically, the duration is 
20–30 years. Concession contracts have been used for a long time in the water 
industry in France, and in the late 1980s in the developing world, to attract private 
investment in infrastructure sectors (Guasch et al.  2008 ). 

 A  lease contract  (“affermage”) is very similar to a concession contract except 
that public authorities remain responsible for the expansion and maintenance of 
water infrastructure. Under a lease contract, the private contractor obtains its reve-
nue through the water bills paid by consumers. As a result, the commercial risk is 
shared between the public and the private contractors. Duration is typically 
8–15 years. At the end of a leasing contract, all system assets and non-system assets 
required to deliver the services are handed over to the public water undertaking in 
good repair. Lease contracts are very popular in the water sector in France. However, 
since private contractor revenues come from customer payments, under a lease 
 contract the question of tariff setting is crucial. Lease contracts may require struc-
turing and revising complex price schemes. 

    Table 21.1    Allocation of risks and responsibilities in PPPs   

 Asset 
ownership 

 Operating and 
maintenance 

 Capital 
investment 

 Commercial 
risk 

 Contract 
duration 

 BOOT  Private  Private  Private  Private  20–30 years 
 BOT  Public  Private  Private  Private  20–30 years 
 Concession  Public  Private  Private  Private  25–30 years 
 Lease contract 
(affermage) 

 Public  Private  Public  Public/
private 

 8–15 years 

 Management 
contract 

 Public  Private  Public  Public  3–5 years 

 Service 
contract 

 Public  Public/private  Public  Public  1–5 years 

  Source: Adapted from Walker and Marr ( 2002    )  
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 A  management contract  corresponds to a situation in which the private fi rm 
assumes full day-to-day operational control of a water service. Ownership, invest-
ment in infrastructure, and other capital expenses remain in the public hand. 
Although management contracts generally involve a transfer of managerial respon-
sibility to the private sector, the private contractor does not typically bear much of 
the associated commercial risk. The private fi rm receives a fee (often fl at) for the 
service provided, the fee being in accordance with the conditions laid down in 
the contract. Typical duration is 3–5 years. Management contracts are most likely to 
be useful where the primary objective is to rapidly enhance the technical capacity 
and effi ciency of a utility to perform specifi c tasks. 

 A  service contract  (outsourcing) corresponds to a situation in which only certain 
aspects of the operation of the facilities are delegated to third parties (for example 
the maintenance of the facilities). These contracts generally have a term of 1–5 years. 
The simplest form of service contract involves the payment of a fee for a service 
such as meter installation. Public authorities generally use competitive bidding 
 procedures to award service contracts. 

  Divestiture  and  joint ventures  are another form of possible organisation of the 
water sector involving private participation. Depending upon the author, these kinds 
of arrangements are generally not formally included as PPPs. A complete divesti-
ture involves the selling of all of the public water undertaking to the private sector. 
The private sector then has the full responsibility for operations, maintenance, and 
investment, as well as the ownership of the assets. The role of public authorities is 
then to regulate the private fi rm, in order to ensure that the services provided by the 
private sector meet the expectations of the government and the customers. A typical 
example of complete divestiture for the water sector is the United Kingdom. Partial 
divestitures (sometimes described as joint ventures) limit the sale to a percentage, 
providing the private sector limited ownership and control over the assets. This 
model has been used in Germany and Chile. Partial divestiture is an option that is 
politically attractive, but regulation and the allocation of risks between the private 
and public sectors can be problematic and must be carefully designed. 

 Globally, it is very diffi cult to assess any trend in the use of any specifi c PPP, fi rst 
because no consolidated data at this level exists, and second due to the very strong 
regional specifi cities of PPPs. Hence, PPPs in Latin America have mainly followed 
the concession model, whereas many water PPPs in Sub-Saharan Africa have 
adopted the “affermage” model. If the structure of PPPs in developed countries has 
remained relatively stable over the last decade, two important changes should be 
noticed for low- and middle-income countries. First, whereas for a long time PPPs 
where signed with a few multinational fi rms, in the last decade more than half of 
water PPPs have been contracted by private fi rms originating from low- and middle- 
income countries. Second, the last decade has also viewed the opening of China to 
private participation in water infrastructure and its emergence as the fi rst water PPP 
market among low- and middle-income countries.  
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3     Rationale and Limits to PPPs in the Water Sector 

3.1     Rationale for PPPs in the Water Sector 

 The various forms of PPPs presented in Table  21.1  differ in terms of whether the 
initial investment is undertaken by public or private contractors, what the level of 
involvement of the private contractor is in the management of the water service, and 
the way risks are shared between the two contracting parties. The rationale for using 
any PPP then depends upon the weight put by public authorities on each of these 
three characteristics. 

 The fi rst rationale for using a PPP is based on the idea that the partnership will 
provide both infrastructures and services at a lower cost (Vining and Boardman 
 2008 ). Two main arguments have been proposed to support this cost-effi ciency 
argument. First, private fi rms may benefi t from scale, 2  scope, 3  or learning econo-
mies because they are more specialised, larger, and have more experience in 
 construction and operation. Second, they face stronger incentives to minimise their 
costs and to innovate, although this may depend on the level of competition and the 
economic regulations in place. 4  In the next section, we survey the empirical litera-
ture that has tried to establish a relationship between PPPs and cost effi ciency of 
water services. 

 The second argument for using PPPs is the minimisation of on-budget govern-
ment expenditures and/or the desire not to increase current debt levels (Vining and 
Boardman  2008 ). Hence, under BOOT, BOT, and concession contracts the capital 
investment is made by the private contractor. This argument is particularly  important 
in the water sector since the water industry is known to be a very capital- intensive 
industry, 5  with a high proportion of fi xed assets (water and sewerage pipes, water 
and wastewater treatment plants) having very long lives (up to 100 years). 

 The third rationale relates to the government’s desire to reduce the risk  associated 
with its fi nancial exposure to construction costs, maintenance costs, and variability 
of revenues. This argument relies on the fact that the private partner is usually 
engaged in similar projects simultaneously and can therefore spread the risks 
(Perold  2004 ). 

2   In the light of their review of the literature, González-Gómez and García-Rubio ( 2008 ) conclude 
that although there are important economies of scale in the urban water sector, they are however 
not unlimited. Saal et al. ( 2007 ) conclude for instance that the excessive size of the water service 
companies created in England and Wales after industry reforms in 1989 has had a negative effect 
on the growth of productivity over the subsequent years. 
3   For instance, in the UK case Hunt and Lynk ( 1995 ) report cost effi ciency gains for utilities jointly 
operating  water distribution and sewerage services. 
4   See for instance Averch and Johnson ( 1962 ) for some perverse cost-minimising effects of rate-of- 
return regulations. 
5   The capital-to-revenue ratio is between 10 and 12. The water industry is 3–4 times more capital 
intensive than the electric industry and 5–6 times more capital intensive than the railroad industry 
(Jordan  1998 ). 
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 Two political arguments in favour of PPPs have also been proposed. First, a PPP 
might be an effi cient setting when public authorities do not behave in a benevolent 
way. This might be the case, for instance, if public decisions are infl uenced or con-
trolled by interest groups. 6  Recently, Picazo-Tadeo et al. ( 2009 ) suggested that public 
ownership in the water sector results in greater diffi culties in adapting staff to the real 
needs of the company, partly because of the greater degree of unionisation in the 
public sector and partly because local governments tend to avoid confrontations that 
could have political and social consequences. The second political argument favour-
ing PPPs is that with a private-sector operator in charge it is politically easier to 
impose unpopular decisions such as higher user-fees (Vining and Boardman  2008 ).  

3.2     Some Limits to the Use of PPPs in the Water Sector 

 The fi rst problem with using PPPs in the water industry is the issue of asymmetric 
information between public authorities and private fi rms. Due to information asym-
metry, public authorities are not always in a good position to effi ciently control 
water service providers. Sources of asymmetric information may be the lack of 
technical expertise (which is likely to be especially true for small communities), the 
unbalanced negotiation power between the private fi rm and the public authority, or 
the lack of fi nancial resources for implementing effi cient regulations. The problem 
is that the water industry is characterised by oligopolistic markets with a limited 
number of large fi rms. This raises some ex-ante competition issues such as the 
 possible lack of bidders, the existence of restrictive agreements between bidders 
(bid rigging, market allocation, etc.), or even possible abuses of dominant bidders. 
The situation also means that threats of non-renewal of a contract by a public author-
ity are weaker, even though such threats have been shown to be an important way of 
disciplining private fi rms. 

 Transactions costs are another important limit to the use of PPP. Transaction 
costs are directly and positively linked to diffi culties in measuring the performance 
and quality of a service and with the unpredictable nature of a task. In such situa-
tions, the costs of designing and enforcing contracts are high. According to Pérard 
( 2009 , p. 202), “because of asymmetries of information, the cost of bid evaluation 
and due diligence process is extremely important for infrastructure projects and 
more particularly for water supply”. In the water sector, these costs have been 
 estimated at around 3–5 % of the total project costs (Klein  1996a ,  b ). 7  Working on 
a sample of French water utilities under various forms of PPPs, Chong et al. ( 2006 ) 

6   There is substantial evidence that politicians’ project choices are infl uenced signifi cantly by the 
desire to please constituencies and by budgetary constraints (Levin and Tadelis  2010 ). 
7   Klein ( 1996a ,  b ) reviews 33 infrastructure projects of the World Bank. In these projects transac-
tion costs represent on average 3–5 % of the total project cost, but they can reach up to 12 % for 
some projects. 
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concluded that their results are consistent with a theory in which high transaction 
costs make the use of PPPs ineffi cient.   

4     Performance of PPPs: Some Elements from the Empirical 
Literature 

 To more formally assess the effi ciency of PPPs in providing water services at low 
cost, a prerequisite is to be able to measure the performance of urban water utilities. 
This is a challenging issue since performance is typically multidimensional. In this 
section we limit the discussion to three dimensions of water service performance, 
namely technical and cost effi ciency, price, and access to water and sanitation 
services. 

4.1     Technical and Cost Effi ciency 

 We start by discussing the results of empirical studies which analysed the cost 
 effi ciency of PPPs in the water sector. Since PPPs have mainly emerged as an 
 alternative to full privatisation only in the last 10 years, most of the existing work 
relies on a comparison between the cost effi ciency of private and public services. 
The interested reader may also refer to Bel and Warner ( 2008 ) who reviewed all the 
econometric studies published between 1976 and 2006 which compared the costs of 
public and private water services. 

 Comparisons of cost effi ciency of public and private water utilities have been 
conducted in two different ways. Some studies have been conducted in countries 
where both forms of ownership in management coexist (US, France, Brazil). The 
second approach has been to compare the effi ciency of water services before and 
after privatisation (England, Wales). In Table  21.2 , we report the results concerning 
technical and cost effi ciency of public and private water services from the main 
empirical published studies.

   The issue of effi ciency of public versus private ownership has been long debated 
in the US since the late 1970s. The results of a study by Feigenbaum and Teeples 
( 1983 ) on a sample of US water services suggest that there are no signifi cant differ-
ences in cost of service between private and public fi rms. An important contribution 
of their work is to show that the empirical analysis of ownership and effi ciency is 
highly sensitive to the cost specifi cation. Raffi ee    et al. ( 1993 ) reach a different 
 conclusion. Using a sample of 238 public water utilities and 33 private ones observed 
in 1989, they conclude in favour of private management. Bhattacharyya et al. ( 1994 ) 
use a survey conducted by the American Water Works Association and provide 
some evidence that public water utilities are on average more effi cient than private 
ones. Using the same data set, but adopting a stochastic frontier approach, 
Bhattacharyya et al. ( 1995 ) show that small privately owned water utilities are 
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 nevertheless comparatively more effi cient. 8  Estache and Rossi ( 2002 ) estimated a 
stochastic cost frontier on a sample of Asian and Pacifi c regional water companies, 
and found that effi ciency was not signifi cantly different for private and public fi rms. 
Seroa da Motta and Moreira ( 2006    ) focus on the productivity level of the sanitation 
sector in Brazil using a data envelopment analysis approach. They conclude that 
ownership does not matter for productivity gains in the sanitation sector. Since the 
private sector represents only 10 % of municipalities, their results should be taken 
with caution. Picazo-Tadeo et al. ( 2007 ) consider a sample of water utilities located 
in Spain (Andalusia). They did not fi nd any difference in the average technical 
 effi ciency scores for privately and publicly own water services. However, they 

8   The stochastic cost frontier approach is attractive since it allows one to distinguish the impact on 
the fi rm’s output of variation in technical effi ciency from external stochastic error. 

    Table 21.2    Selected studies comparing the effi ciency of public and private water services   

 Study  Area  Main result  Comments 

 Feigenbaum and 
Teeples ( 1983 ) 

 US  No 
difference 

 Hedonic cost model 

 Raffi ee et al. ( 1993 )  US  Private  Cost function estimated on 271 fi rms 
 Lynk ( 1993 )  England 

and Wales 
 Public  Comparison before and after privatisation 

 Bhattacharyya et al. 
( 1994 ) 

 US  Public  Translog cost function estimated on 225 
public and 32 private water utilities 

 Bhattacharyya et al. 
( 1995 ) 

 US  Public  Results depend upon the utility size 

 Saal and Parker ( 2000 )  England 
and Wales 

 No 
difference 

 No impact on productivity of the 
privatisation in 1989 

 Estache and Rossi 
( 2002 ) 

 Asia  No 
difference 

 Cost frontier approach on 50 fi rms in 19 
different countries. No systematic relation 
between costs and production 

 Estache and Kouassi 
( 2002 ) 

 Africa  Private  Stochastic frontier analysis 

 Seroa da Motta and 
Moreira ( 2006 ) 

 Brazil  No 
difference 

 Data envelopment analysis and stochastic 
frontier analysis 

 Saal and Parker ( 2004 )  England 
and Wales 

 No 
difference 

 No impact on productivity of the 
privatisation in 1989 

 Picazo-Tadeo et al. 
( 2007 ) 

 Spain  Private  Private fi rms outperform public utilities 
in their management of labour 

 Kirkpatrick et al. 
( 2006 ) 

 Africa  No 
difference 

 Data envelopment analysis and stochastic 
frontier analysis on 76 African countries 

 Da Silva et al. ( 2007 )  Brazil  No 
difference 

 Stochastic cost frontier estimated on 279 
fi rms in year 2002 

 Munisamy ( 2009 )  Malaysia  Private  Private entities outperform public entities 
in terms of technical effi ciency 

 Romano and Guerrini 
( 2011 ) 

 Italy  Public  Public owned companies purchase and 
use inputs in a better way compared with 
mixed ownership fi rms 
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report that privately owned companies outperform public utilities in their manage-
ment of labour. Kirkpatrick et al. ( 2006 ), considering African water utilities, also 
address the issue of ownership and its effect on performance of the sector. Their 
results show that there is no difference in the performance between privately owned 
utilities and publicly owned ones. Da Silva et al. ( 2007 ) assessed the cost effi ciencies 
of Brazilian public and private water supply companies using a stochastic frontier 
approach. Statistical inference leads to the conclusion that there is no evidence that 
private fi rms and public fi rms are signifi cantly different in terms of effi ciency. 
Munisamy ( 2009 ) applied a data envelopment analysis approach on a sample of 11 
Malaysian water utilities. The main result was that private water services outper-
form public ones in terms of technical effi ciency. The private sector had an average 
overall technical effi ciency score of 86 %, while the public sector effi ciency score 
was 70 %. The source of ineffi ciency in the private sector is mainly its scale, while 
ineffi ciency in the public sector is related both to scale and to technically ineffi ciency. 
Lastly, Romano and Guerrini ( 2011 ) studied a sample of 43 publicly and privately 
own Italian water utility companies using a data envelopment analysis approach. 
Their main fi ndings was that publicly owned fi rms have the highest effi ciency 
scores, implying that publicly owned companies purchase and employ inputs in a 
much better way compared with mixed ownership fi rms. 

 A number of studies have investigated the change in effi ciency after privatisation 
of this industry (particularly after it happened in England and in Wales). In most 
cases, the evidence showed limited effects of privatisation. Lynk ( 1993 ) reported 
that productivity increases following privatisation appeared to be less than the 
improvements in productivity that could be traced to the period immediately prior 
to privatisation. Similar results were obtained by Saal and Parker ( 2000 ); comparing 
the productivity of water services in England and Wales over time, they found that 
total productivity did not improve relative to the pre-privatisation period. 

 The general message from Table  21.2  is that there is no defi nitive evidence of 
private utilities outperforming public ones in terms of cost or technical effi ciency. 
Rather than focusing on public management versus private management, the debate 
should be redirected on the form of regulation to be implemented when water ser-
vices are privately operated or owned, and on changes in legislation that could 
improve technical and cost effi ciency. Aubert and Reynaud ( 2005 ) showed for 
instance that the cost effi ciency of US water utilities is directly and signifi cantly 
affected by the type of economic regulation implemented by public authorities. In 
England and Wales, Saal and Parker ( 2004 ) reported evidence of a small increase in 
the rate of total factor productivity growth in following a substantial tightening of 
regulations in 1995. To improve cost effi ciency, efforts should be made to promote 
competition (although direct competition is limited due to the cost structure in the 
industry), and to reduce the level of asymmetrical information between water 
 services and public authorities in charge of regulation and control.  
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4.2     Water Prices 

 Assessing the impact of PPPs on the price of water is important since price is the 
main driver of water service affordability. As a result, a number of case studies have 
been conducted to assess the relationship between PPPs and water price. The con-
sensus that seems to emerge is that prices often rise following introduction of PPPs. 9  
In the absence of counterfactuals, the causal relationship between PPP and increase 
in water price is diffi cult to establish. A few published papers have adopted some 
econometric approaches to assess the differences in water price between privately 
and publicly managed water services. We report in Table  21.3  the mains insights 
from this literature.

   Carpentier et al. ( 2006 ) have provided the fi rst econometric analysis of water 
price in France with a special focus on the comparison between public and private 
pricing schemes. They report that the average domestic water price in 1998 was 
33 % higher in the case of private management than in the case of a public one. 
However, Carpentier et al. ( 2006 ) show that French local authorities tend to delegate 
water services in cases of diffi cult operational conditions (complex water network, 
large seasonal population, high level of capital investment). Taking into account 
these more complex operational conditions, the water price is in fact 15 % higher in 
the case of a private management for small local authorities (less than 10,000 
inhabitants) and only 5 % for large authorities (population greater than 10,000 
inhabitants). A direct interpretation of this price differential remains diffi cult since 
the accounting practices for asset depreciation are not strictly the same in the case 
of public and private services. Andrès et al. ( 2008 ) compare the performance of 49 
water utilities in seven Latin American countries, before and after the introduction 
of a private operator. They report that the introduction of a private operator usually 
resulted in tariff increases, which is in fact not surprising, because most Latin 

9   For Chile, Bitran and Valenzuela ( 2003 ) report for instance that water and sewerage rates increased 
by 40 % for privatised utilities compared to 20 % for non-privatised ones. 

    Table 21.3    Selected studies comparing prices of public and private water services   

 Study  Area  Main result  Comments 

 Carpentier et al. 
( 2006 ) 

 France  Higher price for 
private 

 Treatment effect approach on a 
large sample of French water 
services 

 Andrés et al. 
( 2008 ) 

 Latin America  Higher price for 
private 

 Performance of 49 water utilities in 
seven Latin American countries 

 Gassner et al. 
( 2008 ) 

 Developing 
countries 

 No difference  977 water utilities located in 
various developing countries 

 Martínez-Espiñeira 
et al. ( 2009 ) 

 Spain  Higher price for 
private 

 Treatment effect approach on a 
sample of 53 urban municipalities 

 Ruester and 
Zschille ( 2010 ) 

 Germany  Higher price for 
private 

 765 German water suppliers 
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American utilities had tariffs below cost-recovery levels in the early 1990s. Gassner 
et al. ( 2008 ) used a large sample made of 977 water utilities located in various 
developing countries, of which 141 had some form of private participation. They 
conclude that there was no signifi cant difference in tariff levels between PPPs and 
comparable public operators over the same period. Martínez-Espiñeira et al. ( 2009 ) 
explain differences in the average price of domestic water supply services in Spain, 
with special attention on the effects of privatisation on price. They used a treatment 
effect approach on a sample of 53 major urban municipalities. Taking into account 
the fact that municipalities do not randomly distribute themselves between public 
and private (one group having strictly public ownership and management and 
another where all or part of the service has been delegated to a private fi rm), they 
fi nd that there is a signifi cant positive effect of privatisation on water price. 

 Most recently, Ruester and Zschille ( 2010 ) investigated the impact of governance 
choice on fi rm performance using a database of 765 German water suppliers. They 
analysed the relationship between organisational form (i.e., private sector participa-
tion in water supply versus public service provision) and retail prices, controlling 
for economies of scale as well as technical and structural characteristics of the 
suppliers. They showed that private sector participation results in higher prices. 

 The general result from Table  21.3  is that private sector participation seems to be 
associated with higher prices. One should stress however that this correlation cannot 
be interpreted as causal, especially due to self-selection problems (Carpentier et al. 
 2006 ; Ruester and Zschille  2010 ). One possible explanation of higher prices in the 
case of private management could be the weak enforcement of regulations (Guasch 
et al.  2008 ), since quite often the economic regulation of delegated services is 
carried out directly by local communities. 10  First, due to information asymmetry, 
local communities are not always in a good position to exercise effi cient control of 
water service providers. Due to long periods of water service delegation, some 
communities lack the technical expertise to evaluate the delegation contract. This is 
especially true for small communities with limited fi nancial resources. Second, the 
main sanction available (non-renewal of the contract) may not be credible. Third, 
ex-ante competition between private operators, via the bidding process for the 
delegation contract, can be limited due the oligopolistic nature of this industry. The 
debate therefore should focus not directly on the price differential between private 
and public water services but on the factors contributing to this result.  

4.3     Access to Water and Sanitation Services 

 As one might expect, most existing studies of access to water and sanitation services 
have focused on developing countries, even though in 2007 only 7 % of urban popu-
lations in such countries were served by formal PPPs (Marin  2009 ). In Table  21.4 , 
we summarise the main fi ndings of econometric studies comparing the performance 

10   This is for instance the case in France. 
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of public and private utilities in terms of the connection rate to water and sewerage 
services. The interested reader should also refer to Marin ( 2009 ) for a survey of 
PPPs in the water sector of developing countries.

   Gomez-Lobo and Melendez ( 2007 ) used a living standards household survey in 
Colombia to assess the impact of private participation on the population’s connec-
tion rate to water and sewerage services. They found that there was either no effect 
on water connection rates or a positive effect if the largest municipalities were 
dropped from the sample. Their results are less ambiguous for sewerage connec-
tions since the effects of private participation on sewerage connections are in almost 
all cases positive and statistically signifi cant, especially among poorer  communities. 
In Latin America, Andrés et al. ( 2008 ) found that introducing private participation 
did improve coverage, but they describe only a transitory improvement (1 year 
before and 2 years after the takeover). Gassner et al. ( 2008 ), using a sample of 977 
water utilities in developing countries, found that private operators performed better 
when performance was measured by growth in the number of connections, both 
during the transition period to private operations and after. However, their results for 
residential coverage are inconclusive. Barrera et al. ( 2009 ) studied the effects of 
water privatisation on consumer welfare in Colombia. In terms of access, they found 
there was no evidence of a positive impact from privatisation, even after they 
 controlled for the technical capacity of the municipalities. However, they did fi nd 
that the effects of privatisation were not homogeneous across income and across 
areas. In particular, in rural areas privatisation had strong negative effects on access 
to water. Clarke et al. ( 2009 ) used household-level data to explore the effects of 
privatisation on water and sewerage coverage in Latin America (Argentina, Bolivia, 
and Brazil). Their analysis revealed that, in general, the share of households 
 connected to piped water and sewerage improved following the introduction of 
PPPs, a result consistent with the case study literature also reported in that paper. 

   Table 21.4    Selected studies assessing the impact of PPPs on access to water services   

 Study  Area  Main result  Comments 

 Gomez-Lobo 
and Melendez 
( 2007 ) 

 Colombia  Neutral impact of private  Neutral impact of private on access 
to piped water. Positive impact for 
sewerage connections 

 Gassner et al. 
( 2008 ) 

 Developing 
countries 

 Positive impact of private 
in terms of growth in the 
number of connections 

 Sample of 977 water utilities 
located in various developing 
countries 

 Barrera- 
Osioro et al. 
( 2009 ) 

 Colombia  Positive impact of private 
in urban areas but 
negative effect in rural 
areas 

 Sample of 82 municipalities. Pre 
and post privatisation data set 

 Clarke et al. 
( 2009 ) 

 Argentina, 
Bolivia, and 
Brazil 

 Positive impact of private  The share of households connected 
to piped water and sewerage 
improves following the 
introduction of PPPs, but not in a 
way different to control regions 
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The same authors mention, however, that the share of households connected 
improved by the same amount in control regions, suggesting that private sector par-
ticipation,  per se , may not have been responsible for the improvements. Results 
were similar when they looked only at the poorest households.   

5     Conclusion 

 Over the last decades debate on ownership and PPPs in the water industry has been 
dominated by dogmatic arguments. The main conclusion of this chapter is that there 
is little empirical justifi cation for a general presumption in favour of a type of 
 ownership or PPP. Case-by-case evaluations of the various trade-offs need to be 
conducted. In fact, when trying to relate the performance of a water utility with its 
ownership or with the form of its PPP, studies simply provide an indirect test of the 
trade-off between two sources of ineffi ciency in publicly owned and privately 
owned water utilities – ineffi ciencies from attenuation of property rights in publicly 
owned water services, and ineffi ciencies from confl icts between the regulator’s and 
the shareholders’ goals in privately owned utilities. This result is in line with some 
previous surveys assessing the effi ciency of PPPs in other industries. For urban 
infrastructure, Koppenjan and Enserink ( 2009 ) conclude that proper governance 
practices are required to reconcile private sector participation with the objective of 
increasing sustainability of the urban environment. A similar conclusion emerges 
from Reich ( 2002 ), who has summarised the existing literature on PPPs in the health 
sector, and from Falch and Henten ( 2008 ) who discuss the role played by PPPs in 
the telecommunication sector. 

 From the above discussion, no clear and defi nitive answer for the impact of PPPs 
on water utility performance and consumer benefi t seems to emerge. Following 
Vickers and Yarrow ( 1988 ), we conclude that “There is little empirical justifi cation 
for a general presumption in favour of either type of ownership, and case-by-case 
evaluation of the various trade-offs is therefore in order”. Hence, the impact of PPP 
on water and sanitation utility performance will depend mainly on local conditions, 
including effi ciency of regulation.     
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    Chapter 22   
 Issues of Governance, Policy, and Law 
in Managing Urban–Rural and 
Groundwater–Surface Water Connections 

                Rebecca     Nelson     ,     Heather     N.     Bischel     ,     Richard     G.     Luthy     , 
and     Barton     H.     Thompson     Jr.    

1            Introduction 

 Historically, water law has taken a ‘silo’ view of water management, treating 
groundwater as separate from surface water, and often overlooking potential con-
nections between urban or agricultural water and wastewater systems. This chapter 
investigates two major aspects. First, how modern water laws and institutions can 
facilitate conjunctive management of groundwater and surface water sources, both 
by recognising the impacts that pumping groundwater has on surface water and, in 
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the context of urban supply, by providing frameworks for undertaking managed 
aquifer recharge. Second, it explores how law can support interchange between 
urban and rural water supplies, both through water trading and exchange as well as 
through facilitating agricultural use of urban wastewater. 

 These interactions are examined as they occur in a variety of communities and 
over a diversity of laws and projects in California. Each section of the chapter 
 outlines California’s legal and regulatory approach, examples of innovative water 
programs and projects that illustrate that approach, and key issues that can arise in 
designing and implementing such innovations. These approaches and programs can 
provide inspiration to other jurisdictions that share key characteristics with 
California, such as: complex and highly managed natural and engineered hydrological 
systems; intricate hydro-political arrangements with cultural preferences for local 
rather than state-centralised water management; evolving technology; and chal-
lenges of population growth, water scarcity, and heightened recognition of environ-
mental demands. 

 A common theme – the importance and value of more integrated water planning – 
emerges from the eight major examples of developed and emerging innovative 
approaches and projects presented (see Fig.  22.1 ). The water planning paradigm, 
especially where it counsels signifi cant local involvement, has become accepted 
internationally over the past several decades as a way of ensuring rational, proactive 
water management, particularly in areas with great water supply variability, like 
California (Caponera  2007 ). This paradigm contrasts with an historical approach in 
which projects were implemented (and natural resources managed) without coordi-
nation, which invited potential for confl ict and ineffi cient allocation of resources.  

 In California, statute-based groundwater management plans (GWMPs) and inte-
grated regional water management plans (IRWMPs) can help water agencies to rec-
ognise and manage interactions among substantive elements of water systems. 
Importantly, they can also help to forge institutional connections. This is evident 
even though water agencies are compelled to adopt neither IRWMPs nor GWMPs. 
Accordingly, in addition to demonstrating how law can facilitate particular 
 interactions, the chapter underscores the value of a planning approach to tackling 
the complexity of integrated water management in urban settings.  

2      Interactions Between Groundwater and Surface Water 

2.1     Background 

 Though it is rarely apparent to the naked eye, water below the ground surface is 
frequently connected to water in rivers, lakes, wetlands, and infi ltration areas at the 
surface. Pumping water from aquifers can therefore ‘pull in’ water from, and 
deplete, connected surface water bodies over days to decades, depending on local 
geological conditions (Winter et al.  1998 ). Further, greater impermeable paved 
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spaces in urban areas prevent the infi ltration of rainfall to aquifers and can decrease 
the basefl ow component of streamfl ow by lowering urban water tables (Otto et al. 
 2002 ). 

 In planning, developing, and monitoring their water supplies, urban water suppliers 
need to be aware of these connections to protect their own and others’ water sources 

  Fig. 22.1    Locations discussed as examples of interactions between groundwater and surface 
water, or urban and rural water systems       
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from unanticipated depletion caused by pumping. These issues are especially 
important in California, where municipal water utilities source around one- fi fth of 
their water from groundwater (Kenny and USGS  2009 ) and where groundwater 
pumping is identifi ed as the largest single source of future water supplies (Hanak 
 2005 ). It is estimated that groundwater contributes 27–60 % of total annual stream 
fl ows (Howard and Merrifi eld  2010 ). 

 Traditionally, most western U.S. water law and policy has largely ignored the 
potential for groundwater pumping to deplete streamfl ow. Although California law 
retains a traditional preference for recognising this interaction to a limited degree, 
the Carmel River case, described in Sect   .  2.2.2 , shows that even this narrow legal 
recognition can signifi cantly affect urban water suppliers. The state pursues more 
comprehensive recognition of groundwater–surface water and groundwater– 
infi ltration area interactions by encouraging local water suppliers who use ground-
water, such as the Zone 7 Water Agency introduced in Sect.  2.2.3 , to voluntarily 
adopt plans that recognise these connections. 

 In addition to managing the potential for wells to negatively impact streams, and 
the potential for paved areas to reduce recharge, water resource planning approaches 
can identify valuable opportunities to use the immense storage capacity of subter-
ranean aquifers to store surface waters. Precipitation and infi ltration to groundwater 
from rivers and streams naturally replenish groundwater resources (de Vries and 
Simmers  2002 ), as does incidental infi ltration from human activities (Bouwer 
 2002 ). The natural storage capacity of groundwater aquifers can also be harnessed 
intentionally using managed aquifer recharge (MAR), providing “engineered” 
storage for future use. 

 The urban environment can provide diverse water sources for MAR including 
high quality drinking water, captured stormwater, and recycled water (a term used 
interchangeably here with reclaimed water). This surface water, placed in basins, 
furrows, or ditches with permeable surface soils, infi ltrates into these underground 
storage systems, artifi cially recharging groundwater. When permeable surface soils 
are not available, direct injection of surface water through wells can bypass this 
constraint (Bouwer  2002 ). Alternatively, agencies can conduct indirect, or ‘in lieu’, 
groundwater storage by foregoing pumping groundwater, instead using excess 
 surface water or re-operating reservoirs. They account for and later access the 
resulting ‘stored’ groundwater when insuffi cient surface water is available (Purkey 
and Mansfi eld  2002 ). This method also has the advantage of avoiding costs and 
technical diffi culties that may be involved in direct MAR. 

 MAR complements and offers some advantages over traditional surface water 
storage behind dams. For example, it saves water by reducing evaporation during 
storage; avoids the environmental impacts involved in enlarging or constructing 
new surface reservoirs; and, by raising water tables, reduces pumping costs. Further, 
the treatment capacity of soils can enhance the quality of injected sources through 
soil-aquifer treatment (Bekelea et al.  2011 ). Recharging aquifers can also reduce 
seawater intrusion and land subsidence, and facilitate water conveyance (Bouwer 
 2002 ). 
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 Reclaimed urban wastewater is increasingly used for MAR as a seawater 
 intrusion barrier and to supplement drinking water supplies (NRC  2012 ). When 
used for drinking water supplies, the practice is commonly termed indirect potable 
reuse (IPR) because the recycled water passes through the aquifer prior to extraction 
for consumption. IPR has been practiced for over 30 years, with projects currently 
in place in the U.S.A., Europe, and Singapore (Rodriguez et al.  2009 ), though it 
remains relatively rare in planned water management. In the U.S.A., where environ-
mental buffers between the recycled water source and the potable reuse end point 
are important features of projects constructed over the last several decades, the most 
common practices involve surface spreading of recycled water using recharge basins 
and direct injection into the subsurface (NRC  2012 ). Both processes involve the 
water passing through the subsurface, typically with greater than 6 months retention 
time, prior to withdrawal. 

 In California, MAR projects using treated wastewater are well established. 
Orange County Water District operates a widely lauded facility using treated waste-
water, as Sect.  2.3.2  describes. However, the state lacks a comprehensive legal 
framework for these activities, in particular for ‘water banking’ programs that 
involve multiple parties engaged in recharging, storing, withdrawing, and selling 
water. Accordingly, Californian water agencies have developed complex legal 
arrangements to enable water suppliers to bank and later recover water in subsurface 
facilities operated by others, as explained in the Kern Water Bank case described in 
Sect.  2.3.3 .  

2.2     Managing the Impacts of Pumping Groundwater 
on Surface Waters 

2.2.1     The Californian Regulatory Approach: From Subterranean 
Streams to Groundwater Management Plans 

 The potential for groundwater pumping to deplete connected streams arises when a 
decision-maker considers whether to grant (or allow a modifi cation to) a permit for 
groundwater extraction, or whether to curtail an existing groundwater use that is 
interfering with a surface water use that has a higher legal priority. The water laws 
of many western U.S. states recognise that groundwater is connected to surface 
water, but they differ radically in the degree of connection that they recognise (in the 
context of making permitting and curtailment decisions). Some states, like 
Washington, adopt the so-called ‘one molecule rule’ under which any ascertainable 
impact of pumping groundwater on surface water is legally recognised ( Postema v. 
Pollution Control Hearings Board   2000 ). Any impact above this low level can 
 justify imposing conditions on a permit, or restricting pumping that is later found to 
cause interference with an existing surface water right. At the opposite end of the 
spectrum, California restricts the pumping of only groundwater that is very closely 
connected to surface water. California law deems “subterranean streams fl owing 
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through known and defi nite channels” – an antiquated legal notion rooted in histori-
cal misunderstandings of the nature of groundwater – to be equivalent to surface 
water ( North Gualala Water Company v. SWRCB 2006 ), and to require a permit 
from the State Water Resources Control Board (SWRCB) for extraction. Such 
pumping may be restricted if it interferes with pre-existing surface water rights. By 
contrast, a well that taps other (‘percolating’) groundwater requires no permit from 
the SWRCB, and in the absence of rare local rules, pumping from such wells 
escapes regulation (Little Hoover Commission  2010 ). Rather, where groundwater–
surface water connections are too weak to warrant the ‘subterranean stream’ label, 
the state deals with these connections by encouraging local agencies to consider 
them under groundwater management plans (GWMPs). 

 The Ground Water Management Act – California Water Code (CWC) §§10,750–
10,767 – establishes the state’s framework for local water agencies to adopt 
GWMPs. Some GWMPs adopted by urban water agencies operate at a regional 
level through collaborations between agencies; others address only the local issues 
of a single agency (Nelson  2011 ), though they may link communities and water 
managers through advisory committees appointed to assist in the preparation of a 
GWMP (CWC §10753.4), as demonstrated in the Alta Irrigation District example 
outlined in Sect.  3.2.3 . 

 A GWMP may cover a range of matters, including mitigating conditions of 
 overdraft, replenishing extracted groundwater, monitoring groundwater, facilitating 
conjunctive use operations, constructing and operating groundwater recharge 
 projects, and identifying recharge areas (CWC §10753.8). Importantly, to receive 
state funding, a GWMP must also include a component relating to monitoring and 
managing groundwater–surface water interaction (CWC §10753.7(a)(1)). Although 
the power of GWMPs is limited – they are not mandatory, do not have binding legal 
effect, and do not affect water rights – this component encourages water utilities to 
consider whether their groundwater pumping may adversely affect streams. Given 
California law’s traditional reluctance to recognise such effects, the state’s planning- 
based approach to this issue represents a signifi cant policy step. 

 GWMPs may also be used to link overland fl ow, land use, and groundwater, 
which, in traditional legal frameworks, has proven to be problematic – particularly 
in relation to the infl uence of paved areas on recharge (Thompson  2011 ; Davies 
 2007 ). Other connections between groundwater and land use are comparatively 
 better regulated: groundwater protection programs developed jointly by states and 
the USEPA consider the impacts of land uses on groundwater quality, and ‘assured 
water supply’ laws link land use and water demand by requiring developers to prove 
that adequate water is available for development, before construction begins 
(Thompson  2011 ; Davies  2007 ). 

 California links land use, overland fl ow, and groundwater recharge through a 
creative addition to its groundwater planning framework. From 2013, California 
requires GWMPs to map recharge areas in the subject groundwater basin, and 
describe how these areas replenish the basin (CWC §10753.7(a)(1), (4)). Local 
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agencies may request state funds for recharge mapping. Though agencies without a 
GWMP need not carry out recharge mapping, and no agency is mandated to take 
any specifi c action to protect important recharge areas, the new mapping  requirement 
will provide a necessary tool for cities and water supply agencies to take protective 
action. Section  2.2.3  describes the early adoption of this mapping approach by the 
Zone 7 Water Agency in northern California.  

2.2.2      Curtailing Groundwater Pumping to Protect Surface Waters: 
California American Water and the Carmel River 

 Drawing the legal line between a connected ‘subterranean stream’ and supposedly 
unconnected ‘percolating groundwater’ can profoundly impact Californian urban 
water providers that install wells adjacent to a stream in order to avoid the costs of 
treating lower-quality water diverted directly from the stream (e.g.,  North Gualala 
Water Company v. SWRCB 2006 ). Compared to pumping further away from the 
stream, this practice greatly increases the probability of depleting the stream. This 
supply strategy was the root of ‘cease and desist’ orders that the SWRCB issued in 
1995 and 2009 to California American Water (Cal-Am), a private water utility that 
supplies urban water needs on the Monterey Peninsula (SWRCB  2009 ) using 69 % 
groundwater. 

 In 1995, the SWRCB found that fl ows in the Carmel River ceased for 5–6 months 
of the year due to Cal-Am pumping from a subterranean stream associated with the 
Carmel River, causing damage to public trust resources – riparian habitat, associ-
ated wildlife, and fi sheries. Legally, Cal-Am required a SWRCB permit to pump 
10,730 acre-feet/yr (0.42 m 3 /s) from the wells, which it lacked. The SWRCB 
ordered Cal-Am to cease its unlawful pumping by obtaining other source water, to 
implement an urban water conservation plan, and, in the interim, to mitigate the 
effects of its pumping (for example, by favoring pumping from its most downstream 
wells to maximise fi sh habitat; SWRCB  1995    ). In 2009, the SWRCB found that 
Cal-Am had not diligently implemented the required actions and had continued to 
pump without a valid water right, causing ongoing damage. It ordered Cal-Am to 
cease its unlawful pumping by the end of 2016, in eight annual phases that involve 
undertaking a series of demand management and small supply augmentation 
 measures, such as MAR and desalination (SWRCB  2009 ). 

 The signifi cant nature of the reductions required in the Carmel River case, and 
the repeated state action, show that although California law recognises the impacts 
of pumping groundwater on rivers in only a narrow set of circumstances; this 
 mechanism can powerfully protect affected rivers, even when core urban water 
 supplies are at issue. Comprehensive water planning approaches that address 
groundwater–surface water interactions could avoid such costly scenarios by facili-
tating pre- emptive consideration of potential stream impacts.  
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2.2.3       Managing Surface Water–Land use–Groundwater Links Under 
Groundwater Management Plans 

 In contrast to the legal mandates that apply to subterranean streams, GWMPs 
 represent a voluntary, albeit statute-supported, approach to recognising groundwa-
ter–surface water interaction. First, they facilitate goal-setting, monitoring, and 
quantifi cation in relation to stream–aquifer interactions (Nelson  2011 ). Second – 
and the focus of this section – new recharge mapping requirements encourage agen-
cies to collect basic information to protect recharge areas and maintain links between 
land use, overland fl ows, and groundwater. Innovative tools in leading existing 
GWMPs, like that of the Zone 7 Water Agency (Zone 7), demonstrate how local 
agencies could use the new recharge maps. 

 Zone 7 is an independently governed sub-district of the Alameda County Flood 
Control and Water Conservation District in northern California. It is a fl ood 
manager and water wholesaler for three cities overlying the Livermore–Amador 
Valley basin: Livermore, Pleasanton, and Dublin, with a combined population of 
around 190,000. Zone 7 supplies local groundwater and imported surface water to 
water retailers, and also manages groundwater extractions by the retailers. 

 Zone 7 uses an extensive land use monitoring program to assess the potential 
for changes in land use to affect recharge and groundwater quality and to keep its 
water balance and salinity models up to date (Katen  2012 ). It reviews land use 
plans at the city and county level to identify three categories of land uses (urban, 
agriculture, and gravel mining) and three types of applied water (groundwater, 
surface water, and reclaimed water), in order to model salt loads and recharge to 
the basin. It also monitors land use using annual aerial photography, interviews 
with landowners, and fi eld observations, compiling this information in a monthly 
land use change report. The report forms the basis for communicating concerns to 
city land use planning agencies on developments that may impact the regional 
water supply or groundwater basin (Jones and Stokes  2005 ). At the time of writ-
ing, Zone 7 is also developing a vulnerability map to better assess the potential for 
groundwater contamination based on land use, and is converting its maps and 
reports to GIS format to aid  analysis. The success of the program is evident in that 
city agencies routinely refer developments to Zone 7 for comment – a relatively 
rare example of coordination between urban planning and water agencies. They 
do so (in part) in recognition of Zone 7’s active interest in land use, which it dem-
onstrates through its monitoring program (Katen  2012 ). Key challenges to the 
program include maintaining funding and dealing with gaps in historical data, 
which make it diffi cult to accurately  calibrate the hydrological models that rely on 
the data (Katen  2012 ). 

 This local planning approach promises to deliver valuable tools for managing the 
impacts of land use change on the infi ltration of diffuse surface water to aquifers. 
Zone 7’s innovative land use monitoring scheme helps establish institutional inter-
actions to connect the management of land and groundwater, as well as providing 
substantive scientifi c information on these interactions. It augurs well for the bene-
fi ts of recharge mapping, soon to be implemented more widely through GWMPs.  
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2.2.4     Outstanding Challenges 

 Commentators have repeatedly criticised the narrowness of California’s legal 
 integration of groundwater and surface water for allowing undue interference with 
surface water rights and instream fl ows (Thompson  2011 ; Hanak et al.  2010 ; Sax 
 2002 ). Arguably the most important challenge facing California’s legal framework 
for linking groundwater and surface water is ensuring that the law better refl ects the 
physical impacts of groundwater pumping, which extend beyond the narrowly- 
defi ned concept of a ‘subterranean stream’. However, as the Carmel River example 
shows, doing so can have signifi cant urban water supply – and therefore economic – 
impacts. Expanding the reach of the law will therefore encounter strong political 
resistance in a state that relies heavily on groundwater. This is to put to one side the 
legal diffi culties that would be involved in making such a change, which would 
require integrating the management of resources that currently are governed under 
very different legal doctrines. 

 To create the political space for adopting laws to better integrate groundwater 
and surface water, governments also must adopt policies to manage and reduce the 
economic impacts of doing so. Some western U.S. states, such as Washington, 
Idaho, Colorado, and New Mexico, reduce the economic consequences of better 
integrating groundwater and surface water by permitting – conditional on offsetting 
the depletion to the stream – a groundwater pumper to withdraw groundwater that 
would otherwise unlawfully deplete a connected stream. Offset programs can be 
very complex, aiming not only to replace the volume of streamfl ow removed by 
groundwater pumping, but also to replace it at the time that the groundwater pump-
ing has effect and address impacts to stream water quality and temperature. Offset 
methods include purchasing, or leasing and retiring, or not using a surface water 
right; conserving water; or ‘pumping and dumping’ water from an unconnected 
source into the affected stream (Nelson  2012 ). Municipal suppliers that prefer to 
pump high quality groundwater to avoid the cost of treating poorer quality surface 
water can benefi t from such programs: they can maintain access to their preferred 
water supply while complying with requirements to reduce their impacts on 
 connected surface waters and on the holders of water rights in those waters. 
California could consider implementing a formal offset scheme to increase the 
political viability of better connecting groundwater and surface water systems, and 
offer groundwater pumpers a clear and certain market-based approach to offset the 
impacts of groundwater pumping. 

 In contrast to its integration of groundwater and surface water in law, strongly- 
held principles of localism and voluntarism characterise California’s water planning- 
based approach to linking groundwater and surface water. GWMPs are not 
mandatory. Their formation and implementation relies on a large number of autono-
mous local agencies coming together and maintaining a high degree of cooperation 
with the support of state funds. Though successful instances of this certainly occur, 
maintaining cooperation between agencies and local stakeholder entities – through 
sometimes lengthy consultation and implementation processes – is a noted  challenge 
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(Stanford Water in the West  2012 ). Questions over the continued availability of state 
bond funds for water projects also threaten GWMP programs.   

2.3     Using Managed Aquifer Recharge for Urban Water Supply 

2.3.1      The Californian Regulatory Approach: Special Purpose 
Institutions and Water Quality 

 Some western U.S. states, for example Arizona, New Mexico, Oregon, and 
Washington, have developed regulatory frameworks for MAR, which involve 
 issuing permits for recharge, storage, and recovery activities and establishing report-
ing requirements. California is yet to regulate MAR in this broad sense, though 
California courts have confi rmed that public agencies have the basic right to augment 
water storage underground and withdraw the amount stored, minus losses (Foley-
Gannon  2008 ). California legislation also provides for the establishment of local 
districts to carry out MAR (Hanak et al.  2011 ; CWC §§60,000-60,622). 

 Broader legal frameworks can facilitate MAR in numerous ways: by protecting 
the rights of water storers to prevent others from pumping the stored water; by 
 protecting third parties and the environment from potential adverse impacts of the 
MAR activities; and by clarifying control over aquifer storage rights. Established 
frameworks can also reduce the transaction costs of undertaking complex MAR 
projects that involve multiple agencies, or aquifers that are connected to one or more 
other aquifers or surface waters. In such cases, accounting for the stored water is 
complicated by the need to coordinate between multiple parties, and to consider the 
timing and magnitude of natural losses (Contor  2009 ). Californian water agencies 
and scholars have identifi ed a lack of legal certainty in these and other areas as a 
barrier to developing MAR projects to their full potential (see, e.g., Foley-Gannon 
 2008 ; GEI Consultants  2009 ; Thomas  2001 ,  2005 ; Water Transfer Workgroup 
 2002 ). Indeed, the U.S. National Research Council has found that MAR projects 
“are among the most complex to implement unless a state has addressed these issues 
in a statutory scheme that was created specifi cally for the regulation of these 
 projects” (NRC CSUSRW and NRC WSTB  2008 ). Despite the lack of a broad regu-
latory or legal framework for MAR, local agencies in California have signifi cant 
experience in developing MAR projects. The state also funds, and encourages local 
agencies to construct, recharge facilities under GWMPs and IRWMPs (CWC 
§§79,560-79,565; California Department of Water Resources DWR  2012 ). 

 California does regulate one element of MAR – albeit unevenly between water 
input methods – the potential water quality impacts of MAR. Both state and federal 
water standards apply to source water used for injection (42 U.S. Code Service 
§§300 h to 300 h-8; CWC §§13,260(a)(3), 13,263). In California, the point of water 
quality monitoring for MAR (using direct injection as an input method) is deemed 
to be at the injection well prior to movement of the water through the subsurface, 
which therefore calls for highly treated source water (Drewes et al.  2010 ). 
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 In contrast to injection, water quality for MAR using infi ltration ponds is not 
regulated at the federal level, and is not specifi cally regulated by California. In 
theory, if percolating low-quality water threatened the achievement of regional 
water quality objectives, California’s regional water quality control boards could 
regulate percolation activities for MAR by imposing waste discharge requirements 
on operators (CWC §13,263). However, there is no evidence that the regional boards 
are doing this in a systematic way. Water quality monitoring for surface spreading 
applications occurs following extraction from the groundwater aquifer (Drewes 
et al.  2010 ). On a favorable interpretation, this implicitly recognises water quality 
improvement in the vadose zone and thus may allow comparatively lower quality 
source water to be used. A less favorable interpretation is that these rules have been 
adopted in a piecemeal way, leading to unintended inconsistency. 

 Some Californian MAR projects have used, for future potable use, highly treated 
wastewater effl uent as a water source. In the U.S., states develop indirect potable 
reuse (IPR) water quality standards with no federal regulations governing the 
 practice (USEPA  2004 ). Since protecting public health is the highest priority when 
MAR employs recycled water for potable reuse, advanced treatment of wastewater 
typically is essential prior to surface spreading operations or direct injection to 
the groundwater aquifer. In California, recycled water safety is regulated by the 
California Department of Public Health (CDPH). CDPH regulations evolve as more 
information on public health risks becomes available (USEPA  2004 ). At the time of 
writing, CDPH Draft Regulations for Groundwater Replenishment with Recycled 
Water are under public review (CDPH  2011 ). These regulations will provide detailed 
standards for groundwater recharge projects in California. The draft regulations 
group types of projects according to whether they involve surface spreading, full 
advanced treatment, or subsurface application, the latter requiring full advanced 
treatment at the point of injection.  

2.3.2      Reusing Water for Drinking and Preventing Seawater Intrusion: 
The Orange County Water District 

 The Orange County Water District (OCWD) is perhaps California’s most celebrated 
example of IPR. Migrating inland through the sandy, fresh water aquifer, seawater 
threatened the groundwater resources of coastal cities served by the OCWD. Such 
was the level of concern with the situation that the California legislature passed 
special legislation to create the OCWD and endow it with considerable powers to 
deal with the groundwater situation. The OCWD may construct works to replenish 
the basin, import water for this purpose, and charge fees to local groundwater pump-
ers to recover the costs of these activities (CWC App. 40). 

 From 1976 to 2004, the OCWD’s advanced wastewater treatment and water 
 reclamation facility, Water Factory 21, successfully operated a hydraulic barrier 
system by injecting treated wastewater into the subsurface (NRC  2012 ). In creating 
a seawater barrier, Water Factory 21 also implemented the fi rst direct injection of 
reclaimed water for potable reuse. The injection water traveled both towards the 
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ocean and inland to the main groundwater basin, where it was extracted for  domestic 
and irrigation supply wells (Mills and Watson  1994 ). The injection water comprised 
two parts highly treated reclaimed water to one part groundwater obtained from a 
deep aquifer (NRC  2012 ). 

 After closing Water Factory 21 in 2004, the OCWD upgraded its IPR project to 
a purifi cation process that it calls the Groundwater Replenishment System, 
 increasing potable reuse capacity from 16 million gallons per day (61,000 m 3 /day) 
to 70 million gallons per day (260,000 m 3 /day). In its current operation, secondary 
treated wastewater from the Orange County Sanitation District is further purifi ed by 
a series of advanced technologies – microfi ltration, reverse osmosis, and advanced 
oxidation – prior to injection in the subsurface. The underground retention time of 
injected water prior to subsequent extraction is more than 6 months. The OCWD 
service area, where groundwater withdrawals comprise about 70 % of the water 
supply, provides water to a population of more than 2.3 million (NRC  2012 ; 
Rodriguez et al.  2009 ). 

 Facilitated by its special legal status and powers, the long history and large scale 
of the OCWD’s IPR operations represent a signifi cant success in an often conten-
tious area of urban water supply.  

2.3.3     Water Banking Using MAR: The Kern Water Bank 

 Like the OWCD, the Kern Water Bank takes advantage of groundwater–surface 
water connections, using MAR to store excess surface water underground. The Kern 
Water Bank is the largest of several water banking projects on the Kern Fan, an 
alluvial deposit in the southern Central Valley of California, and one of the largest 
such projects in the world (Kennedy/Jenks Consultants  2011 ). It is operated by the 
Kern Water Bank Authority, a local public agency that has six water districts as 
members. The Kern County Water Agency is one such member (Kern Water Bank 
Authority  2012 ). Among the Agency’s functions is wholesaling water to retailers 
serving the city of Bakersfi eld. 

 In the absence of a legal framework for MAR, the Kern Water Bank relies on a 
complex contractual infrastructure between members, non-member adjoining enti-
ties, and outside agencies, which can purchase stored water (Thomas  2001 ). These 
arrangements cover matters such as reserving basin capacity for local recharge; 
accounting for losses caused by migration of the stored water; monitoring 
 groundwater conditions; maintaining buffer areas around recovery wells; setting 
permissible rates of recovery; and compensating overlying landowners for adverse 
impacts caused by operating the Bank (Thomas  2001 ). As a member, the Kern 
County Water Agency has a right to be offered water for sale before it is offered for 
sale to non- members, and a fi rst right to extract the stored water (Thomas  2001 ). 

 Considerable physical infrastructure is required to operate the Kern Water Bank: 
72 recovery wells, with an annual recovery capacity of 300,000 acre-feet (around 
370 million m 3 ); and 20,500 acres (8,296 ha) of land used for recharge, canals 
for conveyance to the percolation ponds, and habitat areas (Kern Water Bank 
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Authority  2012 ). The Bank currently stores around 1 million acre-feet of water 
(1.23 billion m 3 ) sourced from the Kern River and two major aqueducts (Kern Water 
Bank Authority  2012 ). 

 The Kern Water Bank is hailed by some as a fi nancial success that also creates 
valuable habitat (e.g., Thomas  2001 ). However, the project has also been dogged by 
controversy, including challenges to the transfer of the project from state to local 
ownership (Center for Biological Diversity  2010 ), and claims that the project is 
adversely affecting neighboring groundwater users. In litigation that is ongoing at 
the time of writing, neighboring water districts that overlie the same groundwater 
basin allege that a lack of control over the rate at which banked water is recovered 
has signifi cantly affected groundwater levels, quality, historic hydraulic gradients, 
and the regional environment (Petition for Writ of Mandate and Complaint  2010 ). 

 The complexity of the private legal arrangements among the Kern Water Bank 
parties and the issues in contention in litigation about the Bank’s operations 
underscore the legal uncertainty that a broad legal framework for MAR could help 
to resolve.  

2.3.4     Outstanding Challenges 

 The OCWD and Kern Water Bank cases point to key legal and technical challenges 
facing MAR in California. The relative ease with which the OCWD has been able 
to operate and fund its MAR project is due in part to its rare legislative framework, 
which provides it with specifi c powers to charge a groundwater ‘pump tax’ to pay 
for local basin replenishment. Recent California case law, further described in 
Sect.  3.3.3 , interprets groundwater charges as subject to the constitutionally 
 mandated requirement to gain the approval of local electors before imposing or rais-
ing fees. This may present a barrier to MAR, since the processes involved in order 
to comply with this requirement can be costly and burdensome (Soldani  2000 ). A 
further obstacle to MAR in California is posed by the legal requirement to seek the 
state’s permission to change the use of surface water intended to be stored using 
MAR (i.e., replenishment), since the surface water right was previously permitted 
for a different, direct use, such as irrigation (CWC §1,701). The lack of a broad legal 
framework for MAR in California also leaves uncertain other key legal issues 
 outlined in Sect.  2.3.1 , the clarifi cation of which could remove obstacles to the 
expansion of the practice. 

 MAR for IPR presents special issues. As agencies navigate the regulatory 
 framework and technological requirements for IPR, they now recognise that meeting 
public communication needs is an ongoing challenge, and that dialogue is essential 
for successful potable reuse. Although no studies to date have detected risks to pub-
lic health from recycled water use, pathogens as well as chemicals detected in 
wastewater streams from the production and use of pharmaceuticals and personal 
care products (‘emerging contaminants’) may ignite public health concerns – 
whether perceived or actual – in the use of recycled water (Toze  2006b ). 
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 Several IPR projects have been cancelled or indefi nitely postponed due to public 
concerns and perceptions of health risks, including a well-known San Diego case in 
which an IPR project was halted in 1998 following public opposition and political 
pressure (Barringer  2012 ; USEPA  2004 ). Signifying both continued water supply 
pressures in the region and potential change in attitudes towards recycled water for 
potable use, the City of San Diego recently began operating a one million gallon/
day (3,785 m 3 /day) Water Purifi cation Demonstration project to test a multiple- 
barrier treatment process that will produce recycled water of potable quality. In this 
case, advanced-treated recycled water will be used to augment a reservoir where it 
will be blended with additional potable water sources prior to withdrawal for 
 additional treatment via a drinking water facility (San Diego 2011). Even more 
signifi cantly, the U.S. National Research Council, which in 1998 described IPR as 
an option of last resort for drinking water, now concludes that the human health 
risks of IPR are similar to those from conventional drinking water sources (NRC 
 2012 ). This update represents the substantial growth in experience and knowledge 
gained from IPR projects implemented globally. While public opposition to IPR 
may be an ongoing challenge, coalescing scientifi c opinion promises to inform 
debates in its favor. 

 Section  2  has reviewed both negative and positive aspects of groundwater– 
surface water interaction. On the negative side, there is the potential for wells to 
deplete streams and for paved urban areas to reduce infi ltration to groundwater; on 
the positive side, there is the potential for MAR, including water banking and IPR, 
to provide valuable storage and supply. Legal challenges attend aspects of both: 
legal omissions in the case of wells depleting streams and, in the case of MAR, lack 
of a comprehensive management framework. Nonetheless, innovative techniques 
like IPR, multi-agency water banking, and recharge mapping demonstrate the value 
of recognising these interactions in the urban water setting.    

3      Interactions Between Urban and Rural Water Systems 

3.1     Background 

 As populations around the globe urbanise, interactions between water systems in 
urban and agricultural areas become increasingly important. Water transfers from 
historically high water-use agricultural areas have the potential to satisfy growing 
urban demands. Such transfers are the most common form of water transfer in the 
western U.S. states (Grafton et al.  2009 ). In the reverse direction, water law can 
facilitate the use of urban wastewater as a highly reliable water source for agriculture. 

 In California, where cities and agriculture compete for scarce and variable resources, 
there are a number of factors that make water markets particularly important. Under 
the ‘prior appropriation’ system of water rights that dominates Californian surface 
water, agricultural water rights are often the most ‘senior’ (and therefore most 
secure) rights during periods of scarcity, as they were typically put in place before 
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cities and their water rights appeared. Agricultural water rights account for around 
80 % of consumptive water use in California (California DWR  2009 ), are applied to 
a comparatively low-value end use, and present a tempting target for conservation. 
By contrast, cities have a high-value end use, but there is a potential diffi culty in 
dealing with the risk of water shortages associated with junior water rights. The 
 difference in value can be extreme: residents of San Diego can pay up to 75 times 
more for water than agricultural water users in the Imperial Irrigation District, 
which is 115 miles away (Grafton et al.  2009 ). Water transfers from agriculture to 
cities enable cities to manage risk, and agriculture to realise a higher value for water 
rights (Thompson  1993 ; Grafton et al.  2009 ). 

 However, agriculture–urban transfers invite concerns about their impacts on the 
long-term viability of the agricultural communities concerned. In particular, trans-
fers of water produced by land fallowing can decrease demand for farm labor and 
other inputs and increase per capita irrigation costs (Thompson  1993 ; Hanak  2003 ). 
Worries also arise that transfers move water from already poor inland communities 
to wealthy coastal communities, and the Owens Valley to Los Angeles transfer in 
the early twentieth century is a notorious historical precedent of community decline 
in response to such a transfer (Hanak  2003 ; Libecap  2009 ). More intangibly, such 
transfers contravene an ethic in some communities that a district’s water is a local 
community resource that should be used to promote local agriculture. This discour-
ages elected local district leaders from supporting transfers, which would damage 
their chances of re-election (Thompson  1993 ). Other opponents of transfers point to 
the loss of agricultural return fl ows and the incidental environmental benefi ts of 
agricultural land, for example, rice and cornfi elds that support waterfowl and endan-
gered snake species (California DWR  2009 ; Hanak et al.  2011 ; Water Transfer 
Workgroup  2002 ). Section  3.2.2  describes how these concerns were addressed in a 
large-scale agriculture-to-urban transfer from the Imperial Irrigation District to San 
Diego. Section  3.2.3  profi les a much smaller-scale, and still developing, water 
‘exchange’ project between agriculture and urban communities, which seeks to 
improve both water quality and supply. 

 Partly to accommodate demands to transfer water from agriculture to cities, 
Californian agriculture is attempting to access new, secure water sources, including 
urban wastewater; here, the outcome is effectively to transfer water from cities to 
agriculture. Approximately 30 % of recycled water production in California is 
already used for agricultural irrigation, the greatest single use of recycled water in 
the state (SWRCB  2011 ). In coastal regions, the recycling of water frees up supplies 
that would otherwise be discharged to the ocean, without impacts on downstream 
users. In addition to providing water supply, treated wastewater contains nutrients 
such as nitrogen and phosphorus which, when properly managed, may allow farm-
ers to reduce their use of chemical fertilisers without adverse impacts (USDA- 
CSREES  2008 ). Section  3.3.2  describes a celebrated example of water reuse for 
agriculture in Monterey. 

 To comply with regulatory requirements, reusing wastewater for agricultural 
 irrigation can be expensive, and involve investment in high-cost technology and 
distribution facilities, factors which often limit the economic feasibility of the 
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 practice (Bischel et al.  2013 ). These costs have meant that cost recovery has become 
a central issue, and the establishment of rates for water and recycled water systems 
is a problem when there are both direct and indirect benefi ciaries of a project. The 
case of the Pajaro Valley Water Management Agency, described in Sect. 3.3.3, dem-
onstrates an ongoing struggle to address this issue.  

3.2     Transferring Water from Agriculture to Cities 

3.2.1     The Californian Regulatory Approach: Managing the Potential 
for Adverse Impacts 

 California water policy explicitly encourages, and heavily regulates, some water 
transfers (California DWR  2009 ). The SWRCB regulates the transfer of permitted 
water rights, where that transfer involves changing the point of diversion, place of 
use, or purpose of use of the water right. Long-term (greater than 1-year) transfers 
must not cause ‘substantial injury’ to other water users, nor ‘unreasonably affect’ 
fi sh, wildlife, or other instream benefi cial uses (CWC §1,736). Transfers must also 
comply with California’s environmental impact assessment legislation. To prevent 
transfers contributing to groundwater overdrafting, the state restricts the ability of 
water suppliers to transfer surface water and then increase pumping of groundwater 
(CWC §1745.10). Aspiring transferors must also secure permission to convey 
(‘wheel’) the water to its new location, which can involve meeting federal and state 
economic and environmental requirements for using north–south conveyance 
 facilities (CWC §1,810(d)). Finally, counties and individual irrigation districts also 
regulate water exports using ordinances and bylaws, which often seek to manage 
indirect economic effects on local communities (Hanak  2003 ).  

3.2.2      Making a Large Agriculture–Urban Transfer in Southern 
California: The Imperial Irrigation District to San Diego 

 One of the most signifi cant, complex, and controversial agriculture-to-urban trans-
fers in California occurred in 2003, with the signing of a series of agreements to 
transfer 200,000 acre-feet (247 million m 3 ) of water per year from the Imperial 
Irrigation District (IID) to the San Diego County Water Authority (SDCWA). The 
initial period of the transfer was 45 years, at an initial cost of US$248 per acre-foot 
(US$0.20/m 3 ). The IID, which uses water from the Colorado River for irrigation, 
has committed to transfer to the SDCWA a portion of water conserved by fallowing 
land, increasing on-farm effi ciency, and lining a major canal (Davids Engineering 
Inc. et al.  2007 ). 

 Responding to local concerns over the socioeconomic effects of the transfer, the 
IID and SDCWA each contributed to a fund (US$40 million and US$10 million, 
respectively) designed to mitigate these impacts. This fund has been recognised as 
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a signifi cant innovation that provides a useful model for future large-scale transfers 
(Hanak et al.  2011 ). Projects proposed for funding are independently reviewed and 
rated according to predetermined criteria, and must either directly mitigate negative 
socioeconomic impacts that result from land fallowing, or indirectly stimulate the 
regional economy (IID  2010 ). A construction company, a public education and job 
placement service, a non-profi t socioeconomic justice and community development 
organisation, and a non-profi t food bank are among recent successful applicants 
(IID  2011 ). 

 Environmental concerns also attend the transfer. Reducing irrigation in the IID 
decreases the volume of crop runoff that fl ows to the Salton Sea, a vast man-made 
lake that now harbors endangered birds and fi sh (Hanak et al.  2011 ). The transfer 
has the potential to impact lake levels, water quality, habitat, and air quality, due to 
dust created as the lakebed becomes exposed and dries, and requires approval under 
federal and state environmental legislation. Various environmental mitigation mea-
sures are required, including providing water directly to the Salton Sea to maintain 
salinity levels, building bird roosting sites, creating replacement habitat, and 
 relocating stranded fi sh (IID  2003 ). The transfer has been subject to intense and 
ongoing multi-party litigation, particularly in relation to who should pay for these 
mitigation measures (Quantifi cation Settlement Agreement Cases  2011 ; Davila  2012 ). 

 The IID–San Diego transfer shows the potential complexity of linking agriculture 
and urban water sources, made even more challenging by environmental and 
community concerns; to address these concerns, an innovative approach involving 
economic and environmental mitigation measures has been implemented.  

3.2.3       Exchanging Water Sources Between Agricultural and Urban Users 
in the Central Valley 

 In addition to large-scale, quantity-focused water trades, unconventional small- 
scale water ‘exchanges’ between urban and agricultural areas can be used to achieve 
both water quality and supply benefi ts. The Alta Irrigation District (AID) in California’s 
Central Valley is presently developing the Eastside Water Quality and Reliability 
Project, which aims to do exactly that. The AID overlies the Kings Sub- basin, a 
state-designated critically overdrafted basin, the groundwater levels of which have 
decreased by over 40 ft in the past century (AID  2010 ). The project aims to use 
water recharge facilities and an agriculture–urban water exchange to provide drinking 
water to local disadvantaged communities, which presently rely on low- quality local 
groundwater; it also aims to increase the availability of irrigation water for AID 
farmers, who currently rely chiefl y on surface water (AID  2010 ; Kapheim  2012 ). 

 One component of the project will involve artifi cially recharging the aquifer 
underlying the AID using two state-funded recharge ponds that will receive storm-
water and fl oodwater. Around 85 % of this stored water will be permitted to be 
supplied to AID farmers using AID-owned wells and a new pipe or canal network 
(AID  2010 ; Kapheim  2012 ). Under the second component of the project, the AID 
will exchange its water right from the Kern River, which runs through the district, 
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for an allocation of water (owned by a third party) from the Friant-Kern Canal, 
which runs closer to the nearby town centers of Cutler and Orosi. AID will then 
construct a new treatment plant to treat the imported surface water, and provide it 
for urban uses to reduce urban reliance on contaminated groundwater (AID  2010 ; 
Kapheim  2012 ). 

 The project aims to provide both water quality and supply benefi ts. The fi rst 
component will increase the availability of irrigation water by harvesting currently 
uncontrolled water and reducing losses from conveying surface water to farmers 
who will switch to using stored groundwater. Cutler and Orosi will obtain access to 
better quality treated surface water. Finally, the project aims to improve regional 
groundwater levels and groundwater quality through the 15 % of good quality, 
 artifi cially recharged water that will remain unavailable for extraction. 

 While the two recharge ponds are close to being fully operational at the time of 
writing, the project must still undergo a lengthy series of public health, environmen-
tal, and fi nance approvals before it may proceed, following the conclusion of an 
ongoing (as of 2013) feasibility study (Kapheim  2012 ). 

 Projects that link and benefi t urban and rural communities simultaneously are 
uncommon in the Central Valley. This one was driven, at least in part, by links 
formed between urban and rural water users and a local community water justice 
organisation during the preparation of the AID’s GWMP (Kapheim  2012 ). This 
again confi rms the value, in linking institutions, of a water planning framework, as 
it facilitates projects that not only recognise interactions but use them in a way to 
create multiple benefi ts for urban and rural communities alike.  

3.2.4    Outstanding Challenges 

 Many challenges continue to limit agriculture-to-urban transfers in California. 
Since 2007, restrictions on pumping in the Sacramento–San Joaquin Delta to pro-
tect endangered species have prevented some water transfers. Previously, such 
restrictions caused the price of transfer water to increase signifi cantly (California 
DWR  2009 ). Concerns over other environmental and third-party impacts continue, 
the latter particularly in relation to transfers made possible by land fallowing 
(California DWR  2009 ; Hanak et al.  2011 ). The complexity of gaining approval for 
large water transfers that involve wheeling agreements can also be problematic. 

 Nonetheless, opportunities for innovation present themselves. Transfers of water 
can be timed to coincide with species’ needs for high fl ows (California DWR  2009 ). 
Transfers can also create dual water quality and supply benefi ts. Funding mecha-
nisms can be used to mitigate any adverse socioeconomic effects of transfers and 
create long-term employment opportunities in disadvantaged farming communities. 
Water transfers can also be used in the context of MAR (as in the case of the Kern 
Water Bank) to create innovative water banking projects, whereby rural landowners 
store water in underground aquifers and sell it to urban communities when required.   
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3.3     Transferring Urban Wastewater from Cities to Agriculture 

3.3.1    The California Regulatory Approach: Recycled Water Standards 

 California began using reclaimed water for agriculture in the 1800s, and has since 
developed stringent regulations to govern its treatment and use. Following 
 widespread use, and with a proven safety record, state-based regulatory frameworks 
for agricultural reuse are generally well established in the U.S.A., although irriga-
tion of raw-eaten food crops is prohibited in some states (NRC  2012 ). Recycled 
water regulations in California, codifi ed in Title 22 of the California Code of 
Regulations (‘Wastewater Reclamation Criteria’), seek to ensure public safety and 
require high water quality whenever contact with humans may occur; isolated 
 distribution from potable sources must occur via parallel ‘purple pipe’ infrastructure 
(USDA- CSREES  2008 ).  

3.3.2      Meeting Water Demands and Alleviating Overdraft: Establishing 
Irrigation Using Reclaimed Water in Monterey 

 In an early, widely acclaimed example of transferring urban wastewater to agricul-
ture, the Monterey Regional Water Pollution Control Agency began using recycled 
water for agricultural irrigation as part of the Castroville Seawater Intrusion Project 
in 1998. Facing the threat of saltwater intrusion due to extensive withdrawal of 
groundwater for irrigation, California’s Central Coast Regional Water Quality 
Control Board recommended using reclaimed wastewater for crop irrigation and 
river enhancement in its 1974 water quality management plan (Asano et al.  2007 ; 
Engineering-Science  1987 ). Using reclaimed water for irrigation near Monterey 
also provided a potential tool for securing consistent yields and quality of produce 
from the agricultural region of the lower Salinas Valley in Monterey County. The 
concern about saltwater intrusion and the opportunity to use recycled water in agriculture 
constituted a unique set of environmental and economic incentives to implement an 
agricultural water reuse project. However, in light of the uncertainty about the health 
effects and the public’s opinion about reclaimed wastewater used for raw-eaten 
crops, the management plan recognised the importance of proving the safety of 
reclaimed wastewater prior to regional implementation. 

 An extensive set of full-scale fi eld studies, part of the Monterey Wastewater 
Reclamation Study for Agriculture (MWRSA), commenced in 1980 and continued 
with water, soil, and plant tissue analysis over 5 years. This analysis was accompa-
nied by public health, cost, and feasibility assessments. The 1987 MWRSA fi nal 
report recommended full use of the projected 30 million gallons/day (1.3 m 3 /s) fl ow 
of recycled water for the duration of each 8-month irrigation season in the Castroville 
area (Engineering-Science  1987 ). The MWRSA report declared irrigating 
raw- eaten food crops with fi ltered secondary municipal wastewater to be as safe as 
irrigation with well-water. 

22 Issues of Governance, Policy, and Law in Managing Urban–Rural…



482

 As the fi rst large-scale water reuse investigation of its kind, the MWRSA study 
design has been used widely as a standard for planning the use of reclaimed waste-
water for agricultural irrigation (Asano et al.  2007 ).  

3.3.3      Paying for Reclaimed Water in Agricultural Reuse Programs: 
The Pajaro Valley Case 

 Like Monterey’s program, a major driver for using recycled water in the Pajaro 
Valley was to prevent seawater intruding into the groundwater basin by providing an 
alternative to coastal groundwater pumping. The program operates as a partnership 
between the Pajaro Valley Water Management Agency (PVWMA) and the City of 
Watsonville, which owns the wastewater treatment plant. Financial woes and legal 
battles have troubled the program since its inception. 

 In 1984, the PVMWA was created to manage surface and groundwater resources 
in the Pajaro Valley (CWC App. 124; McNiesh and Wichelns  2004 ). A series of 
lawsuits fi led from 2002 onwards has challenged the legality of rate increases 
approved by the PVMWA’s governing board to pay for its water distribution and 
recycled water scheme. Early disputes arose over the issue of the ‘zone of benefi t’, 
which defi nes who receives benefi t from improvement projects and therefore should 
be billed for project costs. Determining this zone is required by California’s 
Constitution (Proposition 218, Articles XIII C and D), under which agencies must 
prove that they comply with certain substantive and procedural requirements before 
imposing or increasing certain fees and charges. The PVWMA did not comply with 
these requirements, leading inland farmers, who were charged increased rates but 
did not directly receive project water, to question the legality and equity of the 
chosen rate structure (Wagner  2008 ). 

 In 2007, the California Court of Appeals reversed a series of judgments that had 
upheld the PVWMA fees, invalidating the increased charge and forcing the PVWMA 
to pay compensation and legal fees ( PVWMA v. Amrhein 2007 ). Subsequently, the 
PVWMA expended considerable effort to comply with the provisions of Proposition 
218 to increase rates in 2010. Further lawsuits followed, challenging fees related to 
the use of recycled water, but were ultimately decided in PVWMA’s favor (PVWMA 
 2011 ). In their current form, the rates distribute costs among all Pajaro Valley water 
users to pay for operating and maintaining the supplemental water scheme (which 
includes recycled water), with differing fees for those inside and outside water 
delivery zones. 

 The PVWMA example illustrates that Californian projects establishing links 
between urban and agricultural water systems must contend not only with water 
laws, but also with burdensome administrative requirements. More broadly, it shows 
how the potentially high cost of water reuse programs, and the need to fairly distribute 
these costs, can prove a signifi cant obstacle to building this interaction.  

R. Nelson et al.



483

3.3.4    Outstanding Challenges 

 Despite established state frameworks and successful water reuse programs – such as 
the Monterey project – the absence of regulatory guidelines or limits for emerging 
contaminants, discussed above in Sect.  2.3.4  in the context of IPR, has led to uncer-
tainty over the health risks of recycled water in other reuse contexts. Management 
concerns regarding water quality halted a recycled water project for streamfl ow 
augmentation (Plumlee et al.  2011 ) and arose as a public concern in Redwood City, 
California, for a landscape irrigation project (Ingram et al.  2006 ). 

 Nonetheless, following the implementation of a wide range of projects, many com-
munities have become more familiar with the advantages of water reuse, such as its 
reliability as a water source (NRC  2012 ). Disseminating research regarding water qual-
ity and human health risks from agricultural irrigation may also help combat negative 
public perception regarding the health risks of using recycled water for food crops 
(USDA-CSREES  2008 ). This will help the public to understand the concentrations of 
chemicals that may be damaging to agricultural yields or to soil conservation, as well 
as the appropriate treatment technologies applied to minimise human health risks. 

 In addition to resolving human health concerns, expanding the use of recycled 
water for agricultural irrigation requires consideration of how applied recycled 
water interacts with the surrounding environment. Salinity problems in agricultural 
drainage, for example, could require a reduction in the amount of recycled water 
applied for irrigation (Toze  2006a ). Opportunities should be identifi ed and imple-
mented to reuse drainage water, either for more salt-tolerant crops or for decentral-
ised collection and treatment (Reinhardt et al.  2005 ; USDA-CSREES  2008 ). 

 Even where water quality concerns have been resolved, the high costs of developing 
schemes to reuse urban wastewater for agriculture may stand in the way of expanding 
the practice. To reduce overall costs, reusing wastewater for agricultural irrigation 
commonly requires treatment facilities located in close proximity to the recycled 
water end-users (USDA-CSREES  2008 ). In California, opportunities to reuse water 
for agriculture, the so-called ‘low-hanging fruit’, have quite often already been 
identifi ed and established (California DWR  2003 ). A legal framework that facili-
tates linking new recycled water sources with geographically proximate heightened 
water demands – perhaps through IRWMPs – could help to expand water reuse. 
Corresponding technological innovations that introduce new strategies for distrib-
uted recycled water facilities would complement such a framework. For example, 
distributed water reuse technologies such as membrane bioreactors show promise 
for tailoring recycled water treatment schemes with irrigation water quality require-
ments (Meuler et al.  2008 ). 

 Section  3  has illustrated how linking rural and urban water systems can create 
benefi ts, but also controversy. Californian water laws and institutional arrangements 
tend to make large-scale agriculture-to-urban transfers very complex, as shown 
by the IID–San Diego transfer. Strong community concerns can accompany such 
transfers, as well as urban-to-agriculture wastewater reuse projects, despite successes 
such as the MWRSA. Additional administrative requirements to hold local elections 
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to raise fees can also stand in the way of projects to create wastewater transfers, as 
has happened in the Pajaro Valley.    

4     Conclusion 

 Hydrological reality has long challenged water law, which traditionally has failed to 
refl ect the interconnection among the various parts of water systems. This chapter 
has shown how sophisticated laws and policies can, in the urban setting, refl ect the 
complexity of water systems in two key areas: groundwater–surface water interaction, 
and agriculture–urban water system interactions. 

 Laws that control the impacts of pumping groundwater on surface water can 
restrict the water supplies available to urban utilities, as Cal-Am experienced keenly 
on the Carmel River. An important issue in this context is how to draw the line, for 
legal purposes, between connected and unconnected water sources in order to  control 
the impacts of groundwater pumping on streams. Innovative mitigation programs 
could help reduce the economic costs of controlling these impacts. Water policy can 
encourage utilities to better manage these connections under voluntary groundwater 
management plans, such as Zone 7’s, which maps recharge areas. On a more positive 
note, groundwater–surface water interactions can provide agencies with a signifi cant 
opportunity to increase their storage capacity by percolating or injecting stored water 
into aquifers. Legal frameworks for undertaking MAR and water banking using 
MAR can facilitate such projects, like those of the OCWD and the Kern Water Bank, 
by reducing key sources of legal uncertainty that can otherwise stifl e projects. A util-
ity’s ability to fund groundwater replenishment using pump taxes has been key to the 
success of the OCWD, whereas funding obstacles have proved particularly problem-
atic in the case of the PVWMA’s water reuse scheme. 

 State and local laws can facilitate agriculture-to-urban transfers and help to 
manage their potentially adverse socioeconomic and environmental effects. 
Environmental and socioeconomic mitigation measures such as those used in the 
IID to San Diego transfer can help alleviate concerns that attend such transfers. The 
combination of water rights laws, water wheeling requirements, environmental 
laws, and socioeconomic concerns can make transfers fi endishly complex, and may 
stifl e the ability of cities to satisfy new urban demands with agricultural water. On 
the other hand, the AID’s Eastside Water Quality and Urban Reliability Project 
suggests that innovative water exchanges can be designed to achieve benefi ts for 
both urban and agriculture communities. Turning the typical form of this interaction 
in reverse, agricultural irrigation projects using urban wastewater can successfully 
meet regulatory requirements for water quality – even for raw-eaten food crops, as 
shown by the MWRSA and PVWMA. However, public acceptance is an ongoing 
challenge, particularly with respect to emerging contaminants. Ensuring adequate 
funding for these projects, which can be quite expensive, is another major issue, 
particularly where local landowners receive indirect benefi ts but may not wish to 
shoulder costs, which proved highly contentious for the PVWMA. 
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 A water planning approach is a frequent element of law and policy mechanisms for 
managing these core interactions. Such an approach helps make connections across differ-
ent water management institutions, water sources, and parties to water banking arrange-
ments, as well as between land and water and between urban and rural communities. 

 The interactions discussed in this chapter represent areas of physical and political 
complexity with which water law, policy, and institutions have, traditionally, most 
struggled. Indeed, as well as successes and innovations, this tour of California laws 
and projects has shown many ongoing challenges in dealing with these interactions. 
Yet refocusing laws and policies on these areas of interaction promises great bene-
fi ts – safeguarding instream fl ows from inadvertent depletion, maximising water sup-
plies, storage, and reliability, and creating synergies in water management – benefi ts 
that are critical in an urbanising, water-scarce, and ecologically strained world.     
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    Chapter 23   
 Integrated Management of Urban Water 
Supply and Water Quality in Developing 
Pacifi c Island Countries 

             Ian     White      and     Tony     Falkland    

1            Introduction 

 The general fragility and unique vulnerability of small island countries in the Pacifi c 
(see Fig.  23.1 ) to climatic, demographic, economic, and development pressures, as 
well as to natural hazards and extreme events, has been widely acknowledged for a 
long time (UNDESA  1994 ). So too has been the diversity of their geography, 
geology, and sources of available freshwater (Table  23.1 ). These are is particularly 
evident when it comes to managing the freshwater supply systems in urban centres 
on small islands whose typical land area is only 1–10 km 2 . Some population centres 
in the Pacifi c and Indian oceans are close to – or have already exceeded long-term 
sustainable water extraction limits (White and Falkland  2011 ). Frequent severe 
droughts the El Niño–Southern Oscillation (ENSO), fl oods, cyclones, tsunamis, 
earthquakes, and volcanic eruptions coupled with limited resources and the capacity 
to respond to extreme events, compound freshwater supply problems. 

   Sparse island communities have demonstrated their remarkable resilience in the 
face of climatic extremes and natural hazards over the last 1,000–12,000 years. Despite 
limited fi nancial, technological, and infrastructure resources, the well- developed 
local institutions, resilient social systems, sensitivity to environmental change, and 
the high value placed on equity in Pacifi c islands have provided capacities for 
adapting to threats and change and have allowed low density subsistence populations 
to survive (Barnett  2001 ). 
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 Traditional coping mechanisms and customary rights and values, however, 
appear mismatched to the demands, responsibilities, and altered social dynamics of 
high-density urban centres, many of which are in an interactive phase between sub-
sistence and urban living (Jones  1997 ; White et al.  1999a ,  2008 ). To compound 
problems, many smaller Pacifi c island countries (PICs) have few trained water and 
sewage management personnel, and limited resources with which to tackle the chal-
lenges of urban living. The predicted effects of climate change, particularly sea- 
level rise (BOM and CSIRO  2011 ), add to the already complex challenges faced in 
urban centres in PICs. 

 Our initial entrée into this sector in the Pacifi c was as hydrologists and water 
engineers. Over the years it has become increasingly apparent that many factors 
beyond the technical contribute to the success or failure of water and sanitation 
projects in the region, and require attention. In this chapter, we outline the interac-
tions between technical, climatic, social, and cultural factors in urban water supply 
and water quality in PICs. In working in many PICs over the last 35 years, our 
experience has been that to improve urban water supplies, policy makers, donors, 
and practioners need to recognise and address these complex interactions in an inte-
grated way. Single-issue, infrastructure-focused solutions that have not engaged 
local communities have had a poor success rate in the region. 

1.1       Water Security in PICs 

 A recent report (Falkland  2011 ) compared risks to water security from both climate 
change and non-climate factors in East Timor and 14 selected PICs – Cook Islands; 
Federated States of Micronesia (FSM); Fiji; Kiribati; Nauru; Niue; Palau; Papua 

  Fig. 23.1    Location of some of the Pacifi c Island countries in the central and south Pacifi c (PCCSP 
 2010 )       
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New Guinea (PNG); Republic of Marshall Islands (RMI); Samoa; Solomon Islands; 
Tonga; Tuvalu; and Vanuatu (see Fig.  23.1 ). It concluded that, throughout the region 
out to the year 2030, the non-climate factors: increasing water demand; water 
pollution due to expanding populations; leakage from pipe systems and unaccounted- 
for water; poor water governance; and inadequate management; pose much greater 
risks to water security than does climate change. The most vulnerable areas identifi ed 
were: densely populated urban and peri-urban settlements; remote communities; 
and communities in low-lying areas, particularly those in low coral atolls and 
carbonate islands with no fresh groundwater resources.  

   Table 23.1    Geographical and geological characteristics of Pacifi c Island countries and East 
Timor, and main sources of freshwater (Adapted from Falkland  2011 )   

 Country 
 Land area 
(km 2 ) 

 Number 
of atolls 
or islands 

 Highest 
elevation 
(m)  Island geology 

 Main freshwater 
sources a  

 Cook Islands  237  15  652  Volcanic, limestone, 
atolls, mixed 

 SW, GW, RW 

 Federated States 
of Micronesia 

 701  607  791  Volcanic, atolls, 
mixed 

 SW, GW, RW 

 Fiji  18,273  322  1,324  Volcanic, limestone, 
atolls, mixed 

 SW, GW, RW, 
D (resorts) 

 Kiribati  811  33  87  Atolls & reef islands, 
limestone island 

 GW, RW 

 Nauru  21  1  71  Limestone  RW, GW 
(limited) 

 Niue  259  1  68  Limestone  GW, RW 
 Palau  444  ~250  213  Volcanic, with some 

limestone 
 SW, GW, RW 

 Papua New 
Guinea 

 462,840  ~600  4,509  Volcanic, limestone, 
atolls, reef islands, 
mixed 

 SW, GW, RW 

 Republic of the 
Marshall Islands 

 181  34  10  Atoll and reef islands  SW, GW, RW, 
D (emergencies) 

 Samoa  2.785  10  1,857  Volanic  SW, GW, RW 
 Solomon Islands  30.407  922  2,335  Volcanic, limestone, 

atolls, reef islands 
 SW, GW, RW 

 Tonga  650  176  1,033  Volcanic, limestone, 
reef islands, mixed 

 GW, RW, SW 
(limited) 

 Tuvalu  26  9  6  Atolls  RW, GW (limited), 
D (emergency) 

 Vanuatu  12,281  82  1,877  Volcanic with coastal 
sands and limestone 

 SW, GW. RW 

 East Timor  14,922  3  3,033  Mixed igneous, 
metamorphic, and 
sedimentary 

 SW, GW, RW 

   a  SW  surface water,  GW  groundwater,  RW  rainwater harvesting,  D  seawater desalination  
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1.2     Urbanisation and Water Quality 

 Across the Pacifi c region, the percentage of urban dwellers in total populations 
ranges from about 20–100 %. About 50 % of islanders in the region are able to 
access improved water supplies although not all urban centres have treated, reticu-
lated water supplies, as evidenced by the health statistics for water-borne illnesses 
(WHO  2005 ). Increasing urban population growth and inward migration (Ward 
 1999 ) mean that population densities are often high, with some exceeding 10,000 
people/km 2 . These densities, inadequate sanitation, the added burden of waste from 
domestic animals (especially pigs), and rudimentary waste disposal systems mean 
that the quality of shallow groundwater or neighbouring streams, on which com-
munities depend, is often compromised. As a result, death rates and diseases due to 
preventable water-borne illnesses are tragically high in PICs, particularly among 
infants and the elderly (Fig.  23.2 ).  

 Following a major diarrhoeal outbreak in children in urban South Tarawa, the 
capital of Kiribati (Fig.  23.1 ), where treated freshwater remains in chronic short 
supply, the government of the republic requested assistance in upgrading water sup-
ply and sanitation systems. A fi eld appraisal of the situation by the Australian 
International Assistance Bureau’s (AIDAB) Pacifi c Regional Team (AIDAB  1993 ) 
concluded that the problem in South Tarawa was critical and should be addressed in 
as comprehensive manner as possible if sustainable and effective development was 

  Fig. 23.2    Comparison of infant (<5 years) mortality rates per 1,000 due to diarrhoeal diseases for 
selected countries (data from WHO  2005 )       
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to be achieved. It recommended a multidisciplinary, coordinated, long-term (at least 
10 years) program with multiple components, including community health, educa-
tion, water supply, sanitation, appropriate technology, and institutional strengthen-
ing and management, all conducted in parallel and with annual budgets of several 
million (1990) Australian dollars (AU$). 

 Sadly, this early recommendation for strategic integrated water resource man-
agement (IWRM, see e.g. Carpenter and Jones  2004 ), which embraced the cultural, 
social, governance, economic, geographic, and climatic contexts was shelved. 
Nonetheless, the Regional Team’s appraisal exemplifi es the fact that responses 
based on infrastructure alone are inadequate to meet the complex interacting factors 
encountered in urban water supply systems in the Pacifi c.  

1.3     Scope of This Chapter 

 We concentrate in this chapter on freshwater management in urban settlements in 
PICs, recognising the important climatic, hydrogeological, cultural, and social con-
texts within which water supply is managed. Water supply systems in urban areas in 
the Pacifi c are extremely diverse, ranging from reverse osmosis desalination plants, 
through fully treated reticulated and treated water supply systems, to household rain 
tanks and shallow household groundwater wells bailed out with a bucket. Many 
households use multiple water sources of varying water quality, including seawater 
to supply their water needs. Despite this diversity, there are some common themes 
which apply across most urban areas. 

 Application of simple single-issue solutions, such as water infrastructure devel-
opment or imposition of water tariffs, to complex urban water supply challenges in 
PICs have tended to be unsuccessful. Approaches are required which recognise the 
geographic, climatic, cultural, social, and economic contexts and the strengths and 
resilience of Pacifi c islanders and address the key issues broadly. We examine in this 
chapter issues connected with island development and water, water governance, 
assessment and monitoring of water resources, management and protection of water 
sources, management of demand and losses, capacity building, and the role of 
regional organisations and community empowerment in coping with climate vari-
ability and change.   

2     Development, Water, and Aid 

 It has long been recognised that water plays an important role in creating wealth and 
in advancing national development (see e.g. AusAID  2003 ). Donor agencies have 
consequently funded many large water infrastructure projects in small island com-
munities. It has been pointed out, however, that these have resulted in the loss of 
householder responsibility for water conservation and protection (Crennan  2002 ). 
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In other developing regions, widespread criticism of aid infrastructure projects has 
led to calls for ‘pro-poor’ development growth assistance with emphasis on 
improved management effi ciency, institutional reforms, and community participa-
tion. Poverty in the Asia–Pacifi c is claimed to stem from institutional weakness and 
policy failures that prevent countries from taking advantage of the opportunities of 
globalisation and coping with its risks (Kaosa-ard  2003 ). 

 Lessons from other regions in the world that rely on freshwater both for subsistence 
and development are pertinent to PICs. In the Mekong, six factors have been identifi ed 
that could cause relative poverty or disadvantage to increase (Kaosa-ard  2003 ).

    1.    Continuing deterioration of natural resources, on which the poor depend;   
   2.    The confl ict between national laws and customary rights;   
   3.    Spending of public resources on large infrastructure projects rather than on 

social investment;   
   4.    Inherent inability to transfer the opportunities of globalisation to the poor and its 

relation to property rights;   
   5.    Institutional failures, confl icting jurisdictions and agendas between government 

agencies; and   
   6.    Reluctance to empower community participation in natural resource management.    

  Some of these factors are apposite to PICs. It must be emphasised, however, that 
most Pacifi c islanders own or have access to land, so that true poverty as understood 
by Pacifi c people in the sense of landlessness is seldom encountered in the region 
(Barnett  2005 ; Pacifi c Forum Secretariat  2007 ). Also, the potential for small island 
communities to participate in the benefi ts of globalisation through improved irriga-
tion are limited by restricted land areas, acute water shortages during dry times, and 
their isolation from markets. Some niche markets exist, such as the production of 
squash pumpkins in Tonga (van der Velde et al.  2007 ), but these are mainly confi ned 
to larger, higher, volcanic islands with fertile soils. Tourism could increase wealth 
generation in atolls, as in the Maldives, but it has high per capita water demands. 

 Aid and donor programs addressing institutional and governance weakness, 
 policy failure, property and customary rights, community empowerment, and the 
deterioration of water and associated land resources – together with providing the 
broad community with appropriate knowledge and information – may provide the 
greatest benefi ts in PICs (White et al.  2007a ). These, however, require long-term 
commitment and partnerships with regional, local community, and non-government 
organisations.  

3     Water Governance 

 Impaired governance is claimed to be the main obstacle to better and more equitable 
water sharing, and improved water supply and services, in many water-stressed 
countries (Solanes and Jouravlev  2006 ; UNWWAP  2006 ). Importantly, improved 

I. White and T. Falkland



495

governance is one of the four key priorities of the 2005 Pacifi c Plan (Pacifi c Islands 
Forum Secretariat  2007 ). One of the Plan’s key governance strategies is ‘improved 
transparency, accountability, equity and effi ciency in the management and use of 
resources in the Pacifi c’. This strategy recognises that there are signifi cant challenges 
in the governance of natural resources in the region which are especially evident in 
the water sector. This is emphasised in the Pacifi c Regional Action Plan (RAP) on 
Sustainable Water Management (SOPAC and ADB  2003 ) which identifi es common 
themes across the Pacifi c region and calls for:

    1.    National water sector assessments;   
   2.    Broadly-based national water vision;   
   3.    National water action agenda and plans;   
   4.    Empowerment of communities;   
   5.    Design of capable institutions;   
   6.    Integrated investment plans;   
   7.    Regional support; and   
   8.    Dialogue with investors and donors.    

  Problems identifi ed by the RAP included the general absence of national govern-
ment water policy; implementation plans; water resource legislation; and a lack of 
capacity and resources to develop and implement them. Public policy is an authori-
tative response by government to public issues or problems that provides leadership, 
direction, coordination, and resources (Bridgman and Davis  2004 ). The absence of 
national policy, legislation, implementation plans, and whole-of-government and 
community national steering committees in some PICs means that government pri-
orities in the sector remain unspecifi ed; resources are not directed towards particular 
needs; the roles and responsibilities of government agencies are not clearly defi ned; 
and, in many cases, there is no legal protection for water sources. In addition, there 
is a general absence of peak national water and sanitation bodies made up of mem-
bers drawn from relevant ministries, agencies, and community organisations to 
advise government. A summary of the current state of progress in water governance 
in 14 PICs as well as East Timor is shown in Table  23.2 .

   Several of the countries in Table  23.2  have, with external assistance, had draft 
policies, plans, and legislation prepared, some for several decades, but they have 
not been submitted to parliament for consideration and endorsement. Table  23.2  
refl ects a general reluctance to announce national water policies and plans, enact 
national water legislation, defi ne rights and responsibilities, adopt whole-of-gov-
ernment approaches, and involve communities in planning and managing water 
resources and related land resources. Part of this reluctance stems from the fact 
that, until recent urbanisation, water supply was largely an extended family or clan 
responsibility, while sanitation was an individual concern. Many PICs, however, 
have recent intermediate- to long-term sustainable development policies, plans, 
and vision statements in keeping with the Pacifi c Plan, most of which refl ect the 
general community aspiration for improved and safer water supplies and appropriate 
sanitation services (see e.g. NDS  2011 ). 
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3.1       Resource Ownership and Customary Rights 

 Part of the reluctance to endorse national water policy, plans, and legislation stems 
from wide-spread customary rights and the tradition that land ownership implies 
resource ownership, including adjacent surface water and underlying groundwater 
(White et al.  2007a ). In many PICs, virtually all land is owned by traditional owners. 
This means the creation of water reserves on privately owned land to protect streams, 
catchments, reservoirs, or groundwater sources creates confl icts between governments 
and landowners, sometimes resulting in vandalism of water infrastructure (White 
et al.  1999a ), disruption of services, or blockades, leading to the abandonment of 
suitable public water or hydropower sources (Low  2011 ). 

 Land ownership is fundamentally important in many PICs and is complex and 
very diverse even within single countries (Foukonga  2007 ). It is the primary source 
of wealth. Traditionally it confers subsistence rights, including fi shing rights, on 
land owners and also provides a social security system for parents through the 

Country
Water and 
sanitation 
policy

Water 
legislation

IWRM 
plans or 
similar

National 
water and 
sanitation 
committee or 
similar

Cook Is

Federated States of Micronesia

Fiji 

Kiribati

Nauru

Niue

Palau

Papua New Guinea

Republic of the Marshall 
Islands

Samoa

Solomon Is

Tonga

Tuvalu

Vanuatu

East Timor

     Table 23.2    Summary of water governance progress in 14 selected PICs and East Timor (modifi ed 
from Falkland  2011 ). Dark grey – absence of instrument; light grey – draft instrument exists   ; 
no shading – instrument exists       
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prospect of inheritance by their children who are therefore obliged to care for their 
parents (Jones  1997 ). The concept of ‘public use’ – of governments controlling 
private family lands for water supply to communities and villages remote from the 
water reserve – is often considered to be to the detriment of local obligations to the 
extended family and the local community. ‘Public use’ is a foreign concept in many 
island communities. From the landowner’s view, their long-term relationship with 
the land and its role in providing daily food for subsistence living for family members 
far outweighs any need of the government for public good (Crennan  1998 ). 

 In many PICs, constitutional law has supplanted customary law. The deep-
seated belief, however, that land ownership also confers water ownership means 
that governments are reluctant to enact water policy or legislation which specifi es 
that freshwater resources belong to the government, or to ban land uses with the 
potential to pollute water sources for fear of infringing landowner property-use 
rights. This issue is of extreme political sensitivity. As a consequence, in some 
PICs there is no legal protection of water from over-extraction or from contamina-
tion or misuse. In some cases, more than adequate water resources exists in remote 
regions of an island, but its transfer to urban areas in times of severe defi cit, or its 
use for hydropower production, is virtually impossible because of land ownership 
issues (Low  2011 ). 

 The impact that traditional land and resource ownership has on national develop-
ment has been recognised throughout the Pacifi c. The Prime Minister of Vanuatu, 
together with the Council of Chiefs, has recently commenced nation-wide negotia-
tions on land reforms (C. Ioan, pers. comm., October 2013). 

 Many landowners also question the right of government to charge for water 
abstracted from private land. There is a general view that water is ‘a gift from God’. 
This view makes controlling demand through water tariffs a contentious issue and 
one which threatens the fi nancial sustainability of urban water systems in several 
PICs (Low  2011 ; White  2011c    ). 

 While customary rights in relation to water ownership was appropriate in 
 low- density, subsistence conditions it is ill-suited to high-density, urban populations 
where one household’s actions can immediately and directly impact both the quan-
tity and quality of water available for its neighbours. Because customary rights are 
ingrained, it has been proposed that behavioural change is necessary for conserving 
and protecting water through longer-term education, awareness, and community 
engagement (Crennan  2002 ).  

3.2         Development of Policy, Plans, and Legislation 

 An implicit assumption underpinning many attempts to assist PICs to develop 
national policy and plans is that the plethora of water policy frameworks, and policy 
and planning “tool kits”, available from developed world countries (see e.g. GWP 
 2003 ) are directly and rapidly transferable to developing countries. The assumption 
here is that such approaches are context-independent. But experience has shown 
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that quick, developed-world formulaic solutions, which take no account of island 
priorities, traditions, strengths and practices that have evolved over millennia, are 
often politely but fi rmly ignored. 

 There are no easy prescriptions for the rapid translocation of relatively recent 
water governance reforms and water management frameworks from developed 
countries to developing PICs. There is often an underlying presumption that there 
are well-developed policy processes in place. In some PICs, policy processes are 
vague, not clearly defi ned, or even non-existent. In addition, they assume that there 
are adequate means to implement policy, plans, and legislation. In developed coun-
tries, there are frequently hundreds of people engaged in the implementation of 
policy, planning, and management of water resources whose ownership by the state 
is clearly legally defi ned. In this case, the major priorities are addressing the envi-
ronmental impacts of water supply extraction and effl uent treatment systems, con-
trolling demand through long-established market mechanisms, and accommodating 
the predicted impacts of climate change. 

 In many small PICs, there are often only one or two trained water professionals 
whose tasks may range from replacing washers in domestic taps, replacing pumps, 
and unblocking clogged sewers to advising the minister and representing the coun-
try at international meetings. The major daily challenges in water governance they 
face are maintaining, even intermittently, supplies of adequate quantities of safe 
freshwater to growing populations – with very limited resources, no economies of 
scale, and coping with the complex cultural, social, and institutional changes neces-
sary to move from subsistence to urban living. 

 Attempts to assist small island states to develop water policy, plans, and legisla-
tion must recognise local contexts, capacities, and inherent strengths of island com-
munities (Barnett  2001 ) and be based on successful public policy principles. Some 
of the keys to effective, effi cient, and widely-accepted public policy are (adapted 
from Sabatier and Mazmanian  1979 ):

    1.    The policy must be supported by the government;   
   2.    Policy and associated implementation mechanisms are based on sound knowledge;   
   3.    The policy, the law that gives effect to the policy, and its implementation contains 

clear policy directives;   
   4.    Those responsible for implementing the policy have appropriate managerial 

political skills, information, and resources;   
   5.    Policy and associated implementation mechanisms are actively supported by 

constituent groups; and   
   6.    The relative priority of the policy’s legal objectives is not undermined by other 

laws, policies, and implementation mechanisms.    

  Where there are multi-level or multi-agency governance arrangements, an 
additional key is:

    7.    Appropriate management structures exist that facilitate negotiations, agreements, 
and monitoring of implementation.     
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 In assisting PICs to develop water policy and plans, a key strategy is to build on 
inherent island strengths using the well-developed local institutions, resilient social 
systems, and sensitivity to environmental change (Barnett  2001 ,  2005 ). Fortunately, 
extensive national consultations (Carpenter et al.  2002 ) prior to development of the 
Pacifi c RAP provided opportunities for island communities to raise their concerns 
and priorities over water and sanitation, so in most PICs there is already widespread 
community support for change and improvement. Challenges, however, arise at 
the organisational level of government, where agencies have a strong tendency to 
act as ‘silos’.  

3.3      Peak Water Bodies 

 Urban water resource management in PICs encompasses health, environmental, 
economic, social, cultural, infrastructural, economic, and technical issues. Because 
of this, it is essential in small island states that all government agencies, commu-
nity organisations, and businesses who have responsibilities and interests in fresh-
water participate in deliberations on policy and plans and in reviewing outcomes. 
The establishment of a whole-of-government, agency and community-representa-
tive peak bodies (such as a National Water and Sanitation Coordination Committee 
reporting to cabinet, or the designated lead government water agency) provides a 
PIC-relevant mechanism to help drive the policy development process, as well as 
to oversee policy implementation, progress, reporting, and dissemination (White 
et al.  2009a ). 

 Debates have recently centred on the effi ciency of engaging communities in 
water planning, especially in developed countries (see e.g. Daniell  2012 ). In island 
life, negotiation and consensus are fundamentally important in reaching decisions, 
so although the development of policy can be a lengthy process it is fundamentally 
necessary to gain widespread support. The process used in the Republic of Nauru 
(Fig.  23.1 ) is shown in Fig.  23.3 , with the peak government–community water and 
sanitation body, CPSC, playing a pivotal role in driving an iterative policy develop-
ment process (White and Falkland  2012 ).   

3.4     Adaptive Process for Policy Development 

 In assisting Solomon Islands and the republics of Nauru and Kiribati to develop 
their national water policies and implementation plans, a 5-phase adaptive planning 
process (adapted from Ackoff  1999 ) was used with the respective peak bodies. This 
process is summarised in Table  23.3 . The fi rst two phases of the process identify 
priority issues to be addressed and to corresponding policy goals. The remaining 
three phases help construct the policy implementation plans.
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   This process is easily understood, even in countries with loosely defi ned or 
non- existent policy processes, and assists in identifying pressing problems, priority 
goals, and the steps necessary to achieve them. Common issues appear in many 
PICs: a lack of knowledge of the amount, quality, or use of resources being man-
aged; inadequate water supplies; unreliable or compromised water quality; fi nan-
cially unsustainable water supply systems; absence of effective demand management 
or unacceptable water losses; lack of community participation in the conservation 
and protection of water sources; poor or inadequate governance; and lack of 
resources and capacity to manage water resources and supply systems. Many of the 
pressing current and future problems in PICs appear to be addressed through eight 
policy objectives (White and Falkland  2011 ):

    1.    Improve understanding, assessment, and monitoring of water resources and their 
safe yields, quality, and sectoral use;   

   2.    Protect and manage sources of freshwater;   
   3.    Increase access to safe and reliable water supplies and appropriate sanitation;   
   4.    Achieve fi nancially, environmentally, and socially sustainable water resource 

and supply management;   
   5.    Increase community participation in water management and conservation;   

  Fig. 23.3    Iterative process used in the Republic of Nauru for developing a draft national water, 
sanitation, and hygiene policy. CPSC is the Department of Commerce, Industry and Environment’s 
(CIE) whole-of-government and agency–community Project Steering Committee. CPSC is advised 
by the whole-of-government and agency Water Technical Committee (WTC) convened by the 
Integrated Water Resource Management (IWRM) and Pacifi c Adaptation to Climate Change 
(PACC) project coordinators. Once the draft policy has been approved by CPSC and the respon-
sible minister, it is submitted to the heads of departments and agencies National Development 
Committee (NDC) for consideration of cabinet       
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   6.    Improve governance in the water and sanitation sector, use the principles of 
integrated water resource management, and regularly review policy outcomes 
and planning milestones;   

   7.    Improve management of risk in natural hazards and extreme events; and   
   8.    Provide resources, training opportunities, and mentoring for staff in the sector.    

4        Resource Assessment and Monitoring 

 The fi rst key principle in the list of Sabatier and Mazmanian ( 1979 ) for successful 
public policy (Sect.  3.2 ) is that policy and associated implementation mechanisms 
should be based on sound knowledge. In some PICs this remains a challenge. The 
full extent of their water resources, their quality and fi tness for use are often only 
partly known; the sustainable yields are poorly characterised; the impacts of climate 
variability, water extraction, and land use on the resources are inadequately charac-
terised; the demand for and use of freshwater by sectors is incomplete; and the 

    Table 23.3    The fi ve phases of interactive planning used in developing national water policy and 
implementation plans (Adapted from Ackoff  1999 )   

 Phase  Objective  Components  Principal outputs 

 I. Formulation 
of the issues 

 Determine issues, 
problems, and 
opportunities 

 Previous actions and 
policies; recognised 
issues; problems, 
opportunities, and their 
interactions; constraints 
to effective management 

 Issues to be addressed 
by policy, plans, 
legislation 

 II. Ends planning  Determine where you 
want to be and the gaps 
between that and now 

 Extract vision, 
principles, goals, and 
objectives to achieve the 
desired ends 

 Policy principles, 
policy goals and 
objectives 

 III. Means 
planning 

 Choosing mechanisms 
to achieve goals and 
objectives 

 Develop and select 
actions for achieving 
goals and objectives and 
indicators for 
completion of actions 

 Implementation plan 
actions 

 IV. Resource 
planning 

 Determine resources 
required for planned 
actions 

 Defi ne resource needs 
and identify if resources 
are available or how 
they will be generated or 
acquired 

 Needs for 
implementation plan 
resources 

 V. Implementation 
and control 

 Determine 
responsibilities and 
schedules for 
implementation 

 Identify who is 
responsible for actions, 
when they are to be 
implemented, and how 
implementation is to be 
monitored 

 Implementation plan 
schedule and 
responsibilities for 
implementation. 
Inclusion in ministerial 
operations plans 
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impact of management regimes and policy decisions only partly recognised. A 
range of techniques, from simple approximations through to sophisticated geophys-
ical techniques and modelling, are available for assessing the extent of water 
resources, their sustainable yield, and the quality of the water extracted (UNESCO 
 1991 ; Falkland  2002a ,  b ). 

 These knowledge gaps are especially evident for vulnerable low, small island and 
atoll groundwater systems supplying growing urban areas, a situation where thor-
ough resource assessment is required along with a commitment to ongoing monitor-
ing, analysis, and reporting. In these systems, the salinity of the extracted 
groundwater is a result of the dynamic balance between rainfall recharge, pumping 
rates, and seawater intrusion. Regular monitoring ensures that sources remain via-
ble (Falkland  2002a ,  b ; White and Falkland  2010 ). PICs in the central and central 
western Pacifi c exhibit extreme variability in rainfall, which is closely correlated 
with sea surface temperature (Fig.  23.4 ). Faced with this variability, monitoring of 
rainfall, groundwater level, and salinity, as well as water extraction rates, is vital.  

 While monitoring is always contentious even in developed countries, the impor-
tance of monitoring is exemplifi ed in one small urbanised island during the wide-
spread 1998–2001 ENSO-related drought. A national state of disaster was declared 
by the government when urban supplies diminished, despite the fact that the main 
groundwater source contained more than adequate freshwater to meet reasonable 
demand. The lead water agency had stopped monitoring groundwater during the 

  Fig. 23.4    In Nauru there is a strong correlation (0.81) between the large variability of annual 
rainfall and the variability of annual sea surface temperature anomaly in the Niño 3.4 region of the 
central-western Pacifi c (White  2011a )       
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drought, so the actual availability of water was unknown. The real problem was an 
inadequate and leaking urban water distribution system. Limited human and fi nancial 
resources in many PICs mean that assessment, monitoring, reporting, and dissemination 
of information, even to government, are major challenges (van der Velde et al.  2007 ). 

 The establishment of peak government–community water and sanitation 
committees, with responsibilities for oversight of water resources and for reporting 
directly to government (Sect.  3.2 ), can promote regular monitoring, analysis, reporting, 
and wider dissemination of information; the committees need terms of reference 
that specify regular inter-agency discussions and reporting on the condition and use 
of water resources.  

5      Protection of Water Sources and Water Quality 

 Island communities rely on a variety of public and private sources of surface water 
and groundwater, harvested rainwater, bottled water, brackish water, and even sea-
water. Strategies for ensuring that the quality of water supplied from surface and 
groundwater sources for communities is fi t for consumption are based on the con-
cept of maintaining multiple barriers to contamination between source and con-
sumption. Protection of water sources from contamination and misuse is a 
prerequisite fi rst step which requires effective land use planning and zoning, and 
regulation of land uses in areas around surface water sources and on land overlying 
groundwater sources. Human settlements, agriculture involving the raising of live-
stock, the use of chemicals and fertilisers, mining forestry, waste disposal, and espe-
cially defective or inappropriate sanitation systems all increase the risk of water 
contamination. Creation of water reserves surrounding water sources, however, are 
often problematic owing to land and resource ownership issues (Sect.  3.1 ) and 
unclear legal rights and responsibilities. 

5.1      Water Reserves 

 The establishment of water reserves, by current governments and former colonial 
powers, in order to protect water sources has often failed to appreciate local 
community needs, culture, land tenure, and land use requirements. Such decisions 
have led to confl icts between local communities and government agencies, which 
have sometimes manifested in vandalism of infrastructure, disruption of supply, and 
demands for compensation by landowners (Low  2011 ). The impact of water 
resource development on the health and productivity of neighbouring traditional 
crops grown on or near water reserves is of social and economic concern to 
landowners, particularly where land use and access rights have been forbidden or 
severely limited (White et al.  1999a ). 
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 The tensions between ‘public use’ private family lands by governments for water 
supply and the landowers’ need for unrestricted access to their land for subsistence 
leads to long-standing confl icts. The resolution of land use confl icts requires appro-
priate legal, administrative, and fi nancial provisions and the involvement of the 
local community in managing the reserve, or in some PICs even the local water 
supply system. Where land is limited, the provision of social amenities such as non- 
polluting sports fi elds on reserves appears possible (White et al.  1999a ). 

 Because of the central, social importance of landownership, many governments 
believe that outright purchase of water reserves is not politically feasible. Instead, 
some PIC governments pay commercial rentals or annual compensation to land 
owners. Rental or compensation payments have three distinct disadvantages. First, 
they impose a heavy, continuing fi nancial burden on water supply systems. Second, 
they tend to encourage misuse of the reserves since they are viewed as ‘government’ 
land with common property uses, including gravel mining and water disposal, and 
they generate disputes within the communities. Finally, there appears to be little 
overall long-lasting social benefi ts from cash payments.  

5.2      Water Reserve Management Committees 

 In order to overcome misuse of reserves it has been suggested that, rather than pay 
water reserve landowners rental as compensation for loss of amenity, they be paid 
as water reserve managers with a contract to ensure that reserves are well cared for 
(White et al.  1999a ). Involving local landowners in water reserve management com-
mittees can be a successful strategy in engaging island communities in the protec-
tion and care of water sources and in identifying land uses that minimise impact on 
water sources. Village-level water committees have proved successful in rural areas 
in Tonga and Samoa and offer a potential model for other PICs. These, however, 
need to be underpinned by legal protection for water sources from contamination 
and misuse, and the agency or agencies responsible for managing water reserves 
require a clear mandate and legal authority to enforce laws.  

5.3     Appropriate Technology 

 Isolation, coupled with the generally corrosive conditions in PICs, dictates that the 
infrastructure used to extract, store, and supply water must be robust, and simple to 
operate, maintain, and repair (UNESCO  1991 ). In addition, the unique hydrogeology 
of groundwater in low, small islands requires the use of appropriate technology to 
maximise freshwater yield. The delicate hydrostatic balance between freshwater and 
the surrounding and underlying seawater in small islands is easily disturbed by 
inappropriate groundwater development. The most common method of accessing 
groundwater uses hand-excavated dug wells typically 2–3 m deep and approximately 
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1 m below the groundwater level. Groundwater is abstracted by buckets, hand pumps, 
or small electric pumps. Such systems work well at household levels, provided 
abstraction rates are low. 

 For public water supply pumping systems, single or multiple dug wells or drilled 
boreholes have been used on some small islands. These vertical abstraction systems 
can cause upconing of underlying brackish water or seawater, causing increases in 
salinity of the abstracted water to levels that are sometimes too high for potable use. 
Pumping from long, horizontal infi ltration galleries (up to 300 m long) or skimming 
wells has proven to be a far better abstraction method, particularly in islands with 
thin freshwater lenses (Falkland and Brunel  1993 ). 

 Infi ltration galleries skim fresh groundwater from the surface of a freshwater 
lens, and thus distribute the pumping drawdown over a wide area. In so doing, they 
avoid excessive local drawdown and upconing of saline water associated with 
pumping from vertical boreholes. Infi ltration galleries are used for public water sup-
ply in Tarawa and Kiritimati atolls, Kiribati; Majuro and Kwajalein atolls in the 
Marshall Islands (Peterson     1997 ); Aitutaki island, Cook Islands; and Lifuka island, 
Tonga (Fig.  23.1 ). On Lifuka, replacement of boreholes with infi ltration galleries 
signifi cantly lowered the salinity of the water supply (Falkland  2000 ). 

 For raised limestone islands, where depths to the groundwater table are greater 
than 10 m and up to 50 m or more, such as in Tongatapu in Tonga, abstraction using 
vertical drilled boreholes is currently the most practical method of developing fresh-
water lenses. In the future, directional drilling from the surface may be an option for 
installing horizontal infi ltration galleries on these islands.  

5.4     Sewage and Waste Contamination 

 The tragically high infant death rates shown in Fig.  23.2  are partly due to contami-
nation of water by faecal material (WHO  2005 ). Appropriate sanitation in small 
island urban centres is a major concern. Urban sanitation systems in PICs com-
monly use rather basic septic tanks and pit latrines. Domestic animal wastes, espe-
cially from pigs, add to biological contamination of water sources, particularly 
household groundwater wells, and pose major health risks in urban areas on many 
islands and even in designated water reserves (Fig.  23.5 ).  

 In parts of heavily populated atolls such as Majuro (Marshall Islands) and Tarawa 
(Kiribati), piped sewerage systems that use seawater for fl ushing (to conserve lim-
ited freshwater supplies) have been installed to address the problem of sewage con-
tamination of groundwater. Squatter settlements in urban centres, however, do not 
have access to these systems. Compost toilets protect water sources as well as con-
serving scarce water resources, and these have been trialled in a number of PICs 
including Kiribati, Tonga, Tuvalu (Crennan and Berry  2002 ), and Nauru. While 
compost toilets have many advantages and have been accepted in some communi-
ties, cultural attitudes have so far limited their widespread use in others. Other tech-
nical solutions are available, including improved septic tanks and relatively simple 
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effl uent disposal and treatment systems (Bower et al.  2005 ; WHO  2008 ). It is 
emphasised here that selection of appropriate sanitation systems in small island 
urban areas can be a matter of life and death. 

 The most appropriate strategy is to ensure that human settlements, including 
their sanitation and waste disposal systems and domestic animals, are placed well 
away from freshwater sources used for public water supply (see Sect.  5.1 ). A study 
using bromide tracer in Lifuka, Tonga, concluded there was no safe distance 
between pit latrines or septic tanks and water supply wells in urban areas because of 
the density of sanitation facilities and the high permeability of the unconsolidated 
aquifer (Crennan et al.  1998 ). Instead, the study recommended that alternative strat-
egies such as source control of pollutants using composting toilets and water treat-
ment are required. This is an area requiring major research. 

 Waste disposal in many developing urban centres in PICs is a continuing chal-
lenge for governments. The geographic isolation of PICs means that there are lim-
ited opportunities for recycling of wastes. Potentially polluting wastes, such as 
petroleum products, batteries, and sewage sludge, remain a problem and the separa-
tion of waste dumps from water sources is of utmost priority.  

  Fig. 23.5    Shaded ellipses show distribution of positive E. coli water samples taken from urban 
water supply pumping galleries (PS) on Bonriki water reserve, Tarawa Atoll, Kiribati. Positive 
samples were found to correspond with a graveyard, pig pens, market gardens using animal 
manure, and squatter huts (White et al.  2007b    )       
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5.5     Water Treatment 

 The level of water treatment required for urban water supplies depends on the quality 
of the source water (WHO  2004 ). In PICs, water treatment systems vary from highly 
sophisticated, reverse osmosis plants; fl occulation, sedimentation, fi ltration, and 
disinfection systems; through to the boiling of rainwater and household well water. 
Where water is reticulated to households, treatment is often required at source and 
close to delivery due to microbial build-up in water pipes and storages. Microbial 
build-up is a particular problem in systems that deliver water supply intermittently. 
In some urban centres, water is only supplied every third day. 

 In some PICS, the resources, supplies, and capacity necessary to manage water 
treatment facilities is limited. Because of this, a minimum water treatment strategy 
has been recommended for small island water supply. This strategy emphasises 
simple designs which minimise mechanical equipment; use of chemicals; and oper-
ation and maintenance (UNESCO  1991 ). One particular problem in PICs is that 
electric power supplies are sometimes intermittent, so that treatment systems that 
require power may not be fully functional. Recent advances in simple-to-operate, 
low-pressure, membrane fi ltration systems appear to have signifi cant advantages for 
treating turbid and polluted stream water, groundwater, and stored rainwater, as has 
been demonstrated in Kiribati, Fiji, and East Timor (Skyjuice  2008 ,  2011 ). 

 The resources and technical skills required to manage wastewater treatment for 
human re-use is currently not a viable option for most PICs, with some discharging 
untreated sewage direct to surrounding oceans (Falkland  2011 ). Waste household 
grey water is, however, re-used for watering domestic animals, household vegetable 
plots, and fruit trees. 

 Many urban households in PICs source water from a range of sources including 
rainwater tanks, water wells, and the reticulation system, as well as seawater for 
both potable and non-potable use. Water quality from non-reticulated sources is a 
signifi cant issue. In some urban areas, groundwater can be so polluted that it is unfi t 
for any human use. In such areas, testing of local groundwater upon which so many 
households rely should be, but seldom is, routine. Rainwater tanks can also be con-
taminated and continuing householder education campaigns in the design, construc-
tion, maintenance, and care of rainwater harvesting systems are required (UNESCO 
 1991 ; SOPAC  2004 ). Local area water management committees could play a central 
role in such campaigns.   

6     Management of Demand and Losses 

 Falkland ( 2011 ) identifi ed increasing demand and continuing water losses from 
pipeline systems as major risks to water security in PICs to the year 2030, especially 
in urban areas (Sect.  1.1 ). This increasing demand is driven by natural increase in 
populations, inward migration to urban centres (Ward  1999 ), and increases in 
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standards of living. In some urban areas in the region, annual population growth 
rates are as high as 6 %, which places major strain on water supply and sanitation 
systems as well as urban services. To illustrate this risk, Fig.  23.6  shows the esti-
mated water production required to meet both demand and the estimated current 
pipeline losses for the urban capital of Kiribati, South Tarawa, compared with the 
estimated sustainable yield of treated water to the year 2030 (including the pro-
jected impact of sea level rise). Households meet the current defi cit in production by 
using water from untreated sources such as rainwater tanks and from unsafe, pol-
luted household wells. Managing water demand and controlling losses are clearly 
major current and future challenges in PICs.  

6.1     Estimating Demand 

 Designs for urban water supply systems require adequate information on the 
expected demand for water as well as the losses from the system (unaccounted for, 
or non-revenue water). Population growth rates and per capita water use are needed 
for demand projections. Only a few urban centres in PICs have adequate pipeline 

  Fig. 23.6    Bars show estimates of the required daily production of treated freshwater required to 
supply the demand of the growing population of urban South Tarawa, Kiribati, assuming there is a 
conservatively estimated 50 % loss from the reticulation system. The estimates are compared with 
the sustainable yield of treated groundwater sources ( horizontal line ), and include a projected 
worse-case impact of sea level rise (White  2010 )       
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metering and metered household connections. Estimating demand and losses therefore 
present challenges. Because of inadequate data, some water supply system designs 
have been based on estimated minimum per capita island freshwater requirements 
based on a ‘consensus’ of needs in developing countries (Table  23.4 ) or merely on a 
share of the estimated available water yield. Household surveys suggest that these 
minimum requirements underestimate total water use, and make no allowance for 
future increase in per capita water consumption with increasing living standards or 
with increased temperatures due to climate change. In Table  23.4  the estimate for 
South Tarawa, Kiribati, in 2010 was based on household surveys from a similar 
urban environment in a distant atoll, together with a broad estimate of the institu-
tional, commercial, and industrial water use (and a small allowance for increased 
water consumption due to projected higher temperatures from climate change). 
Data on institutional, commercial, and industrial water use is often diffi cult to fi nd. 
In the absence of metered water supply systems, surveys of water use appear to be 
the best alternative for estimating demand.

6.2         Non-Revenue Water 

 Supply system design requires estimates of both demand and system losses. Leakage 
from water supply pipelines and other losses contribute to ‘non-revenue water’, 
the difference between the volume of water extracted from a source and the volume 
of billed, authorised consumption. In PICs these other losses include illegal 

     Table 23.4    Summary 
of the estimated per capita 
freshwater demand for the 
urban capital, South Tarawa, 
Kiribati. Toilet fl ushing is 
excluded as it is assumed 
to be sourced from the 
seawater system (Adapted 
from White  2010 )  

 Year 
 Total per capita demand 
(L/person/day) 

 1973  18 
 1975  10–37 
 1978  14–27 
 1982  34–35 
 1986  47 
 1992  50 
 1996  40 a  
 2000  50 a, b  
 2002  40 a  
 2003  40 a  
 2010  68 c  

   a Assumes only 80 % of all households supplied 
with piped water 
  b Includes institutional, commercial, and industrial 
demand and 30 % assumed losses 
  c Assumes 6 L/person/day ICI demand and an 
extra 2 L/person/day due to increase in temperatures 
due to climate change  
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connections, theft, non-metered connections, and uncontrolled overfl ows at com-
munity or household tanks in urban centres and larger rural villages. Non-revenue 
water is a major problem for urban water authorities in PICs (see e.g. SOPAC  1999 ; 
SIWA  2013 ). In many urban centres, losses are diffi cult to assess because of the 
absence or malfunction of water meters. Losses equal to or exceeding 50 %, and 
even as high at 90 %, have been measured or estimated in a number of PIC urban 
water supply systems (see Table  23.5 ).

   There are two contrasting values for non-revenue water from desalination sys-
tems in Table  23.5 . Nauru’s desalination plant, which supplements rainwater har-
vesting for the island’s 10,000 people, consumes one-third of the total national 
electricity production per year. The magnitude of the non-revenue water there rep-
resents a major national economic loss. In Malé, the capital of the Maldives, the 
Malé Water Authority, a public–private partnership, has a tiered tariff system in 
place for strictly metered desalinated water supply to the island’s 100,000 residents. 
Malé has very low non-revenue water. 

 The magnitudes of non-revenue losses in PICs in Table  23.5  are extremely costly 
and wasteful. They add to water shortages and cause intermittent supply, even in 
non-drought periods. Reduction of losses and systematic leakage control to reduce 
shortages, improve services, increase fi nancial sustainability, and delay the need for 
future investment in new water infrastructure is a regional priority (SOPAC and 
ADB  2003 ). Despite this, detection and reduction of losses has been a lower priority 
for donor and loan agencies than new infrastructure projects. 

 Regional capacity building programs in leak detection have been run, but many 
countries have not adopted leakage control as a mainstream activity. This is largely 
due to inadequate fi nancial resources and insuffi cient trained personnel. While an 
adequate water metering network is an essential fi rst step in identifying losses, there 
is a strong continuing need for training in leak detection and reduction and support 
for such programs.  

      Table 23.5    Estimated non-revenue water in selected urban centres in island countries   

 Urban centre  Country  Water source  Non-revenue water 

 South Tarawa a   Tarawa Atoll, Kiribati  Shallow groundwater  50–70 % i  
 London b   Kiritimati Atoll, Kiribati  Shallow groundwater  20–50 % i  
 Nauru c   Nauru  Desalination  75–90 % i  
 Nuku’alofa d   Tonga  Groundwater  75 % i  
 Honiara e   Solomon Islands  Surface and groundwater  50 % 
 Majuro f   Marshall Islands  Rainwater  50 % 
 Dili g   East Timor  Surface and groundwater  85 % 
 Auki e   Solomon Islands  Surface water  49 % 
 Noro e   Solomon Islands  Surface water  54 % 
 Tulagi e   Solomon Islands  Surface water  77 % 
 Malé h   Maldives  Desalination  <10 % 

   a White ( 2011c ),  b ADB ( 2007 ),  c White ( 2011b ),  d White et al. ( 2009b ),  e SINIIP ( 2013 ),  f SOPAC 
( 2007 ),  g Falkland ( 2011 ),  h M. Didi, pers. com., March 2013 
  i Estimated value, incomplete or adequate water metering  
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6.3     Rainwater Harvesting 

 As shown in Table  23.6 , most of the main urban centres in the regions have annual 
rainfalls exceeding 1,500 mm. The exceptions are Dili in East Timor and Port 
Moresby in Papua New Guinea, both in the monsoon belt. Household and public 
rainwater harvesting has the potential to supplement, and in some cases supplant, 
limited reticulated supplies and reduce system demand, particularly in peri-urban 
areas (SOPAC  2004 ). Rainwater harvesting is vital in urban centres with no surface 
or groundwater sources, such as Nauru and Funafuti in Tuvalu. Large rainwater 
storages fed from bigger public buildings such as churches, schools, meeting halls, 
and government buildings can be used for public water supply, especially during dry 
periods when household tanks fail, as in Tuvalu.

   Rainwater harvesting is attractive in PICs because its water quality may be safer 
than other sources and the supply is directly under household control. Rainwater 
harvesting is not, however, the universal answer to urban water supply in PICs. 
Estimated unit production costs for large rainwater harvesting schemes in Tarawa, 
Kiribati (with assumed lifetimes of 50 years and a 5 % failure rate) were fi ve times 
greater than those for shallow reticulated groundwater pumping and over three 
times those of desalination (with an assumed lifetime of 10 years) (White  2011c ). 
Unit production costs for smaller household systems in PICs are even higher. 

 Cost is not the only factor in the viability of rainwater harvesting. The variability 
of rainfall (Fig.  23.4 ) and the length of regular dry seasons (Table  23.6 ), coupled 

     Table 23.6    Mean annual rainfall, coeffi cient of variability, and distribution of dry and wet season 
rainfalls in selected urban centres of island countries (Falkland  2011 )   

 Country 
 Capital/urban 
centre 

 Mean annual 
rainfall (mm) 

 Coeffi cient 
of variation (CV) 

 Mean percentage 
in 6 month dry/wet 
seasons 

 Cook Islands  Rarotonga  2,000  0.2  35/65 
 Federated States 
of Micronesia 

 Pohnpei  4,700  0.15  45/55 

 Fiji  Suva  3,000  0.19  37/63 
 Kiribati  South Tarawa  2,000  0.47  39/61 
 Nauru  Yeren  2,100  0.54  40/60 
 Niue  Alofi   2,100  0.24  34/66 
 Palau  Melekeok  3,700  0.13  41/59 
 Papua New Guinea  Port Moresby  1,100  0.24  20/80 
 Republic of the 
Marshall Islands 

 Majuro  3,300  0.15  43/57 

 Samoa  Apia  2,900  0.20  30/70 
 Solomon Islands  Honiara  2,000  0.20  32/68 
 Tonga  Nuku’alofa  1,700  0.24  38/62 
 Tuvalu  Funafuti  3,500  0.20  42/58 
 Vanuatu  Port Vila  2,100  0.27  33/67 
 East Timor  Dili    900  0.32  20/80 
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with available roof catchment area, affordable rain tank capacity, and household 
demand, need to be considered. The impact of all these factors on the effective roof 
area per kilolitre of rainwater storage capacity required to supply total household 
demand relative to storage volume is shown in Fig.  23.7  using historic rainfall 
records.  

 Figure  23.7  demonstrates that urban centres in the central Pacifi c Intertropical 
Convergence Zone (PICZ) with large annual coeffi cients of variability (CV) of 
annual rainfall –South Tarawa, Nauru, and London in Kiritimati atoll – are, because 
of the variability, generally not able to supply all household demands for freshwater 
without failure. The size of roof catchment areas and rain tank capacities required 
to meet reasonable demands without failure, when households can contain up to 31 
people, is fi nancially and in some cases physically not possible. For countries with 
lower annual CV, outside the PICZ, such as Funafuti in Tuvalu, rainfall harvesting 
is viable even if expensive. 

 Because of the benefi ts of supplementing water supplies in urban centres with 
safe rainwater, some countries have established mandatory building codes to ensure 
installation of adequate rainwater collection and storage facilities on new buildings. 
Others, with donor support, have established revolving loan schemes to assist 
households with purchase of rain tanks and guttering. In order to guarantee safe 
stored rainwater quality, maintenance and management of rainwater harvesting and 
storage tanks schemes are essential (SOPAC  2004 ).  

  Fig. 23.7    Effective roof area, CA, per rain tank capacity, S, required to meet a monthly demand, 
Dm, per rain tank capacity for selected PIC urban centres with variable annual rainfalls. The 
parameter C is the effi ciency of capture of rainfall (0 < C < 1)       

 

I. White and T. Falkland



513

6.4     Demand Management 

 In some PICs with rapidly increasing populations, demand management is essential 
but nonetheless diffi cult. There is an aversion to pay for water, partly because it is 
viewed as the government’s responsibility to provide water, partly because it is con-
sidered a common property resource (Sect.  3.1 ), and partly because of unreliable 
supplies (White  2011c ). Some PICs have no means of controlling overall demand 
other than by supplying water intermittently for a few hours every 2 or 3 days. This 
strategy has four disadvantages: households leave taps open to collect the spas-
modic water fl ows in small containers, causing high losses; customers are very 
reluctant to pay for an intermittent water supply; intermittent supplies are prone to 
bacterial build-up in supply lines (SOPAC  1999 ); and households closer to the sup-
ply source are able to intercept more water than those further down the pipeline. 

 At least one government has tried continuous, trickle-feed systems designed to 
mechanically control demand and give a more equitable supply. These supply a 
limited volume of water to a 500 L household tank, distributed to most house-
holds, over a 24–48 h period (Fig.  23.8 ). With an average of about 10 people per 
household this was designed to meet an assumed per capita demand for treated 
water of 25–50 L/day (see Table  23.3 ), the ‘average’ minimum daily requirement. 
This system was designed to permit continuous pipeline fl ows. Householders, 
however, tampered with the trickle-feed valves to increase discharge. As a result, 
households closer to the source of supply intercepted more water while others at 
the pipeline terminus received none at all, and the system reverted to intermittent 
fl ow. Without legal restrictions on tampering with the water supply, without 
enforcement of  regulations, without water meters, and without general commu-
nity disapprobation of tampering, such purely mechanical attempts to control 
demand seem destined to fail.  

  Fig. 23.8    Trickle feed system for a 500 L household water supply tank designed to limit demand 
by supplying a fi xed daily volume of water to meet the assumed daily household demand. The 
system failed due to removal of the trickle feed by householders       
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 PICs which have unmetered reticulation or supply systems use either a bulk 
monthly water charge or no charge at all. In many cases the bulk charge is only a 
small fraction of the actual cost of water production, distribution, operation, and 
maintenance, so systems are fi nancially unsustainable and provide no control on 
excessive or inequitable use or wastage. Even in systems with metered connections, 
unaccounted for water (water losses) can be as high as 90 % (Table  23.4 ). 

 In severe droughts it may be necessary to shut down leaky domestic reticulation 
systems and supply water either from fi xed distribution centres, such as village 
tanks or by tanker delivery (White  2011c ). This reduces the large losses from the 
domestic pipe lines as well as allowing revenue collection from distribution centres, 
as is often done for bulk water tanker deliveries. This, of course can disadvantage 
urban squatters so that a base survival allocation may be necessary. 

 Efforts to control demand in urban areas by non-tariff means have led to 
situations where distribution of water is inequitable, where wastage is not con-
trolled, where anti-social and even illegal actions are ignored, and where the 
water supply is fi nancially unsustainable. Some PICs do meter consumption and 
have tiered tariffs in urban areas to discourage profl igate use and wastage. These 
strategies tend to occur in larger PICs, where there are stronger governance 
structures or which have established local institutions such as the  matai  (chief) 
and  fono  (village council) systems in Samoa. Even in the larger countries with 
tariff systems, non-revenue water can have a major impact on being able to meet 
demand (Table  23.5 ). 

 One of the problems faced in PICs which have water tariffs is the number of large 
households with limited capacity to pay. Metering consumption and tiered tariffs 
appear the only sensible long-term strategies for controlling excessive demand and 
waste, provided it is well managed and contains measures to accommodate the dis-
advantaged. The success of pre-paid meters for household electricity supply in 
some PICs suggests that a similar system for water may be viable. However, water 
tariffs are only part of the process. A determined, long-term campaign to promote 
behavioural change, increase awareness, and accompanied by school education pro-
grams are required. The safety and adequacy of freshwater as a shared resource, and 
the importance of water conservation, need to be emphasised. Backing up such a 
campaign there need to be regulations and community disapprobation for tampering 
with water supply systems, meters, and pipelines, and stringent enforcement.  

6.5     Urban Growth 

 Controlling per capita demand is only one part of the required strategy. The high 
urban population growth rates in several PICs are as threatening as climate change. 
Migration towards urban centres is a world-wide phenomenon, with the attraction 
of improved social services, increased amenity, and better employment prospects. 
In addition, the obligation of householders in PICs to their extended family mean 
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that some households in urban areas can contain 30 or more people as distant rural 
relatives move in. Providing adequate and safe water and sanitation services to such 
large households and to attendant squatter populations is a universal problem 
(Kaosa-ard  2003 ). Strategies such as distributed, multiple growth centres have been 
proposed but have proved diffi cult to establish, and population growth remains a 
major, and largely offi cially overlooked, threat to the sustainability of urban and 
peri-urban areas in PICs.   

7     Capacity Building 

 While human and fi nancial resource capacities in the water and sanitation sector in 
PICs vary widely across the region, the Pacifi c RAP (SOPAC and ADB  2003 ) 
acknowledges the sector’s general regional shortcomings in these areas. One of the 
key factors set out by Sabatier and Mazmanian ( 1979 ) for the success of public 
policy (Sect.  3.2 ) was that  those responsible for implementing the policy have 
appropriate managerial political skills, and information, as well as resources.  
Capacity and resources are fundamental to improvements in the sector. 

 As has been discussed throughout this chapter, water agencies are often very 
under-resourced, partly as a result of fi nancially unsustainable water supply sys-
tems, and often because of insuffi cient professional and technical staff to conduct 
routine operations. Water improvement projects are generally beyond the fi nancial 
and human resource capacity of many local agencies. As a result, external develop-
ment aid is required for planning, design, and implementation. Externally organised 
and funded projects can place impossibly large additional burdens on local staff, 
especially when multiple projects are running concurrently. These projects can dis-
tract them from important but routine tasks (Falkland  2011 ). In addition, more 
lucrative opportunities elsewhere make it diffi cult to retain trained staff. 

 It is evident that there is an urgent and long-term need for capacity building and 
training within water and sanitation agencies and departments. Both in-country and 
external training and development programs for technical and professional staff, 
combined with appropriate external courses, are required to build the capacity of 
these agencies and their staff. 

 Regional organisations, such as the Applied Geoscience Division (SOPAC) of 
the Secretariat of the Pacifi c Community (SPC), the Secretariat of the Pacifi c 
Regional Environment Programme (SPREP), the University of the South Pacifi c 
(USP), and the Pacifi c Water and Wastes Association (PWWA) – which pool exper-
tise, share local experience, and provide training opportunities – have a continuing 
long-term role in supporting PICs through capacity building in urban water and 
sanitation management and operation. These regional organisations are invaluable 
in aid, loan, and donor bi-lateral programs in the water and sanitation sector in PICs. 
They can provide both a long-term memory of successful regional and local strate-
gies and independent advice for in-country staff.  
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8     Community Empowerment 

 Another of the key planks of public policy success (Sect.  3.2 ; Sabatier and 
Mazmanian  1979 ) is that  policy and associated implementation mechanisms are 
actively supported by constituent groups . In PICs, the active support of the general 
and local community is at the heart of successful water reforms. Well-developed 
local institutions, resilient social systems, sensitivity to environmental change, and 
high degree of equity in Pacifi c islands (Barnett  2001 ) provide a basis for change 
and improvement in the water and sanitation sectors – provided the community is 
empowered to participate at all levels. Strategies for facilitating community partici-
pation have recently been reviewed by Daniell ( 2012 ), and there is potential for 
investigating their use in island communities. 

 Including community representatives on national peak water and sanitation bod-
ies, emphasised in Sect.  3.3 , is a strategy which builds on unique island strengths. 
In one PIC, this proposal was strongly resisted by senior bureaucrats, who believed 
that water was ‘government business’ (White et al.  2009a ). When fi nally commu-
nity representatives were included in the committee, real progress on development 
of national policy and implementation plans occurred. These committees, however, 
require support and training in their role and responsibilities, some of which may 
require defi nition in law and at least in policy. 

 In Sect.  5 , the complex interaction of land ownership, customary rights, and pub-
lic good were raised in relation to protecting water sources. Although underpinning 
regulations are essential for providing legal protection of water resources, they are 
largely ineffective unless land owners and local communities are actively involved 
in the protection and management of reserves (White et al.  1999a ). Local water 
reserve management committees (Sect.  5.2 ) involving representatives of land own-
ers, local communities, and relevant government agencies appear a useful way of 
increasing protection and decreasing vandalism. In Tonga and Samoa, the existing 
 matai  and  fono  village council and village water committee systems responsible for 
local water supply management are useful Pacifi c models which build on island 
community strengths. Such committees require information, resourcing, and train-
ing and need to be adapted to the diverse cultural situations throughout PICs. While 
debate in developed countries continues on the effi cacy of community engagement 
in water planning (see e.g. Daniell  2012 ), our argument for its value in PICs is based 
on the fundamental importance of negotiation and consensus in island life, and on 
examples of successful village or island-owned and managed systems in Samoa, 
Tonga, and the Maldives. 

 To control increasing demand (the main risk to water security in the Pacifi c), as 
well as to promote water conservation and reduction of wastage, community atti-
tude change and community participation are essential. These values are not part of 
the old ‘extended-family-centric’ tradition of subsistence in the Pacifi c. Behavioural 
change is necessary for transitioning to urban living (Crennan  2002 ), and it is a 
long-term process that requires wide-ranging education programs, focused particu-
larly on school children. Even in urban environments, it is possible that local area 
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water committees, similar to those operating in Tonga and Samoa, could assist in 
reducing demand and wastage and promoting conservation, again so long as adequate 
training and resourcing is provided.  

9     Coping with Climate Variability and Change 

 Over the past 1,000–12,000 years, low-density island communities have demon-
strated remarkable resilience in coping with major natural hazards and calamities. 
As they move to high-density urban centres, however, their traditional coping mech-
anisms are not well-suited and their vulnerability to imposed threats increases. The 
prime threat from climate change to low-lying islands and atolls is sea level rise. 
Major threats posed by climate change to PICs have been detailed by the 
Intergovernmental Panel on Climate Change (Mimura et al.  2007 ). Some authors, 
however, conclude that the global focus on climate change has distracted PICs from 
addressing the actual, local sustainability problems facing island communities 
(Connell  2003 ), particularly managing vital freshwater resources (White and 
Falkland  2010 ). The conclusion in Sect.  1.1  – that non-climate factors, particularly 
increasing demand and losses, pose greater risks to water security in PICs out to the 
year 2030 than predicted climate change impacts (Falkland  2011 ) – adds weight to 
Connell’s conclusion. The historic variability of rainfalls in the Pacifi c, and espe-
cially in the Intertropical Convergence Zone in the central and central-western areas 
(see Fig.  23.4 ), already poses major headaches for island water supply managers, 
particularly when losses are so high (Table  23.4 ). 

9.1     Climate Variability 

 Variations of annual or seasonal rainfalls in urban centres in the Pacifi c are particularly 
large in the central and central-western Pacifi c. Nauru and the South Tarawa and 
Kiritimati atolls of Kiribati (see Fig.  23.4 ) have the highest variation, followed by the 
capitals of Vanuatu, Niue, PNG, and Tonga (Table  23.6 ). Variability of rainfall in these 
urban centres presents particular diffi culties for rainwater harvesting (see Sect.  6.2 ). 
Roof areas and rain tank capacities are generally small, and household size and 
demand are usually large. Even in the capital of Tuvalu, Funafuti atoll, which has a 
much lower variability of annual rainfall and is heavily dependent on rainwater 
harvesting, some household rain tanks are exhausted after only a week with no rain. 

 Key drivers of high rainfall variability in the Pacifi c Intertropical Convergence 
Zone are the strong correlations between rainfall, local sea surface temperatures 
(Fig.  23.4 ), and major ENSO events. It is that strong coupling between rainfall 
and sea surface temperature which results in frequent, long, and severe droughts. 
In Nauru, the median interval between meteorological droughts relevant for rainwater 
harvesting is only 5 years, and the median drought duration is 19 months (White 
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 2011a ). Similar conditions prevail in Kiribati’s capital, South Tarawa (White et al. 
 1999b ), and in the urban area of Kiritimati atoll, Kiribati. 

 In order to replace the current (albeit inadequate) reticulated groundwater supply 
rate in South Tarawa of 2,000 m 3 /day from communal rainwater harvesting, with 
zero risk of failure, we would require a rainfall collection surface of 1 km 2  and a 
storage capacity of 600,000 m 3  (White  2011b ). In crowded urban South Tarawa, 
there is no free space available for such large rainfall collection and storage areas. 
More importantly, the estimated unit production cost of communal rainwater har-
vesting, using cost recovery over a 20 year lifetime, is over AU$22/m 3 , far in excess 
of most other options including desalination, whose estimated unit production cost 
over a 10 year lifetime is around AU$5/m 3  (White  2011b ). In these centres, rainfall 
harvesting remains a valuable supplementary source of freshwater with limited reli-
ability in droughts. 

 The very strong relation between sea surface temperature, Southern Oscillation 
Index (SOI), and rainfall in several PICs (see Fig.  23.4 ) provides a basis for predict-
ing the probability of below average rainfall several months in advance. The 
SCOPIC program developed by the Australian Bureau of Meteorology for PICs 
(BOM  2012 ) is designed to provide seasonal climate forecasts in the Pacifi c 3 
months in advance. These predictions, and the Climate Outlook Programme cou-
pled to drought contingency plans, provide a basis for coping with the frequent 
central Pacifi c droughts. 

 Signifi cant ENSO-related droughts and fl oods have impacts across the whole 
region, with major impacts on stream fl ows (e.g. Terry and Raj  2002 ), power gen-
eration, groundwater availability, water supplies, agriculture, and health. In PNG, 
the 1998–2000 El Niño drought affected over 70 % of the PNG population, with 
severe impacts on water, food, agriculture, education, health, and other sectors 
(World Bank  2009 ). These climatic extremes are most severely felt in small PICs, 
who have only one or two water specialists and very limited fi nancial and physical 
resources to deal with emergencies, especially during cyclones. Cyclones often 
cause severe wind damage, fl oods, landslips, erosion, downstream sedimentation, 
and saline intrusion, and produce major damage to infrastructure (including water 
supply infrastructure), buildings, and agriculture, as well as loss of life (Terry  2007 ). 

 Fresh groundwater lenses on small, low-lying islands can be inundated with 
seawater during island overtopping by cyclone-generated waves. Many months are 
required to naturally ‘fl ush’ saltwater from groundwater lenses and restore water 
supply to potable conditions (Terry and Falkland  2010 ). One major fear concerning 
climate change is that it will increase the frequency and intensity of climatic extremes 
in the region, including droughts, fl oods, cyclones, and island overtopping.  

9.2     Climate Change 

 In searching for current evidence of change in the climate records of PICs there 
are three major limitations: the limited nature of the data (for example almost no 
information on evapotranspiration, solar radiation, or short duration rainfall intensity); 
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the inherent variability of the records; and the generally short climate records. 
The last two make identifi cation of trends diffi cult. As an example, Fig.  23.9  
illustrates the weak increasing trend (+8 mm/year) in measured annual rainfall for 
Kiritimati atoll, the growth centre in the eastern Line Island Group of Kiribati in the 
central Pacifi c, embedded in an exceptionally variable annual record (coeffi cient of 
variation = 0.73) which is strongly correlated with ENSO events. This trend is split 
evenly (about 4 mm/year) between the wetter (January to June) and drier (July to 
December) parts of the year. A similar weak increasing annual trend is found in the 
urban capital of Tonga (White et al.  2009b ). Increasing rainfall in small island coun-
tries is generally expected as sea surface temperature increases.  

 The Pacifi c Climate Change Science Programme (PCCSP  2011 ) used the outputs 
from 18 global climate models (GCMs) for two CO 2  emission scenarios to provide 
projections (relative to the baseline 20 year period centred on 1990) for a number of 
climatic and ocean parameters for selected PICs out to 2030. For the most likely 
emission scenario, most countries (in preliminary estimates) were predicted to have 
only small changes in mean annual rainfall, with only Kiribati, Nauru, and PNG 
predicted to have larger increases; potential evaporation for the region was also 
expected to increase by 1–3 % by the year 2030 (Falkland  2011 ). However, since 
GCMs do not handle cloudiness well, the predicted impact on actual evapotranspi-
ration is diffi cult to assess. 

 There was no consensus between models on the predicted change in frequency 
of cyclones, and GCMs do not, in general, predict ENSO events. Given that these 
are key drivers, the projected risks to urban water security in PICs posed by climate 

  Fig. 23.9    Line shows the increasing trend of 8 mm/year in annual rainfall in the urban centre, 
London, Kiritimati atoll, the growth centre in the eastern Line Island Group of Kiribati. The bars show 
the large annual variability which is closely linked to sea surface temperatures and ENSO events       
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change are diffi cult to assess. The risks, however, posed by population-driven 
increased demand and continuing large unaccounted-for water losses from urban 
systems are much easier to assess (Falkland  2011 ). The conclusion is that addressing 
basic issues of demand and losses will assist adaptation to climate change.  

9.3     Adaptation to Change 

 The threats posed by climate change to urban areas in PICs are daunting, particularly 
in low atolls and carbonate islands threatened with partial inundation from sea level 
rise (Mimura et al.  2007 ). Despite the magnitude of these risks, some are optimistic 
that PICs can adapt to climate change, provided, fi rstly, that the rate of climate 
change is slowed and eventually stopped, and, secondly, that PICs can achieve a 
high level of domestic sustainability to promote social and ecological resilience 
(Barnett  2005 ). In this sense, adaptation to climate change can be viewed as but one 
aspect of addressing the broader challenges of sustainability, which are exacerbated 
in small island states because of their fragility and vulnerability to natural and 
anthropogenic pressures (UNDESA  1994 ). 

 In the face of uncertainties surrounding the magnitude and timing of climate 
change (Barnett  2001 ), as well as its impacts and the lack of detail about ecosystem 
functioning in PICs, it has been concluded (Barnett  2005 ) that the only rational 
adaptation strategy is “to develop the general capacity of a society to cope with change 
by building up its institutional structures and human resources while maintaining and 
enhancing the integrity of ecosystems”. He concluded that the inherent local strengths 
in PICs are the basis for considerable capacity to adapt to climate change. 

 Dovers ( 2009 ) has argued that challenges faced in adapting to climate change are 
not new. Humans have had to cope with climate variability for a long time, and he 
cites examples in developed countries covering water management, local and 
regional economic vulnerability, biodiversity, health and well-being in remote com-
munities, energy reform, and emergency and disaster management. 

 A signifi cant problem exists in higher density urban areas in PICs, especially 
those subject to inward migration with large squatter populations. In these, many of 
the traditional coping mechanisms, local institutions, and social systems are weak, 
ineffective, or almost absent. The challenge of maintaining and enhancing the integ-
rity of ecosystems around urban centres in the Pacifi c is signifi cant, particularly 
when governments in the region have been reluctant to address the pressing problem 
of urban population growth over the past 40 years (Hughes  2011 ).   

10     Conclusions 

 Urban centres across the Pacifi c region have an extreme diversity of fresh water 
resources, supply systems, and institutions and markedly different environmental, cli-
matic, geographic, social, cultural, and economic contexts. Even within countries, there 
is remarkable diversity. In this chapter we have concentrated on identifi ed common 
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issues the region has in terms of urban water systems. These are central concerns about 
the adequacy and safety of water supplies and the impact of climate on them. 

 Some of the challenges faced in PICs are common to other developing areas 
throughout the world. Others are more regional and specifi c. Urban water resource 
issues in the Pacifi c are some of the most challenging and complex in the world. 
Their isolation, vulnerability to natural and human impacts, hydrogeology, limited 
resources and capacity, and high urban growth rates,, are intertwined with custom-
ary rights and underlying subsistence traditions. Because of the complexity, we 
have argued that simplistic approaches, focusing on single issues such as infrastruc-
ture, water tariffs, and governance tool kits have been largely unsuccessful. Instead 
we have sought to adopt a broader approach in this chapter, one consistent with the 
identifi ed regional risks to urban water security. 

 It has been argued elsewhere that movement towards ecologically sustainable 
human development is the only rational adaptation strategy to climate change. We 
believe that this strategy has broader application beyond climate change. Here we 
have applied it to development in the water and sanitation sector in PICs, where 
there are diffi cult interactions between subsistence and urban life styles. 

 A general lack of government leadership, priorities, laws, plans, and structures 
has been identifi ed as a regional issue. In three PICs, however, there is now an adap-
tive policy and plan development process carried out through a whole-of- government 
and community peak sector committee. This process is broadly acceptable and eas-
ily understood, and is one which engages the community strengths. It is particularly 
useful in countries with limited policy processes. 

 The fi rst key factor for successful public policy is that policy and implementation 
mechanisms be broadly supported by government. This remains a challenge in areas 
where water and sanitation are largely seen as responsibilities of the extended fam-
ily, the household, or the individual. Inadequate sanitation remains the largest threat 
to water quality and human health in urban centres in PICs. In many respects it is a 
‘wicked’ problem and affordable solutions remain elusive. 

 The second key factor is that policy and related mechanisms be based on sound 
knowledge. Sound knowledge is essential because in PICs there is a delicate bal-
ance between water inputs and outputs, and that balance impacts on water availabil-
ity and quality, and quality in turn has major health implications. Water resource 
assessment, use of appropriate technology, monitoring, analyses of data, and 
 reporting provide vital information for improved management of freshwater sources. 
Peak sector government–community committees can play important roles in coor-
dinating information and in sharing and disseminating it to government, relevant 
agencies, and to the broader community. 

 Limited land areas in many PICs mean that urban settlements encroach on and 
contaminate water sources. Protection of water sources, as well as water treatment, 
are key steps in a ‘multiple barrier’ approach to water safety. Traditional ownership 
of land in water reserves, source areas, and catchments, coupled with customary 
rights, remains a politically very sensitive issue. Engaging landowners and local 
communities in the care and management of water source areas appears to hold 
promise of increasing protection and reducing confl ict, but it requires widespread 
consultation. 

23 Integrated Management of Urban Water Supply and Water Quality in Developing…



522

 The two greatest threats to the water security and safety of urban water supplies 
in PICs are burgeoning demand and large losses from water reticulation and storage 
systems. Reducing non-revenue water losses has the potential to double the amount 
of water available in most urban centres across the region. These should be addressed 
fi rst before any additional investment in new water sources occurs. 

 Rainfall harvesting has the potential to provide safer water to supplement house-
hold water supplies, especially in peri-urban areas. However, limited roof areas, 
small tank capacities, and large households mean that, with few exceptions, rainfall 
harvesting cannot meet all demands for freshwater across the region. There will be 
times when tanks run dry, especially in the central Pacifi c Intertropical Convergence 
Zone. Continual maintenance and good management of rainwater harvesting sys-
tems is essential for providing safe water. 

 Controlling demand presents one of the greatest challenges to PIC governments, 
partly because of customary beliefs and traditional rights, and partly because of 
unsustainable urban growth rates. There are no easy solutions here. Tiered water 
tariffs have proven successful in some counties but in others determined, long-term 
campaigns to promote behavioural change and increase awareness are required. 
Education in schools to underline the importance of safe and adequate freshwater 
has long-term value. In addition, increasing community disapprobation of interfer-
ing and tampering with water supply systems, meters, and pipelines, and backed up 
by enforceable regulations, would reduce inequities in community water supply. 

 A major regional priority is continued capacity building and training within 
water and sanitation agencies and departments. Regional organisations have played, 
and need to continue to play, an important role in assisting with capacity building 
across the region. 

 Well-developed local institutions, resilient social systems, sensitivity to environ-
mental change, and the high degree of equity in Pacifi c islands provide basic strengths 
to build water reforms upon and to adapt to climate variability and change, particu-
larly when island communities are empowered and informed. Successful models of 
village water supply systems are based on engaged and supported communities. 
Throughout this chapter we have emphasised the fundamental roles that the com-
munity can play, at all levels, in peak sector bodies, in water reserve management 
committees, and local area water committees; together these efforts can bring about 
behavioural change in the use, conservation, and management of water. Finally, with 
an eye to the future, school education campaigns are a key ingredient to the sustain-
able development and improved health and well-being of island communities.     
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    Chapter 24   
 The “Renaturation” of Urban Rivers: 
The Case of the St Charles River in Quebec 

             Alexandre     Brun    

1            Introduction 

 In industrialized and developing countries during the nineteenth and twentieth 
centuries, most urban rivers were either channelled into canals, buried, or otherwise 
confi ned. The approach was designed both to improve urban hygiene and protect 
cities from fl ooding. In the 1950s, the growing use of cars in cities led to river banks 
being transformed into high-speed traffi c lanes (e.g. the Manzanares in Madrid, the 
Seine in Paris). Due to pollution and the fact that river banks had become increas-
ingly diffi cult to access, traditional uses (boating, bathing, fi shing) disappeared. 
Cities gradually turned their backs on the rivers that they once relied on for their 
prosperity. Only major water shortages and fl oods reminded local authorities and 
residents of the presence (or relative absence) of water in the city. 1  

 The management of river banks and beds and, on a larger scale, the urbanization 
of drainage basins, has had a wide range of consequences. In quantitative terms, 
these processes have altered the natural dynamic whereby groundwater is replen-
ished and river levels are regulated. In qualitative terms, the capacity of water 
courses to clean themselves – although sometimes overestimated – has been 
reduced. In the 1960s and 1970s, in industrialized countries, substantial investments 
were made in storm water and sanitation schemes. But progress in this fi eld has 

1   This was the case in Prague (Czech Republic) in August 2002 when the Vltava broke its banks, 
causing catastrophic fl oods, and in Spain where water shortages threaten the economies of entire 
regions. 
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failed to offset damage to aquatic ecosystems caused by human interference. 2  In 
sum, it is not enough just to “wash the water”. Public policies which focus exclu-
sively on the fi ght against water pollution have revealed their limitations (Brun and 
Lasserre  2012 ). 

 Legislative bodies in most countries now consider water as both a ‘resource’ and 
part of the ‘environment’. The destruction of fi sh habitat due to a range of opera-
tions (weirs, dikes, cleaning operations, the excavation of river beds, channeliza-
tion, etc.) is recognized as a major cause of the degradation of natural aquatic 
environments. Development has also led to river beds becoming deeper, thus per-
turbing the spatio-temporal evolution of the rivers themselves, generating a large 
number of short-, medium-, and long-term consequences (e.g. impacts on hydraulic 
evolution, development of fl ora, use of drinking water, etc.). That is why, beginning 
in the 1970s and 1980s, contractors were obliged to carry out environmental impact 
studies, and, in the 1990s, environmental agencies focused on the central impor-
tance of guaranteeing the physical processes of river hydrosystems. 

 This change of paradigm can be at least partially explained by a growing interest 
in the 1980s and 1990s in the conditions and resources required to restore physical 
milieus, a research approach largely based on work initially carried out in the United 
States in the 1950s (Petts and Calow  1996 ; Malavoi and Bravard  2010 ). This 
research generated a great many promising projects, even if the notion of the ‘rena-
turation’ of rivers means very different things in different drainage basins. 

 There are opportunities for rehabilitation of urban rivers as cities have changed 
their strategies over water. Since the 1990s, the emergence of sustainable develop-
ment has contributed to greener, more water-effi cient buildings. Engineers have 
developed new storm water management techniques. Cities have rediscovered the 
value of the rivers around which they were originally organized and developed: the 
river was a strong element structuring urban development, particularly in the indus-
trial era. This is why the ports and docks were rehabilitated during urban renewal in 
France (Nantes, Rouen, Paris…) and elsewhere in Europe (London, Bilbao, Lisbon, 
Genoa, Copenhagen, Oslo, Hamburg, Frankfurt Main…). Outside Europe, cities 
have transformed their port wastelands into vibrant urban spaces. 

 This article focuses on the reasons behind decisions to ‘renature’ urban rivers 
and on the conditions in which such projects are carried out. In effect, many munici-
palities launch renaturation projects not so much with a view to improving the qual-
ity of aquatic biotic milieus, but as a part of urban projects closely associated with 
the rivers running through their cities. 

2   The aquatic ecosystem or hydrosystem is “the specifi c eco-system of the aquatic milieus gener-
ally defi ned in reference to the living beings which are a part of it, the nature of the bed and the 
banks, the characteristics of the drainage basin, and the hydraulic regimes and the physico- 
chemical qualities of the water” (source:  http://www.glossaire.eaufrance.fr/concept/
ecosyst%C3%A8me-aquatique ). The term describes a different reality to the one covered by the 
river hydrosystem. “The authors of this concept, elaborated and tested on the Rhône, explain that 
it is particularly suitable for major water courses, or at least those disposing of a fl ood plain large 
enough to accommodate a mosaic of geomorphological units and eco-systems, notably the sub- 
systems of the high water bed” (Malavoi and Bravard  2010 , p. 10). 
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 After defi ning the concept of renaturation and presenting the issues that it 
encompasses, the case of the St Charles River in Quebec will be described with a 
view to illustrating the advantages and limitations of urban development projects 
linked to water. In its study of the renaturation of the lower reaches of the St 
Charles River in Quebec, the Franco-Canadian IDEAUX research programme 
(2008–2012) demonstrated that if the interests of the actors of urban planning 
(mayors, promoters, etc.) converge with those of water users, spectacular projects 
can be implemented. 3  The fact nevertheless remains that, in the absence of a global 
approach and taking into account the costs and duration of these kinds of urban 
projects, it would perhaps be more opportune to concentrate on the renaturation of 
rural rivers rather than urban ones.  

2      The Concept of Renaturation: Defi nition, 
Evolution, and Issues 

 In the 1980s and 1990s, a number of restoration projects – fi rst in rural milieus, then 
in urban settings – were successfully carried out, notably in Germany (Boutet  2006 ; 
Semrau and Hurck  2008 ). Since then, public and private contractors have viewed 
urban rivers as a factor in sustainable urban development. However, audacious pro-
grams – such as returning a great river to its original bed in the centre of an urban 
agglomeration, or bringing a buried stream back to the surface – are rare. 

2.1     Renaturation: Defi nition and Principal Characteristics 

 Renaturation is defi ned as a management process whose objective is to restore to an 
aquatic milieu (a stream, a river, etc.) its main ecological and dynamic functions. 
Renaturation thus does not necessarily designate a return to a state considered as 
‘natural’ for the water course – a process that presupposes a state of reference – but 
an approach designed to re-establish its natural functions (Adam et al.  2006 ; 
Bunusevac  2007 ; Brun  2011 ). 

3   The objective of IDEAUX  – Pour une Intégration des politiques de Développement, de l’Eau, 
d’Aménagement et d’Urbanisme en faveur des milieux aquatiques  (For the Integration of Policies 
on Development, Water, Planning and Urbanism in Favour of Aquatic Milieus) – is to study the 
mutual infl uence of so-called ‘territorial’ policies and water management policies. The project was 
initiated in 2008 by the Sogreah-Artelia consulting fi rm with the technical and scientifi c support of 
the Art-Dev Mixed Research Unit in response to the Eaux et Territoires call for projects launched 
conjointly by the French Ministry of Ecology, the CNRS, the Cemagref, and the Ministry of 
Natural Resources and Fauna of Quebec. IDEAUX is one of the 12 interdisciplinary projects 
selected for the Eaux et Territoires program (2008). The project is subsidized by the Ministry of 
International Relations of Quebec and the French General Consulate in Quebec. It also receives a 
subsidy from the Jacques Cartier Centre (2009). 
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 Renaturation is an operative concept which has not yet been fully defi ned, an 
empirical approach at the crossroads between water management and the ecology of 
aquatic milieus. This explains why authors working in the fi eld suggest a variety of 
typologies relative to the physical restoration of aquatic milieus. Nevertheless, four 
major levels of intervention can be schematically distinguished:

    1.     Complete restoration  consists of redirecting the river back to its historical 
course in its original hydrodynamic conditions. 4  Insofar as major water courses 
are concerned, the objective is to provide the water course with a greater degree 
of freedom 5  by demolishing lateral (dams, weirs) and longitudinal (concrete 
anti-fl ood walls, levees) obstacles.   

   2.     Re-creation  is an approach applied to situations in which the original bed cannot 
be located, to ensure that the river follows its original course as closely as 
possible.   

   3.     Compromise  is an approach used when roads, buildings, etc., make scenarios 
such as those described above impossible. The objectives of this approach are to 
diversify habitats and achieve a dynamic equilibrium. Some structures (dikes, 
dams, etc.) can be demolished if no surrounding buildings are impacted.   

   4.     Diversifi cation  applies to situations characterized by strongly constraining 
factors in which, for example, there is no freedom to build laterally (the areas 
on either side of the river have already been urbanized). Conditions can only 
be improved by introducing structured elements into the channel – by adding 
slightly sloping banks, placing obstacles in the channel, introducing fl ow 
defl ectors, etc.     

 An analysis of projects in France and around the world reveals a number of con-
stants. Renaturation is a voluntary, planned approach. In most circumstances, proj-
ects are organized and funded by municipalities, government agencies, or local 
residents associations. The cost of renaturation projects varies signifi cantly depend-
ing on the characteristics of the site in question. For example, in Western Europe, 
the cost of studies and works per linear metre varies between a few dozen euros in 
rural areas to almost 1,000 euros in an urban context. The renaturation of an urban 
river is expensive, in part because it requires thoroughgoing studies encompassing a 
multitude of issues (real estate, hydraulics, ecology, etc.). Such projects also involve 
the acquisition of parcels of land next to the water course and, in many cases, com-
pensation of local residents and companies whose properties and premises have 
been expropriated. 

 The renaturation of urban rivers is generally accompanied by other development 
projects (optimizing the management of rain water, modernizing waste water net-

4   The approach consists in defi ning a point of reference based on core drilling and the diachronic 
analysis of old maps and plans. The present-day river bed is blocked off and the river redirected to 
its original bed. 
5   The high water bed within which the river channels provide lateral outlets for the movement of 
sediments, as well as hosting aquatic and terrestrial eco-systems. Source:  http://www.glossaire.
eaufrance.fr/concept/espace-de-libert%C3%A9-d’un-cours-d’eau 
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works, renovating residential buildings, public spaces, and public facilities, etc.). 
That is why such operations take a number of years to complete and are particu-
larly complex in terms of organization. Furthermore, some projects are preceded 
by public information campaigns or the decontamination of land previously pol-
luted by industry. 

 The concept of renaturation covers a wide variety of projects, ranging from redi-
recting rivers once channelled into canals back into their original courses, to infi -
nitely more modest programs. In certain cases, projects described as exemplary – on 
the grounds that they focus on ecology rather than civil engineering – can be 
counter- productive. For example, when the banks of the Erveratte, in Switzerland, 
were reinforced using vegetal techniques (vegetal embankments, fascining), energy 
once dissipated laterally was concentrated into the channel of the water course. In 
fact, the river has dug its own bed so deeply that the banks have been undermined. 

 In France, it might have been expected that, due to the adoption of the European 
Framework Directive on Water ( 2000 ), attitudes to the concept of renaturation 
would have evolved towards an approach based on the effi cient functioning of eco-
systems. But an initial analysis reveals that, on the contrary, traditional concepts 
based on good water fl ow and fl ood protection continue to hold sway. 6  In places, 
traditional hydraulic projects are still funded by the French water agencies within 
the framework of the new renaturation policy. 

 Meanwhile, Idarraga ( 2010 ) lists over 160 completed and ongoing renaturation 
projects worldwide, three-quarters of them in Europe (79) and North America (43). 7  
Nonetheless, the world’s other regions are also active. 8  For example, in 2002, in 
Seoul, the then mayor, Lee Myung-bak, took the decision to launch a project to 
rehabilitate the Cheonggyecheon, a tributary of the Han River. Work on the project 
was commenced in 2003 after the demolition of the main road built over the tribu-
tary in 1968. A 5.8 km stretch of the river serving the city’s commercial districts 9  
has once again become a popular site for promenades and leisure activities. 

 Renaturation is a concept developed by ecologists, biologists, and water manag-
ers. However, the ecological and social aspects are inseparable, especially in urban 
areas where human densities are high and usage confl icts are many. “Actions to 
conserve or restore the river must maintain or restore the dynamics of the river to the 
greatest extent possible, identify and protect healthy parts of the ecosystem, link 
social patterns with ecological patterns, and develop management alternatives that 
are robust in the face of future uncertainty” (Gregory  2012 ).  

6   Working within the framework of the IWRM-Net Forecaster project in 2009, B. Morandi listed 
597 sites or projects relevant to the fi eld of river restoration. According to Carré et al. ( 2009 ), the 
differences between such projects are mirrored by the geographical disparities of the sites on 
which they are carried out. 
7   An analysis of the data collected by Idarraga ( 2010 ) for Canada and France suggests that the 
author has underestimated the number of projects in the fi eld. Nevertheless, his work does provide 
an insight into the number of projects undertaken in individual countries and the disparities 
between various continents. 
8   Idarraga ( 2010 ) lists 21 projects in Asia, 12 in Latin America, 9 in Oceania, and 1 in Africa. 
9   Source:  http://shadowrun.over-blog.com/article-18979076.html 
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2.2     The French Experience: Renaturation Limited 
to the Landscaping of River Banks in Urban Milieus 

 Case studies carried out in France show that, unlike in rural territories, projects car-
ried out in urban contexts tend to be limited to ‘landscaping’ the river banks. For 
example, in Lyon, 5 km of Rhône quays were recently redeveloped for €44.1 mil-
lion by the Greater Lyon municipality in partner with the agency, In Situ, creating 
accessible pedestrian walkways with a large number of trees and providing shelter 
from the roadways built over them. The redevelopment of the quays, which took 
their current form in the nineteenth century, was rated a success by the public 
because of the linking of certain of the city’s public facilities (see Fig.  24.1 ). 10  
Indeed, the city has initiated a study for a project entitled Rives de Saône, involving 
artists and landscape designers working on the other major river that fl ows through 
Lyon. According to projections, 15 km of the 22 km project will have been com-
pleted by 2013. 11   

 Between 2000 and 2009, in Bordeaux in south-west France, after a preparatory 
period of 20 years during which numerous old riverside buildings were demolished, 
the quays on the left bank of the Garonne were redeveloped at a cost of tens of mil-
lions of euros. Overseen by the landscape designer, Michel Corajoud, the 45 ha 
development made a major contribution to the urban renewal of the Bordeaux 

10   Interview with the geographer, J.-P. Bravard, Le Rhône: plus qu’un atout de marketing urbain, 
Diagonal, No. 177, 2008, pp. 34–36. 
11   http://www.grandlyon.com/Rives-de-Saone.3531.0.html . Accessed 6 Mar 2012. 

  Fig. 24.1    The banks of the Rhône in Lyon were built for cyclists and pedestrians, Brun  2010        
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agglomeration. 12  There are similar examples in the Paris region where most major 
urban projects involving the Seine include the redevelopment of the river banks. 
This is true of the Ardoines (280 ha) in Vitry-sur-Seine developed by the Orly-
Rungis- Seine Amont Public Development Establishment (Brun and Adisson 
 2011 ). 13  And it is also true of the river eco-neighbourhood of Ile-Saint-Denis (22 ha) 
developed by the Plaine Commune, and of the eco-neighbourhood of the Docks 
Park in Saint-Ouen (12 ha) developed by Séquano Aménagement, an agency depen-
dent on the Paris municipality. 

 In most cases, these riverbank redevelopment projects are reminiscent of 
approaches generally applied by urbanists to public spaces: the use of suitable pub-
lic lighting, the development of safer and more peaceful access-ways, the planting 
of riverside vegetation, the creation of new urban neighbourhoods, etc. The list is 
not exhaustive. Such projects in fact generate results that combine aesthetic, func-
tional, and sewerage objectives with the intention of returning cities to their rivers, 
often focusing on formerly industrial riverside areas (Docklands in London) or on 
outstanding heritage sites (the Rideau Canal in Ottawa). However, these projects do 
not strictly involve a process of complete renaturation, since the density of urban 
developments often makes it impossible to redirect rivers to their original courses. 
This problem rarely arises in rural situations.  

2.3     An Operational Concept in Rural Milieus, But the Number 
of Major Projects Remains Low 

 The Drugeon is a 35 km long stream in the east of France. Its renaturation was one 
of the most successful projects of recent years. In 1951, under pressure from the 
farming community, local municipalities, in conjunction with the French Ministry 
of Agriculture, commenced drainage work on the marshland around the stream. 
Although the Drugeon lost 30 % of its length, the project ended in failure: only 
around 200 ha of land, or 10 % of the initial objective, were reclaimed. More than 
40 years after it had been channelled into a canal, local municipalities, working 
within the framework of an inter-municipal structure, decided to direct the Drugeon 
back to its original course. The renaturation of the Drugeon began in 1993 and was 
completed in the early 2000s. Initial assessments were positive in that experts were 
able to observe that certain species were gradually recolonizing the sections of the 
stream that had been redirected to its original course. The ecological re-conquest 
was, moreover, preceded by a reappropriation of the river’s banks on the part of 
local inhabitants and fi shermen. 14  

12   Ville d’Angers, La reconquête des quais à Bordeaux.  http://www.angers.fr/fi leadmin/plugin/tx_
dcddownloads/La_reconquete_des_quais_a_Bordeaux.pdf  May 29, 2010. Accessed 26 Jan 2013. 
13   The overall cost of the Ardoines project, which will take 20–30 years to complete, has been 
estimated at over a billion euros. 
14   The advantages and disadvantages of partially renaturing the Drugeon have been discussed in a 
large number of scientifi c articles. Representatives of local missions have also contributed valuable 
comments regarding the phasing of the project and its fi nancial and administrative organization 
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 The renaturation of the Drugeon was exceptional in terms of the scope of the 
project. However, in Europe, almost all rural rivers have been channelled into 
canals, either for agricultural purposes or as an anti-fl ooding measure. After a long 
period of land acquisition in the 1990s, a few kilometres of the Ouche, a small river 
in Burgundy, were reintroduced to the river’s original course. In the case of the 
Veyle, a river fl owing 67 km across a plain to the north of Lyon, local municipalities 
created a new river bed that was as natural as possible for a water course that had 
been destroyed due to the extraction of gravel in the minor bed, a process that had 
commenced in the 1960s. 15  

 Thus, a number of ambitious projects have been successfully completed in rural 
milieus. However, in regard to the number of water courses in France and the rest of 
Europe, relatively few rivers have been the object of hydromorphological restora-
tion programs and, with rare exceptions such as the Isar (Germany), the rivers con-
cerned were small. In European cities, renaturation, even when combined with 
urban projects, as in Lyon and Bordeaux, is often confused with the landscaping of 
river banks. In effect, the urbanization of riverside lots limits the legal, technical, 
and fi nancial margins of manoeuvre of contractors. 

 The situation is similar in the United States, where dozens of projects have been 
carried out, particularly in cities on the shores of oceans and major lakes. The same 
applies in Canada, where, for example, 6 km of the banks of the River Outaouais in 
Gatineau have been redeveloped. 16  This project, the intention of which was to bol-
ster trade and tourism, differs from the renaturation of the upriver section of the St 
Charles River in Quebec (1996–2009), an approach which marks a turning point in 
water policies at the municipal level (Brun  2011 ). 

 In the 1990s, the City of Quebec came to the conclusion that projects carried out 
in the past (the construction of embankments, the concreting of the banks, etc.) had 
perturbed the functioning of the aquatic ecosystem and failed to have the desired 
effect on potential users, who continued to avoid the riverbank. The municipality 
therefore decided to develop a restoration policy for the St Charles River, while 
simultaneously pursuing the urban renewal of the riverside neighbourhoods in the 
old town neighbourhood of the city. The project was a success. The ecological and 
landscape improvements made to the river resulted in a jump in the value of river-

(see  http://www.liferuisseaux.org/rencontre_colloques/Colloque_2009/10-06-09/restauration_
drugeon_Resch.pdf ). 
15   The objective of the project was to reduce the impact of a former gravel pit located at Saint-
Denis- les-Bourgs on the river’s ecosystems and hydrosystems. Costing an estimated €860,000, the 
project consisted in redirecting the course of the river into a minor bed running in parallel for 
approximately 2,000 m. Source  http://www.veyle-vivante.com/ . Accessed 26 Jan 2013. 
16   The project, entitled Destination Gatineau, is located not far from Ottawa. Supported by the 
mayor of Gatineau, Marc Bureau, it is set to be completed in time for the 150th anniversary of the 
Canadian confederation in 2017. The project will require an initial investment of CA$135 million 
and will attract an estimated three million visitors a year to the Quebecois side of the Outaouais 
River. According to its promoters, the project will generate CA$170 million per annum. Source: 
 http://www.radio-canada.ca/regions/ottawa/2012/03/01/002-destination-gatineau-devoilement.
shtml . Accessed 26 Jan 2013. 

A. Brun

http://www.liferuisseaux.org/rencontre_colloques/Colloque_2009/10-06-09/restauration_drugeon_Resch.pdf
http://www.liferuisseaux.org/rencontre_colloques/Colloque_2009/10-06-09/restauration_drugeon_Resch.pdf
http://www.veyle-vivante.com/
http://www.radio-canada.ca/regions/ottawa/2012/03/01/002-destination-gatineau-devoilement.shtml
http://www.radio-canada.ca/regions/ottawa/2012/03/01/002-destination-gatineau-devoilement.shtml


535

side property. In addition, the experience is remarkable because it precedes the birth 
of several years of water policy in Quebec. 17    

3     The Case of the Renaturation of the St Charles 
River in Quebec 

 The St Charles River occupies a drainage basin of 550 km 2 . The area is among the 
fi rst to have been colonized by European settlers and is one of the most densely 
populated areas of its kind in Quebec (350,000 inhabitants). Its 35 km length, from 
its source in Lake St Charles to its mouth in the St Lawrence, traverses various geo-
logical formations from the Canadian Shield to the St Lawrence Lowlands 
(Figs.  24.2  and  24.3 ). The course of the river can be divided into three segments: the 

17   Among other things, the Politique Nationale de l’Eau du Québec (Quebec National Water Policy) 
introduced water master plans (portraits of drainage basins and recommendations) for 33 sub- basins 
of the St Lawrence, suggesting that local drainage basin bodies should encourage the development of 
basin contracts (action programs) in those sub-basins. Since then, the Quebec government has set up 
Integrated Management Zones (2009) to cover the whole of southern Quebec, while simultaneously 
recognizing the growing role of drainage basin bodies. On 11 June 2009, the government also passed 
a law “affi rming the collective nature of water resources aimed at reinforcing their protection”. 

  Fig. 24.2    The location of the St Charles River in Canada       
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fi rst, slightly sloping, and beginning in a humid, semi-forest milieu and running to 
the Kabir Kouba Falls near Wendake; the second, steeply banked and torrential and 
with a more pronounced inclination, from the Falls to the Parc des Saules; and the 
third, running through an urban milieu and with a gentle slope, from the Parc des 
Saules to the river mouth. It is this third segment which, in undergoing a process of 
renaturation, has constituted a major axis of urban development.   

3.1     The Lower St Charles: The Major Axis of Urban 
Development 

 Samuel de Champlain founded Quebec City in 1608, almost a century after Jacques 
Cartier fi rst set foot in the area. The settlement initially developed around the 
Abitation (Place Royale), and later along the banks of the St Charles River (Pouliot 

  Fig. 24.3    The location of the St Charles River Basin in relation to Quebec city       
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 2005 ). The upstream section of the river was the object of successive projects asso-
ciated with the development of the lower part of Quebec City. In the second half of 
the seventeenth century, the river bed was excavated in order to provide adequate 
depth for shipping, and the banks were partially reinforced following the construc-
tion of the fi rst dockyards. After American independence and following Napoleon’s 
continental blockade, the British Empire chose to secure timber supplies in eastern 
Canada and industrialize shipbuilding in Quebec. 

 Between 1820 and 1899, 1,760 ships were built in the dockyards of the St Charles 
estuary. During this period, the population of Saint-Roch (a town near the St Charles 
River) increased from 829 inhabitants in 1795 to 10,760 in 1842. Floating timber and 
industrial and domestic waste negatively impacted the quality of the river’s water and 
signifi cantly reduced biological diversity. From 1870, the dockyards were gradually 
replaced by factories, and in 1878, with the opening of the Canadian Pacifi c railway 
station, the neighbourhood of Saint-Roch became more attractive. Stench and disease 
were attributed to the poor quality of the river water. Drinking water was the reason 
the municipality built, in 1872, the fi rst section of an aqueduct from Lake St Charles. 

 In an alarming report published in 1936, the Surveyor Commission described the 
river as one of the most polluted in the province (Quebec Chamber of Commerce 
 1962 ). The main outlet for the agglomeration’s waste water and a backyard for 
declining industries, the St Charles River became a thorny issue for the municipality 
beginning in the inter-war period. 18  In 1966, in the wake of a tri-partite agreement 
between the municipal, provincial, and federal governments, a decision was taken 
to concrete over the banks (Dumont  1998 ). After a major embankment construction 
project (1957) designed to increase the amount of land available for construction 
purposes, the municipality of Quebec City concreted over the banks of the St 
Charles River between 1969 and 1974 in an attempt to make them more attractive. 19  
The municipality also erected an anti-tidal dam in the early 1970s (Samson Dam) in 
order to stabilize the water table in the urban area. 

 The objective of these projects was to improve water management in terms of 
hygiene, while simultaneously modernizing the historic neighbourhoods that the 
river runs through. At the time – the time of the Gréber-Fiset Plan – functionalism 
was the order of the day. Between Scott Bridge in the west of the city and the confl u-
ence with the St Lawrence in the east, roads supplanted the natural corridor repre-
sented by the St Charles River. Urban development strategies carried out in Quebec 
City echoed European ‘models’ such as the quayside roadways in Paris. “We have 
stopped dreaming in colour; now we’re dreaming of concrete”, Gilles Lamontagne, 
mayor of Quebec City, said at the time. 20  

18   The tributaries of the St Charles River were also of concern to the public authorities during this 
period (see: Fuites souterraines inattendues. Enfouie dans les années 1960, la rivière Lairet laisse 
ses traces à l’Hôpital Saint-François d’Assise,  Le Soleil , Quebec City, 24 May 2012). 
19   The municipality was also responsible for the construction of a purifi cation station and for 
improving the management of urban water in order to address the manifest shortcomings in the 
fi eld of sanitization in the Saint-Roch and Limoilou neighbourhoods of the Old Town (Quebec City 
Town Planning Department  1973 ). 
20   Lamontagne: Québec deviendra l’une des plus belles capitales du monde,  Le Soleil , Quebec City, 
21 November 1966. Cited by Dumont ( 1998 ). 
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 Thanks to the projects completed in the  Trente Glorieuses  – the period of 
economic growth between 1945 and 1975 – the most urban section of the St Charles 
River was no longer the “gutter transporting waste and debris, exposing a stinking, 
muddy bed” described by Gréber and Fiset in ( 1956 , p. 49). However, the water 
quality was still very bad due to poor management of storm water. Furthermore, far 
from making the river more attractive, development projects had succeeded only in 
making it less so. The municipality of Quebec City therefore resolved, 30 years on, 
to make another attempt by pursuing the same objectives while adopting a radically 
different approach.  

3.2     From the “Kabir-Kouba Plan” to the “Renaturation” 
of the St Charles River 

 A development plan by the name of Kabir-Kouba (a Huron-Wendat name meaning 
“river of a 1,000 meanders”) was conceived in 1974 with the aim of once more plac-
ing the river at the centre of the city’s urbanization project. In this regard, a number 
of ecological objectives were added, and the plan was updated in 1995 (Paulin 
 2001 ). From the technical point of view, civil engineering had to some degree been 
replaced by vegetal engineering: the 8 km stretch of river bank concreted over for 
CA$16 million a few decades earlier was demolished and ‘renatured’ (City of 
Quebec  1996 ; Paulin  2001 ). 

 The project consisted in developing a variety of fauna habitats and encouraging 
the redevelopment of riverside vegetation, while at the same time reinforcing the 
river’s role as a centre for recreation accessible to the local population (Paulin  2001 ; 
Pronovost  2009 ). A 32 km network of pedestrian walkways, frequently accompa-
nied by cycle paths, now links the restored sectors to Lake St Charles. Partaking of 
a more traditional approach, the 12 rainwater collection basins (underground con-
crete structures) near the outlets in the wooded areas, now capture 90–95 % of the 
volume of water overfl owing the gutter system, thus helping to reduce the number 
of times water is released into the river in cases of heavy rain from 55 to 4 times a 
year. The overall cost of the project, shared between the municipality of Quebec and 
the provincial and federal governments, was approximately CA$115 million 
(Figs.  24.4  and  24.5 ).   

 Infrastructure designed to collect and transport rain water to the main storage 
facilities accounted for over 80 % of public expenditure. Rain water and waste water 
networks were diverted and modernized; according to the technical services of the 
City of Quebec, municipal management of water in the riverside neighbourhoods 
was substantially improved. On the other hand, according to a number of environ-
mental associations, in regard to the tributaries of the St Charles River, waste water 
treatment and the management of rain water still leaves a good deal to be desired. 21  

21   To our knowledge, no precise assessment of the project has been carried out in terms of urban 
sanitation concerning the renatured section, the other upstream sections, and the tributaries, some 
of which are still used as outlets for domestic and industrial waste. 
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 The urban scheme developed by the City of Quebec between 1996 and 2009 after 
a series of public consultations included a number of spectacular projects (Pronovost 
 2009 ). If the ‘social’ benefi ts are hard to quantify, the presence of an increasing 
number of promoters on the plots of industrial wasteland sites next to the St Charles 
Linear Park bears witness to an urban revitalization (Fig.  24.6 ); the Old Town is 
being transformed into a mixed-use, pedestrianized area; to the social habitat of the 
working class neighbourhoods will be added more opulent plots with ‘a river view’ 
(Boutet  2006 ). The scheme encompasses the usual imperatives of security and 
accessibility for the handicapped which pertain in major cities and agglomerations. 
For example, particular attention is paid to public lighting and to the height of veg-
etation, so that people taking a stroll always have a clear and unimpeded view. The 
urban furniture is adapted to inclement weather, fl ooding, and vandalism. The incli-
nation of the paths along the river banks are suffi ciently slight that they can be easily 
used by people with reduced mobility (Pronovost  2009 ).  

 The urban project benefi tted from a ‘window of opportunity’ which opened in 
the 1990s. Leading up to the 400th anniversary of the founding of Quebec City 
(2008), the Provincial government had, in effect, selected three priority projects in 
the spring of 2000, foremost among which was the depollution of the St Charles 
River. The capital of the Francophone province was to become the shop window of 
the nation in the upcoming international festivities, and large amounts of funding 
were made available with the aim of removing the river from the blacklist of the 
most polluted water courses in North America. Around the world, rivers were regu-

  Fig. 24.4    Downstream of the St. Charles River in Quebec City, Brun  2010        
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larly featured in major events which gave a boost to improvement work (Fig.  24.7 ). 
For example, the transformation of the quays of the Thames underwent two sudden 
accelerations, the fi rst due to Year 2000 celebrations, the second to the 50th anniver-
sary of the reign of Queen Elizabeth II (Lemonier  2003 ). 22   

22   In the west of Canada, the small town of Whitehorse, the capital of the Yukon Territory, partially 
renovated its waterfront to mark Elizabeth II’s Golden Jubilee (Jubilee Park was opened on 25 May 
2002). 

  Fig. 24.5    Property developers return on the banks of the St. Charles River to build housing, Brun 
 2009        
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 The St Charles project also benefi tted from experience acquired by the munici-
pality a few years earlier from meetings on the urban renewal of the Saint-Roch 
neighbourhood. The symbol of a decline in the city’s commercial industrial centre 
which lasted until the early 1990s, Saint-Roch now provides an example of nego-
tiated urbanism. Following the election of Jean-Paul L’Allier’s Rassemblement 
Populaire party in 1989, the municipality succeeded (after having vainly attempted 
for a number of years to modernize the neighbourhood by means of ‘grands pro-
jets’ based on a highly controversial top-down model of urban planning) in com-
pleting a number of projects in conjunction with local actors. The new government 
emphasized a policy based on popular consultation and focused on developing the 

  Fig. 24.6    A trail connects the upstream and downstream of the St. Charles River, Brun  2010        
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neighbourhood based on its existing architectural heritage and on its history, 
rather than by parachuting in major infrastructural projects. During consultations 
on the renaturation project, the municipality followed this precept, even going so 
far as to appropriate some of the ideas of critical associations at the expense of its 
own technical departments (as the report of the association, Rivière Vivante, sug-
gests;  1999 , p. 6). 

 Generally speaking, the Quebec City municipal government was able, thanks to 
the favourable political context that pertained in the 1990s, to introduce a new 
approach. According to Scherrer ( 2004 ), writing on the subject of the increase in the 
value of riverside plots in urban areas, the new approach consisted in limiting 
anthropic pressure on a reconstituted natural milieu and considering the overall 
quality of the urban river as an inherent factor in urban amenities. Although the 
Samson Dam in Quebec City prevents fi sh from migrating, the return of certain spe-
cies bears witness to the ecological interest of the renaturation of the downstream 
section of the St Charles River. The physico-chemical quality of the surface water 
will probably get better over the course of the next few years thanks to gradual 
improvements in rain water collection systems. This is also true for the rest of 
Quebec (Duchesne  2009 ). 

 Furthermore, the creation of islands, beaches, and rocky breakwaters are now 
among the most audacious projects in an urban water course that is very ‘corseted’. 23  

23   In comparison, the drainage and reforestation project carried out in the valley of the Saint- 
François River over the past 30 years, described by Castonguay and Samson ( 2010 ), seems to be 
lacking in ambition. 

  Fig. 24.7    Whitehorse waterfront, Brun and Lasserre  2012        
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However, while such projects mark turning points in terms of urban development in 
Quebec, the issue of urban sprawl characterizing North American cities remains 
problematic. Badly managed urbanization, particularly at the head of a drainage 
basin, can have negative consequences on water quality and, consequently, on the 
attractiveness of the upstream sector of the drainage basin in which the public 
authorities have invested a great deal of time and money.  

3.3     The Fight Against Urban Sprawl: A New Environmental 
Priority for the Municipality of Quebec City? 

 Between 1950 and 2000, the surface area of the  continuous urban habitat zone  
(measured according to the 1:50,000 topographical maps published by the Canadian 
Ministry of Natural Resources) of the Quebec City region increased by 630 % (from 
36.9 to 269.3 km 2 ), while its population grew by only 35 % in the same period 
(Mercier  2006 ). In certain areas at the head of the drainage basin, periurban devel-
opment has expanded dramatically. This is true of the sub-basins of the Hibou River 
and of the stream in the St Charles River basin (Conseil du bassin-versant de la 
rivière Saint-Charles  2007 ). Many well-off households have been attracted by the 
nearby ski slopes and the ‘natural’ character of the Quebec countryside, which is 
relatively well connected to the city. “[However], the approach employed by devel-
opers, who build houses in the middle of plots, takes up a lot of space”, says a local 
politician, who adds that “demand must be met”. 24  

 According to environmental associations, “there are many environmental conse-
quences of urban sprawl in the drainage basin of the St Charles River” (e.g. domes-
tic waste at the origin of the degradation of the quality of the water course, acute 
riparian erosion after the clearing of plots of land following the destruction of 
woodland, destruction of fauna habitats, etc.). Most lakes in the drainage basin of 
the St Charles River have also been impacted due to residential developments. At 
certain periods of the year, the bacteriological quality of the water in Lake Durand 
makes bathing impossible. The lake’s water is not used for drinking purposes, and 
local residents use their own systems to cater to their needs. Not all local residences 
are linked to a municipal system for taking away waste water and therefore need to 
employ individual systems (Gérardin and Lachance  1997 ; Bolduc  2002 ). Indeed, it 
is impossible to verify the conformity of all these installations. 

 Upstream, forested areas in the drainage basin of the St Charles River are becom-
ing increasingly scarce. While residential development and recreational tourism 
have caused a number of ecological problems, the same can be said for newly built 
roads. For example, in 1973, the reinforcement of 500 m of the banks of the River 
Berger north of the Boulevard Père-Lelièvre as part of the construction of the Le 
Vallon motorway and, later, the canalization of another part of the river following 

24   Source: interview with a local politician in charge of planning in January 2010 in the city of 
Quebec. 
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the construction of the La Capitale motorway, modifi ed the natural direction of the 
water course, destroyed the fi sh habitat, and rendered riverside land more vulnera-
ble to fl ooding (Conseil du bassin-versant de la rivière Saint-Charles;  2007 , p. 22). 25  
According to the association, Vivre en Ville, “Over the course of the last 10 years, 
75 km of new streets have been built in Quebec City”. 26  

 The municipality is responsible for sanctioning or prohibiting specifi c approaches 
to land use and building projects, while taking into account their environmental and 
public safety impacts on nearby rivers and lakes, and fl ood plains. In taking the 
issue of public safety into account, legislation on the regulation of fl ood plains also 
subjects land use to severe constraints. The municipality’s urban land use plan 
includes provisions for dividing its territory, establishing use categories, deciding 
which construction projects to allow or reject, and decreeing prohibitions or rules – 
and all of these vary according to locations within the territory, established catego-
ries, or any combination of those selection criteria. Nevertheless, to paraphrase a 
regional planning expert, everyone agrees that “today, it’s the law on the protection 
of agricultural land that provides the most effective rampart against the urbanization 
of rural areas”. 27  

 The absence of an overall territorial strategy covering the metropolitan area as a 
whole is, from the point of view of associations like Vivre en Ville, patently obvi-
ous, particularly in terms of urban public transport which is limited to bus services. 
Furthermore, according to a politician from the Quebec City suburbs, this explains 
why, “since we haven’t really got to grips with the urbanization of the territory, we 
have opted for more ecological buildings in the Quebec region.” 28  The reasons for 
the diffi culty of implementing territorial planning based on solidarity between 
municipalities should be sought in the predominance of the city centre, which wants 
“everything its own way”. 29  Furthermore, “there’s no shortage of space; that’s why 
it’s not easy to change the way developers act and how municipalities think… den-
sifi cation is a dirty word in North America!”. 30  

 In this context, in spite of the implementation of a theoretically ‘integrating’ 
local governance system for water, development actors fi nd it hard to accept the 
principles of water management based on drainage basins dictated by the Politique 
Nationale de l’Eau du Québec (Quebec National Water Policy) presented in 2002 by 

25   See too Brodeur, C., Cuff, D., Dionne, N., Laberge, V., Labrecque, R., Trepanier, J., & Turmel, 
P. (2012). Portrait Watershed Capital. Body Watershed Capital. Published in March 2012, ongoing 
review.  http://www.obvcapitale.org/plans-directeurs-de-leau-2/2e-generation/diagnostic 
26   Source: interview with the director of the association “Vivre en Ville” in Quebec City in January 
2010. 
27   Source: interview with a planner of the Ministry of Planning and Municipal Affairs Quebec in 
January 2010 in Quebec City. 
28   Source: interview with a local politician in charge of planning in January 2010 in the city of 
Quebec. 
29   Source: interview with the director of the association “Vivre en Ville” in Quebec City in January 
2010. 
30   Source: interview with the director of the association “Vivre en Ville” in Quebec City in January 
2010. 

A. Brun

http://www.obvcapitale.org/plans-directeurs-de-leau-2/2e-generation/diagnostic


545

the government led by Bernard Landry (Parti Québécois). To simplify greatly, for 
the municipal government the local governance of water does not constitute a lever 
for development in any way. Firstly, the drainage basin is still relatively unfamiliar 
to local politicians and developers, whence the diffi culty of combining urban plan-
ning with water planning. 31  Secondly, local water governance is based on associa-
tive organizations whose fi nancial, human, and technical resources pale in 
comparison with those of professional development and urban planning bodies. 32  
Lastly, those associative organizations have no political legitimacy since they come 
under the aegis of the Ministry of the Environment and their members are not 
elected. That explains the limited role of the St Charles River Drainage Basin 
Council.   

4     Discussion 

 In the case of the drainage basin of the St Charles River, an Association for the 
Protection of the Environment (APEL) was set up in 1980 by volunteers living near 
Lake St Charles, 20 years before the creation of the St Charles River Drainage Basin 
Council. In 1997 the APEL began a gradual process of ‘professionalization’ and 
now has several full-time employees. The Association’s budget varies between 
CA$250,000 and 500,000 per annum. It carries out maintenance work and manages 
the Northern Swamps of Lake St Charles, which it co-owns with the City of Quebec. 
Founded in 2003, the St Charles River Drainage Basin Council has, up until now, 
been more of an observer than an actor, since the government has restricted it to that 
role. According to its statutes, the principal mission of the Council is to provide 

31   The Law on Planning and Urban Development (LAU) introduced in 1979 does not include a sec-
tion specifi cally focusing on water management based on drainage basins. On the other hand, it 
does include the elaboration of the land use development plans published by all the Regional 
County Municipalities (MRCs), which often facilitate the articulation between urban planning and 
planning in the fi eld of water management. 
32   The Government of Quebec, the main provider of funds for the drainage basin bodies, underes-
timated the needs of basin organizations, some of which, in spite of the recent increase in govern-
ment subsidies, are no longer operating due to a lack of money. As a result, the bodies are not only 
experiencing operational diffi culties (limited professional travel for employees, insuffi cient access 
to conferences and socio-professional meetings, etc.), but also diffi culties in terms of recruitment 
(only people with relatively little experience are now hired due to the kind of salaries that can be 
offered). Furthermore, the fi nancial fragility of the drainage basin bodies has had the effect of 
increasing competition between them. Initially announced in 2002, and then again in 2004 by the 
former Liberal minister, Thomas Mulcair, then again in the 2006–07 and 2010 budgets, the water 
charge was fi nally introduced on 1 January 2011 after a draft regulation was passed by the Council 
of Ministers on 2 December 2010. Quebec was thus late in introducing charges for water use, 
doubtless because measures of this kind continue to be unpopular. It is hard, especially in a country 
in which water is abundant and almost free, to make people pay for it in one way or another. 
However, the fact remains that water management based on drainage basins, which has been a 
central platform of public water policy in Quebec for some years now, demands that a scale of 
charges be implemented. 
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information to users and managers. Thus, the Council wields less infl uence with 
local actors than the APEL. 33  Like any other association, it has the right to point out 
potential incoherencies in municipal policies, but even this capacity is limited by the 
fact that some of its members (politicians, developers) represent municipalities. 

 Furthermore, the City of Quebec is unwilling to delegate competences to the 
drainage basin body since, internally, the municipal unions are strongly opposed to 
it: water management is the responsibility of the city government. This means that 
the Council can neither act as contractor, nor as delegate contractor, even if it dis-
posed of the necessary human, material, and fi nancial resources. Neither does the 
Council make any substantial contribution to the development of urban planning 
tools. Consultations with local people and users (in terms of information meetings) 
have been organized by the municipality rather than the Drainage Basin Council. 
Furthermore, a number of questions need to be answered: What kind of participa-
tion should be encouraged? Who should organize it? How can local people, con-
cerned about depreciation in the value of their properties or an attack on their 
property rights, be reassured? 

 In 2008, the Federation of Canadian Municipalities (FCM) awarded a prize to 
Quebec City (sewage). Quebec should nevertheless develop indicators relating to 
the rehabilitation program of the St Charles River. There is a clear gap in terms of 
evaluation. What expertise does it develop? Should it be limited to ecological indi-
cators or should it experiment with economic and social indicators? In coming 
years, the City of Quebec must also ‘fi nish the job’ by recommending that wastewa-
ter must not be discharged into the tributaries of the St Charles River (the de Lorette, 
for example). Should untreated effl uents be discharged, indicators of water quality 
in the St Charles will always be bad. 

 In the City of Quebec, the inability of poorly funded water associations to play 
the role of contractor in the development and management of water courses means 
that they wield little infl uence on local politicians and urban developers, some of 
whom do not even know that they exist. In other words, the local governance of 
water as gradually implemented since the turn of the millennium has had little infl u-
ence on better established and politically more legitimate municipal executives. 

 Beyond Quebec too, municipalities rather than the actors of the water sector are 
responsible for urban river renaturation projects. How should they be encouraged to 
develop urban projects which are more integrated with their environment (short- 
term), as well as a form of territorial planning which makes it possible to fi ght more 

33   The APEL notably contributed to the adoption, on 8 November 2010, of  Interim Control Measure 
to limit human intervention in the drainage basins of the water supply points of Quebec City 
installed in the Saint-Charles River and the Montmorency River . This shows that the theme of the 
preservation of water as a resource is now a matter of concern to the city government. Although the 
objective of the Interim Control Measure is not to put an end to new housing developments, it does 
impose precise technical and architectural parameters in terms of sanitation with a view to afford-
ing a higher level of protection to water supply points in the Quebec City region. Does this suggest 
that the municipal policy is now favouring a more integrated approach to water management? Will 
it provide a genuine articulation between planning instruments used in the water sector and town 
planning policy? 
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effectively against urban sprawl while respecting the principle of ecological conti-
nuity (long-term)? The question is not a marginal one, since the urbanization of 
strategic sectors (fl ood risk zones, drinking water catchment areas, etc.) may have 
the effect of reducing the current emphasis on renaturation programs. 

 Lastly, since it is diffi cult to do more than simply diversify urban rivers (the  com-
promise  scenario presented in Sect.  2 ), perhaps more emphasis should be placed on 
rural milieus in which more ambitious projects are possible. But, then again, per-
haps not. As interviews with architects, urbanists, municipalities, developers, etc. 
working within the framework of the IDEAUX programme suggest, the success of 
renaturation projects focusing on urban rivers may encourage municipalities to take 
a systematic attitude towards such approaches and optimize urban water manage-
ment by developing projects combining water and territory to a greater degree.     
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    Chapter 25   
 Adapting to Climate Change in Urban Water 
Management: Flood Management 
in the Rotterdam–Rijnmond Area 

             M.     van     Vliet      and     J.  C.  J.  H.     Aerts   

1            Introduction 

 Many large coastal cities are located in deltas. Proximity to rivers and sea, low 
elevations, and subsidence makes them vulnerable to fl oods (de Moel et al.  2011 ; 
Nicholls et al.  2008 ). Increases in fl ood damage are a common trend, and this is 
largely due to increases in people and industry on the fl oodplain, combined with a 
rise in property values (Dawson et al.  2011 ; Nicholls et al.  2008 ; Maaskant et al. 
 2009 ). This trend is expected to continue: in 2007 half the world’s population lived 
in cities and the number is increasing (UN-Habitat  2008 ). In addition, the magni-
tude and frequency of fl ooding in many river basins and deltas is expected to 
increase due to climate change and associated sea-level rise (IPCC  2007 ). For 
example, higher peak discharges are expected for the river Rhine in north-western 
Europe (Hooijer et al.  2004 ; Te Linde et al.  2010 ). 

 The use of structural measures alone, such as levees, does not provide suffi cient 
protection as there is always the chance they will fail, while the costs from a major 
fl ood are rising because of population and economic growth (van Herk et al.  2011 ; 
de Moel et al.  2011 ). Therefore, recent research has advocated that additional mea-
sures in managing fl ood risk be implemented, combining both structural and non- 
structural measures (Aerts and Botzen  2011 ; Bubeck et al.  2012a ; Dawson et al. 
 2011 ; Evans et al.  2004 ; Schelfaut et al.  2011 ; Stephenson  2002 ; Wheater and Evans 
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 2009 ; Begum et al.  2007 ; de Moel et al.  2011 ). To reduce fl ood damage, several 
studies have shown the effectiveness of adaptive, non-structural measures and of 
increasing adaptive capacity (Botzen et al.  2013 ; Dawson et al.  2011 ; Kreibich et al. 
 2011 ; Bubeck et al.  2012b ; de Moel et al.  2013 ). Some authors have even advocated 
that adaptive measures are more sustainable than structural ones, as they are more 
fl exible, involve less commitment of resources, and do not exclude options for 
future generations (Kundzewicz  2002 ). 

 As the number of vulnerable assets in a fl oodplain determines the potential 
damage from fl oods, spatial planning can be a very powerful tool to reduce fl ood 
impact (Schelfaut et al.  2011 ; van Herk et al.  2011 ). However, for spatial plan-
ners water safety is often not a priority. Many issues play a role in urban develop-
ment, some of which tend to oppose water safety, e.g. developing attractive 
waterfront houses for higher incomes in fl ood-prone areas. Houses bordering 
water often carry higher prices (Luttik  2000 ), illustrating the stronger demand 
for houses overlooking water. A large embankment in front of such houses can 
lead to lower real estate values. Adaptive measures, such as dry-proofi ng, fl exible 
and removable barriers, and multi-functional embankments can be used to main-
tain the attractiveness of water- side properties (Botzen et al.  2009 ). The different 
interests between water management, housing, business, harbour activity, and 
recreation have to be balanced in the spatial planning process. Many authors 
therefore stress the need for participatory approaches to spatial planning and 
water management (e.g. Healy  1997 ; Pahl-Wostl  2007 ; van Herk et al.  2011 ). At 
the same time, municipalities should be able to enforce fl ood safety measures 
when necessary. 

1.1     Problem Description 

 In the City of Rotterdam – located on the North Sea coast of the Netherlands along 
the river Rhine ( Nieuwe Maas )  –  fl ood risks are steadily increasing due to restruc-
turing and redevelopment of unembanked areas. Until now, new developments in 
unembanked areas were allowed in Rotterdam if they were elevated to a safe level. 
This policy causes problems, however, when former harbour areas are redeveloped 
in phases, as it results in neighbouring buildings having large differences in ground 
level. It is also very expensive when all infrastructures (including underground 
infrastructure) have to be elevated as well. Several older buildings have to be saved 
as cultural heritage, which causes further problems with elevation differences. 

 Due to past sea level rises, the ground level of several existing urban areas is now 
too low. When rebuilding occurs in these areas, similar complications emerge. 
Furthermore, not all buildings will be rebuilt; many will be renovated or given new 
facades (see Fig.  25.1 ). Instead of elevating ground fl oor levels or installing embank-
ments, other options need to be studied, including spatial planning, fl ood zoning, 
and building codes.  
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 Some research has been done to show the risk-reducing effect of certain spatial 
planning measures in the Netherlands (e.g. Aerts et al.  2008 ; Runhaar et al.  2012 ), 
but adaptive (non-structural) fl ood measures are still little used. One reason could be 
the lack of supporting policies or legal barriers. So far, there has been very little 
attention to the impact of policies, laws, and regulations on the actual implementa-
tion of adaptive fl ood measures. 

 Therefore, the main research question of this chapter is: what is the effect of poli-
cies, laws, and regulations on the potential to reduce fl ood damage through spatial 
planning measures, fl ood zoning, and building codes? How can municipalities stim-
ulate the use of adaptive measures and, if necessary, enforce them? Data was gath-
ered via a literature review and a series of interviews and two workshops with policy 
makers, scientists, consultants, and lawyers. 

 The chapter starts with a description of the case study and adaptive measures. 
Subsequently, current policies, laws, and regulations with respect to building codes 
and zoning in the Netherlands are reviewed, leading to an analysis of how they 
affect the implementation of adaptive measures. We will describe the barriers we 
encountered against implementation, and how these are affected by the legal frame-
work and historical background of the Netherlands.   

  Fig. 25.1    Redevelopment plans in Feijenoord, Rotterdam consisting of new buildings (nieuw-
bouw), renovation (renovatie), selling former rental houses (verkoop bestaande woningen) and 
work on the facades (gevelaanpak bestaande woningen)       
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2     Case Study Description 

 Rotterdam contains relatively large unembanked areas within the port zone, most of 
which were elevated when fi rst developed. The newest parts of the harbour of 
Rotterdam, developed in 2008–2013, are elevated to 5 m above sea level. Some of 
the oldest harbour areas are located in the city centre and were only elevated 2.5–3 m 
above sea level, which results in regular fl ooding on the quays. Currently, 4.1 m 
above sea level is advised for new developments (van Veelen  2012 ). Flood frequen-
cies in the case study area range from 1 in 10 years on the quays to 1 in 10,000 years 
in the higher parts (Fig.  25.3 ). The last time that large parts of the unembanked areas 
were fl ooded was in 1953. Smaller parts, mainly located on the quays, do fl ood 
more often, most recently in December 2011 (Fig.  25.2 ).   

 A model study on damage in residential areas showed expected damage in the 
unembanked area of Rotterdam ranging from nearly two million euro (for a 1 in 100 
years) to 14 million euro (1 in 10,000 years) (Veerbeek et al.  2010 ). Currently, 
fl oods lead to serious damage from around the 1 in 50 year return period, with a 
sharp increase in damage for 1 in 3,000 year fl oods (Veerbeek et al.  2010 ). Due to 
Rotterdam’s proximity to the sea, sea level rise will increase fl ood frequencies and 

  Fig. 25.2    Flooding of the low lying quays of the Noordereiland in Rotterdam (picture courtesy to 
Pieter de Greef)       
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damage: a 60 cm increase in sea level changes a 1 in 1,000 year fl ood into a 1 in 100 
year fl ood, and a 1 in 100 year fl ood into a 1 in 10 years fl ood (Slootjes et al.  2011 ). 

 As harbour activities are moving out of the city centre to the newer harbour 
areas, the old harbour areas in the city centre are being redeveloped into residential 
and commercial areas (Fig.  25.4 ). Due to this redevelopment the number of people 
living in unembanked regions of the larger Rotterdam–Rijnmond area is expected to 
strongly increase, from 65,000 now to 80,000–100,000 in 2050 (Wardekker et al. 
 2010 ). The new developments, in conjunction with sea level rise, mean that adaptive 
measures become necessary in the unembanked areas.  

2.1     Adaptive Measures 

 The project started with developing a list of possible adaptive measures that could 
be used to decrease potential fl ood damage, both in existing residential areas as well 
as in new developments. This list of measures was used to create a ‘toolbox’, essen-
tially a matrix of nine categories of measures – embanking, elevating, dry-proofi ng, 1  

1   Dry-proofi ng: preventing fl ood water from entering a building by reinforcing walls, windows, and 
doors and making them impermeable. 

  Fig. 25.3    Flood extent in the main case study area of the HSRR3.1 project, associated with the 
predicted return periods for the current conditions in part of the Rotterdam unembanked area 
(based on Huizinga  2010 ) (Figure courtesy to Hans de Moel, IVM)       
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wet-proofi ng, 2  temporal adaptation, fl oating, evacuation, regulations, 
 communication – and four different scales on which they could be implemented – 
building, building block, neighbourhood, city district (Table  25.1 ). Measures could 
be implemented in different ways and at different scales. For example, a single 
building can be wet-proofed, but so too can a neighbourhood’s entire public space. 
Evacuation can be done within a building (towards higher fl oors), within an unem-
banked area (to higher places or a fl ood-proofed shelter), or to an embanked area; 
which option is most viable depends on local characteristics.

   Single buildings or a whole city district can be elevated. When a single building 
or building block is elevated the architect will have to deal with height differences 
at the entrance to the building. When larger areas are elevated the surrounding infra-
structure is often elevated as well. This makes the entrance to buildings easier, but 
care has to be taken that transitions to other parts of the city are smooth. 

 Instead of keeping water out, one can also allow water to fl ow into an area. A 
side-effect is an increase in the inhabitants’ fl ood awareness. Often, water is only 
allowed to enter public spaces. Such public spaces will need to be wet-proofed to 
minimise damage, for instance by using a ground cover that cannot be easily washed 
away. Utilities like power houses will need to be elevated or dry-proofed, and sew-
erage openings must be closable. To minimise disturbance it is important that water 
can drain away quickly after a fl ood. Another option is wet-proofi ng of buildings. In 
this case electrical outlets have to be placed high on walls, tile fl oors are needed 
instead of wooden ones, and wall panels should be placed horizontally instead of 
vertically. 

2   Wet-proofi ng: fl ood water is allowed to fl ow into the building, but the building is built of materials 
that are not damaged by fl ood water and are easy to clean. 

  Fig. 25.4    New developments in the former harbour area Kop van Zuid in Rotterdam       
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 Temporary adaptations can be taken when a fl ood hits. This way there is little 
disturbance in times of normal water levels and adequate protection in times of 
fl ood. With temporary embankments, however, there is always the chance they will 
not be ready in time or other human errors may occur. On a building they can take 
the form of temporary baffl es in front of doors or windows (Fig.  25.5 ), or on a larger 
scale they can be fi tted between gaps in embankments or make an existing embank-
ment higher (Fig.  25.6 ). Other temporary adaptations are, for instance, seasonal 
permits for riverside pubs or newspaper stands, which need to be moved in the fl ood 
season.   

   Table 25.1    Toolbox of adaptive measures studied in the Feijenoord, Rotterdam case study (based 
on van Veelen  2012 )   

 Building  Building block  Neighbourhood  City district 

  Embankments   Embankment 
around building 
block 

 Embankment 
around 
neighbourhood 

 (Secondary) 
embankment 
around 
unembanked 
area 

  Elevating   Elevating 
building 

 Elevated 
building block 

 Elevating 
neighbourhood, 
including 
infrastructure 

  Dry-proofi ng   Dry-proofed 
building 

 Dry-proofed 
outside walls to 
protect building 
block 

 Dry-proofed outside 
walls as part of 
embankment 
around 
neighbourhood 

  Wet-proofi ng   Wet-proofed 
garden and 
building 

 Wet-proofed 
quays 

 Wet-proofed public 
space 

 Flood proof 
public space 

  Adapting   Temporary 
adaptations to 
buildings 

 Temporary 
closing open 
spaces in 
building block 

 Temporary 
protection of 
neighbourhood 

  Floating   Floating 
building 

 Floating 
building block 

 Floating 
neighbourhood 

  Evacuation   Evacuation 
within building 

 Evacuation to 
higher grounds 
in unembanked 
area 

 Evacuation to 
embanked 
areas 

  Regulations   Building codes 
and regulations 
for use 

 Zoning within 
unembanked areas 

 Zoning within 
unembanked 
areas 

  Communication   Personal 
communication 
on fl ood risk and 
evacuation 

 Large scale 
communication and 
risk maps 
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  Fig. 25.5    Placeholders for demountable barriers in front of basement windows in the city of 
Kampen       

  Fig. 25.6    Placeholder for demountable barriers (in the pillar, fence will be replaced by wooden 
boards) at the riverside quay in Kampen. In the pavement a hidden piston embankment can be seen 
(highlighted for better visibility)       
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 In several places in the Netherlands experiments have been made with fl oating 
buildings. Rotterdam has a fl oating pavilion (Fig.  25.7 ) and there are plans for a 
fl oating neighbourhood in the same harbour. Amsterdam already has a small neigh-
bourhood of fl oating houses. In several places people live on ‘houseboats’, which 
often do not resemble a boat at all (Fig.  25.8 ).   

 To effectively evacuate unembanked areas, there should be evacuation plans, 
evacuation routes, and shelters. People need to be able to get quickly to safe areas, 
which can be in shelters, higher ground within unembanked areas, or embanked 
areas. At times of normal water levels, shelters can be used as schools, gyms, or 
concert halls. People can also move to the higher fl oors of multi-storey buildings. 
Shelters on the top fl oor can perform other functions when water levels are normal, 
such as a restaurant or gym. 

 Regulations can be made for single buildings, for instance in the form of building 
codes, or for whole neighbourhoods in the form of land use zoning and evacuation 
plans. Building codes can specify dry- or wet-proofi ng, and set out appropriate 
styles for fl oating houses, buildings on poles, and escape routes. Another option is 
to use ground fl oors for less vulnerable functions like shops or car parks. On a 
neighbourhood level, sensitive functions can be placed in those parts that are not 
fl ood-prone and evacuation routes can be secured. Flood-zone maps can give guide-
lines about which type of regulation is needed in which location. 

  Fig. 25.7    Floating pavilion in the Rijnhaven in Rotterdam       
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 Communication is important as it gives inhabitants of unembanked areas better 
knowledge of risks. Flood-risk maps can be a good tool for doing this (de Moel 
et al.  2009 ). Municipalities can inform residents of the measures they have taken 
(e.g. evacuation routes and location of shelters) and inform citizens of the options 
there are for minimising property damage. Currently, roughly half the population in 
the unembanked areas of the larger Rotterdam–Rijnmond area do not know if they 
live in an unembanked area (de Boer et al.  2012 ). This shows the need for improved 
communication, although it has to be done with extreme care in order not to provoke 
unnecessary anxiety. 

 For the Rotterdam project, the toolbox was used in workshops for discussing 
which measures could best be used in which part of the case study area. During the 
design phase of the project, the focus was mainly on spatial quality. Sketches were 
made of embankments that are able to retain the relation of waterfront houses to 
water, such as embankments in the form of low benches or elevated boulevards (van 
Veelen  2012 ). In later phases, aspects such as support among the local population 
and business owners, and fi nancial feasibility, were discussed. 

 At the end of the workshops, three different possible fl ood management options 
were evaluated: keeping water out, letting water in, and an intermediate option. In 
the ‘water out’ option, different forms of embankments are used. These embank-
ments were developed in such a way that contact with the water could be main-
tained. Embankments should therefore not be higher than approximately 1 m, so 
that owners of houses overlooking the water can still see it when standing in the 
living room (van Veelen  2012 ). The embankment was shaped as a low bench, or a 
higher promenade with a long slope on the inside. This height is, however, not 

  Fig. 25.8    A houseboat in Nijmegen       
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enough to maintain current safety levels in the long run (>50 years; van Veelen 
 2012 ). In the intermediate option, the fl ood safety standard would be 1 in 100 years 
(rather low for Dutch standards), and more attention was given to evacuation and 
communication strategies. In the ‘water in’ option, fl ooding will occur regularly, 
especially if sea levels continue to rise. Therefore a lot of buildings need to be dry- 
proofed, and much attention needs to be given to evacuation. Wherever possible, 
highly fl ood-sensitive functions (such as energy plants, drinking water plants, and 
hospitals) are moved to higher parts of the unembanked areas.   

3     Building Code and Zoning Policies in the Netherlands 

 Below, we review the policies and legislation in the Netherlands which affect adap-
tive measures in terms of building codes and zoning policies. Table  25.2  gives an 
overview of these policies and legislation, a short description of their content, and 
their implications for adaptive fl ood measures.

3.1       European Legislation 

 As the Netherlands is a member state of the EU, European regulations also affect 
Dutch regulations. After a number of severe fl oods in Europe, the European Union 
developed the European Flood Directive (Directive 2007/60/EC). It offers a frame-
work for assessing fl ood risks and gives guidelines for decreasing the negative con-
sequences of fl oods. It requires member states to develop fl ood hazard and fl ood risk 
maps, as well as fl ood risk management plans (Flood Directive website  2011 ). The 
Netherlands is currently in the process of developing these maps. The Dutch Water 
Act of 2009 incorporates the EU Flood Directive.  

3.2     The Netherlands 

3.2.1     Policy 

 The Major Rivers policy states that the primary function of the major rivers is to 
discharge water to the sea. New activities in the unembanked areas may not impede 
the rivers’ discharge, as that would increase fl ood risks to the embanked areas 
(Ministry of Transport Public Works and Water Management  2006 ). The policy 
employs a fi ve-step approach to determine if new developments are allowed in the 
major rivers’ unembanked areas. In the fi rst four, it distinguishes between the type 
of activity and the place where it is executed. A division is made between areas hav-
ing a storage regime (which mainly store water during high fl ows) and a discharge 
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regime (areas through which the river discharges). The fi fth step lists a number of 
conditions that should be met.

    Step 1  allows for small, temporary activities and river management activities.  
   Step 2  allows for all types of activities in the storage regime areas.  
   Step 3  states that in areas with a discharge regime only river-related activities are 

allowed.  
   Step 4  allows for ( a ) activities that need to be realised in the unembanked areas, ( b ) 

activities for ground-based agriculture that are needed on compelling operational 
interests, ( c ) changes in functional use of existing buildings, and ( d ) activities 
that increase the volume that can be occupied by the river.  

   Step 5  states that all developments mentioned in the previous steps are only possible 
when they comply with the following conditions:

 –    The activities are situated in such a way that the safe functioning of the river 
and its fl ood defence systems is maintained.  

 –   There is no obstacle for increasing the rivers’ discharge capacity in the future.  
 –   The increase in water level or decrease in storage capacity should be 

minimised.  
 –   For activities taken under steps 2–4, the increase in water level and decrease 

in storage capacity should be compensated by measures to decrease water 
level and increase storage capacity.        

3.2.2     Legislation 

 The Major Rivers policy is enforced via the Dutch Spatial Planning Act and 
Regulations (Ministry of Infrastructure and the Environment  2011 ) and the Water 
Act (Ministry of Transport Public Works and Water Management  2009 ). The Spatial 
Planning Act states that municipalities should develop land use zoning plans 
(‘Bestemmingsplan’) every 10 years. In these plans they have to incorporate legal 
rules from higher tiers of government. By law, the land use zoning plans should 
always be fi nancially feasible. Municipalities can demand funding from construc-
tion companies for measures taken in the public space. They can, however, only 
demand funds for a limited set of measures, which is decided upon by the state. The 
list only includes more traditional measures. Municipalities can negotiate on a con-
tract for funding for other types of measures. 

 In the national Spatial Planning Regulations, extra rules and regulations are 
given that municipalities should follow when developing land use plans. It also 
protects national interests, like maintaining the discharge capacity of the major 
rivers. 

 The Water Act protects water courses and embankments. The state is, by law, 
responsible for water safety in the embanked areas. When a fl ood is declared a 
disaster, the state must compensate people for fl ood damage in the embanked areas. 
The state is not responsible for compensation in the unembanked areas, where the 
building owners take their own risk. After the main storm event of 1953, fl ood insur-
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ance was not available as the state had initiated works on the delta and hence  insurers 
concluded that the potential losses from a large fl ood were uninsurable. This also 
means that no fl ood insurance is available in the unembanked areas (Bouwer et al. 
 2007 ; Botzen and Van den Bergh  2008 ). 

 The national building codes contain norms for buildings, escape routes, strength 
of walls, etc. The building codes have a preemptive effect: other government layers 
cannot enforce norms that are stricter than the building codes’ norms.   

3.3     Provinces 

3.3.1     Policy 

 Each of the 12 provinces is allowed to develop their own spatial and water policies 
within the framework of national policies. This has resulted in different approaches 
to fl ood management in unembanked areas. The province of Flevoland has, for 
instance, designated embankments in unembanked areas; the water board will have 
to maintain the current safety level. The province of Overijssel focuses on fl ood 
safety in the embanked areas, and ensures that fl ood risks are taken into account in 
land use zoning plans (Neuvel et al.  2011 ). In Utrecht, new developments have to 
meet the safety level of 1 in 4,000 year fl oods. The province of South-Holland, 
which includes our Rotterdam case study, has recently developed a new instrument 
to guide development of the unembanked areas. This so-called ‘risk method’ 
(Huizinga et al.  2011 ) takes a fl ood risk instead of a fl ood probability 3  approach. 
With a GIS-based model, municipalities can check the effect of spatial plans on the 
expected number of casualties and social disruption. The target levels can be met via 
various methods such as elevating, evacuation plans, or fl ood-proofi ng. The risk 
method will be implemented in 2013. Although municipalities are urged to use it, it 
is a voluntarily tool. It seems it should increase the awareness of fl ood risks among 
municipalities.  

3.3.2     Legislation 

 The provinces not only develop policy documents, but also enforce the most impor-
tant aspects via spatial planning rules. The province of South-Holland has no spe-
cifi c rules for unembanked areas. The risk method it is not enforced via the province’s 
spatial planning rules because several assumptions behind it are not yet scientifi -
cally proven.   

3   Flood probability only looks at the chance of water levels becoming higher than the embank-
ments, thus causing a fl ood. Flood risk also takes the  consequences  of a fl ood into account (that is, 
fl ood risk = probability × consequences). 
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3.4     Municipality of Rotterdam 

3.4.1     Policies 

 In their spatial planning vision, the municipality of Rotterdam has planned several 
redevelopments of unembanked harbour areas into residential and commercial areas 
(Gemeente Rotterdam  2007 ). Most of the unembanked areas of Rotterdam are 
excluded from the ‘Main Rivers’ policy guidelines, making these new develop-
ments much easier. Rotterdam has put a lot of emphasis on becoming a ‘green’ city. 
It has for instance started the Rotterdam Climate Initiative (  http://www.rotterdam-
climateinitiative.nl/en    ) which promotes green roofs, fl oating buildings, and energy 
effi ciency. There are plans to build a small neighbourhood of fl oating houses in one 
of the old harbours (Gemeente Rotterdam et al.  2007 ).  

3.4.2     Legislation 

 For new developments a new land use zoning plan needs to be made. These land use 
zoning plans are legally binding. They show which land use is allowed in which 
place, but it cannot be used to enforce changes. It can only contain spatially relevant 
measures which, by law, need to demonstrate ‘good spatial planning’. 

 Since land use zoning plans allow desired changes, if a municipality wants to 
make commercial activities possible, they can re-zone an area and designate it as 
commercial. When the current function is different, e.g. residential, the owner can 
still maintain that function and nothing will change. It is however not possible to 
start an industry or any function other than commercial if the current owner of the 
residential building leaves. Enlargement of the current function becomes diffi cult. 

 In order to demonstrate good spatial planning, it is sometimes necessary to 
demand that extra measures be taken. Jurisprudence shows at least one case in 
which a plan was expunged because fl ood risk in an unembanked area was not taken 
into account (for instance, by elevating ground level). It is, however, not possible for 
municipalities to enforce building codes that have stricter norms than the national 
building codes. 

 Requests for new developments, or large redevelopment of current buildings, will 
always be evaluated against the current land use zoning plan. If the plan allows for the 
new development, the municipality has no right to refuse the building permit. Of 
course, the building plans should also fi t other legislation such as the national building 
codes and the water legislation (‘keur’) administered by the water board (see below). 

 Normally, the municipality of Rotterdam asks the national water services 
(‘Rijkswaterstaat’) for a minimum ground level for new developments in unem-
banked areas. This works well on new land that can easily be elevated using sand, 
but problems arise in existing built up areas. For these areas it is diffi cult for munici-
palities to enforce the use of adaptive building techniques, such as fl ood proofi ng, as 
they are not allowed to enforce stricter building norms than those in the national 
building code.   
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3.5     Water Boards 

3.5.1     Policies 

 Water boards are a separate government layer in charge of water management: they 
maintain most embankments and the watercourses within the primary embank-
ments. The management of the major rivers and part of the primary embankments 
are managed by the state water services (Rijkswaterstaat). To increase the attention 
on water management in the spatial planning process, water boards must be con-
sulted during the development of land use zoning plans. As the water boards are 
responsible for embanked areas, they are often less concerned with water safety 
issues in unembanked areas.  

3.5.2     Legislation 

 Water boards develop rules and regulations which can be found in the ‘keur’. The 
‘keur’ describes what activities are allowed in and near watercourses and on or near 
embankments. In principle, no buildings are allowed on or near embankments.    

4     Implications of Policies and Laws on Adaptive Flood 
Management 

 From a study of the literature it became clear that policies, laws, and regulations do 
not forbid the use of adaptive measures. At the same time, regulations sometimes 
hinder government  enforcement  of some of these measures. Also, there are few or 
no policies or regulations to promote adaptive measures in unembanked areas, 
except for the more or less traditional ground level elevation. 

 The national ‘Major Rivers’ policy discourages new developments in most 
unembanked areas, but Rotterdam’s unembanked areas are excluded. The province 
of South Holland has issued a ‘risk method’ which also takes adaptive approaches 
into account. The effect of this policy is not yet apparent, as it is still being tested. 
In principle, it can bring to light the implications of other adaptive measures on 
casualties and social disruption, which could increase the use of these adaptive mea-
sures. Rotterdam has a stated desire to use more innovative adaptive fl ood measures, 
but, except for a fl oating pavilion, this has not yet been implemented in practice. 
There is thus some enthusiasm to look beyond current practices, but this has not led 
to real action. 

 A problem for the implementation of new building codes and fl ood zoning is that 
land use plans are mainly effective for fl ood zoning in new areas. Up until now, 
there has been relatively little attention given to fl ooding in land use zoning plans. 
The main fl ood-proofi ng strategy was to elevate ground levels. Enforcing a mini-
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mum ground elevation via the land use plan can only be done for new developments, 
and only if it is clearly shown that the new development will not demonstrate good 
spatial planning. Otherwise it is possible that an agreement could be made with the 
construction company. Once again, it is diffi cult to enforce adaptive building tech-
niques like dry-proofi ng, as municipalities are not allowed to demand stricter norms 
than those in the national building codes. 

 During a series of workshops and interviews following the literature study, a 
number of additional problems became clear. The discussions showed that although 
several actors had a good knowledge of adaptive measures, they hardly ever used 
them. In Rotterdam, only elevation of ground level is widely used, mainly because 
the municipality asks developers to do so. A number of reasons can be found for 
why adaptive measures are little used. 

4.1     Little Experience 

 Because most adaptive measures are little used in the Netherlands, there is little 
experience with them and how they play out in the Dutch environment. This forms 
a barrier for construction companies to apply them, especially in uncertain eco-
nomic circumstances. A representative of a construction company explained in a 
workshop that they compared dry-proofi ng techniques with elevation of the ground 
fl oor level for a new building that they were about to build. Both methods cost more 
or less the same, but because there was more uncertainty about dry-proofi ng they 
chose elevating the ground fl oor level.  

4.2     Little Reason for Adaptive Building 

 In the Netherlands, there is relatively little need for adaptive measures, as the 
embanked areas have a very high safety level and most inhabited unembanked areas 
have been elevated in the past, often to a quite high safety level (>1 in 100 years). 

 Water and fl ood management issues only play a moderate role in spatial planning 
and other interests often seem to have priority. As municipalities have little right to 
withhold a permit for developments that fi t the land use zoning plan, there is often 
no need for a developer to use adaptive building techniques. Moreover, some adap-
tive measures have negative consequences for the safety of the neighbourhood; for 
example, if ground fl oors are not used for housing, there is less social control on the 
streets and the crime rate might rise. The same goes for buildings built on poles, 
which have the added disadvantage that homeless people prefer to sleep below these 
buildings as it protects them from the rain. This was an issue that was raised by 
several participants in workshops and questionnaires. 

 Inhabitants and property owners have little or no experience with fl ooding, which 
could otherwise function as a pressure for more adaptive measures. It has been 
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shown (Bubeck et al.  2012a ,  b ) that owners only start to take action after one or two 
fl ood events. So perhaps with sea level rise, inhabitants will experience more fl ood 
events and start to take more measures, as is already the case in some of the very low 
unembanked areas that fl ood regularly.  

4.3     Laws and Regulations Are Unclear 

 As there is relatively little experience with adaptive measures, the laws and regula-
tions are often not clear on their use and impact. Land use zoning plans, for instance, 
should show good spatial planning by law, but it is not clear if that includes fl ood 
zoning. Most likely, fl ood zoning in new areas will not prove problematic, but it is 
much harder in existing areas where sensitive functions like day care, homes for the 
elderly, and industries are situated in fl ood-prone areas. After all, a land use zoning 
plan can only steer new developments, not change current functions. Removing cur-
rent functions is only possible if the current owners are willing to move. Only for 
very urgent and important causes –those needed to serve the general public inter-
est – can the government force them to move. Most likely a chance of fl ood damage 
will not qualify as such.  

4.4     Most Adaptive Measures Cannot Be Enforced 

 It is diffi cult for municipalities to enforce adaptive measures, as permits can only be 
denied when they do not meet land use zoning plans or national building codes. 
Land use zoning plans can only contain spatially relevant rules, and there is no 
option to ask for higher safety norms than those in the national building codes. 
There is, therefore, no way of enforcing dry- or wet-proofi ng of buildings. Any 
contract that forces developers to dry- or wet-proof is illegal. The only possibility is 
to get a voluntarily agreement with the developer, or give subsidies to stimulate the 
use of adaptive building measures. 

 Spatial relevance is important for enforcing additional measures for new devel-
opments via land use zoning plans. The ‘risk method’ of the province of South 
Holland can demonstrate this spatial relevance by showing that adaptive measures 
are important for reducing risk, which makes it more likely that they could be 
enforced via land use zoning plans. Dry- and wet-proofi ng, however, will only 
become possible when the national building codes allow for it. Wet-proofi ng is 
likely to remain too diffi cult to enforce, as it would require offi cials to enter the 
buildings to see if wet-proofi ng measures are in place. This seems to be too much of 
a breach of privacy. 

 As it is diffi cult to enforce adaptive measures on buildings, a municipality could 
take measures in public spaces, like temporary embankments. They can, however, 
only implement such measures if their budget allows it. In case of new develop-
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ments they can use part of the developer’s profi t margin, if the measures ensure that 
the developers will make a profi t. For example, the developers of the large ‘Zuid as’ 
business district in Amsterdam pay for water retention areas elsewhere in Amsterdam 
because there is no room for water retention in the business district, although it is 
required by law. However, the money can only be used for a limited number of 
measures, which does not include adaptive fl ood management. 

 Furthermore, some measures might also meet opposition among society. This 
makes it harder to enforce them via, for instance, spatial plans, which are subject to 
a participatory process.  

4.5     No Clear Safety Norms and Responsibilities 
for Compensation 

 Another issue is the lack of clear norms or guidelines that can be used for testing 
adaptive measures. As there is still little knowledge available on the effectiveness of 
adaptive measures, it is diffi cult to satisfy the requirements of a building permit by 
means of adaptive measures. 

 Finally, it is not clear who is accountable for damage compensation in unem-
banked areas. The state has clearly said that they will not pay for fl ood damage, but 
for municipalities and provinces it is not clear if they can or cannot be held respon-
sible. If they can be held responsible, it is an incentive for them to fi nance adaptive 
measures for current buildings and to become much more cautious about allowing 
new developments. For new developments, they would also have more reason to 
take extra measures. As the fi nancial plan should be sound, they could demand an 
extra sum from the developer’s profi ts. Municipalities can, however, only demand 
funds for a limited set of measures, which is decided upon by the state. The list only 
includes more traditional measures. Municipalities can negotiate on a contract for 
funding for other types of measures.   

5     Recommendations and Conclusions 

 In this chapter we have presented several adaptive fl ood management measures that 
can be used to lower fl ood damage in the unembanked areas of Rotterdam. They are 
already used incidentally in some places in the Netherlands, but their use is ham-
pered by current policies, laws, and regulations, as well as a lack of experience. 
Policies are slowly starting to change from a ‘fl ood probability’ approach to a more 
‘fl ood risk’ based approach. The laws and regulations, however, are still very much 
tailored to structural fl ood defences in the form of levees and dykes. This makes it 
diffi cult to implement adaptive measures, which in turn decreases the support for 
these measures among major stakeholders. The government could opt for enforcing 
changes, but this is not always possible due to the current legal framework. 
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Municipalities can try to enforce adaptive measures via land use zoning plans. 
Currently it is not clear how much could be enforced this way as it has not been 
done before. By making such efforts, new jurisprudence will become available that 
will provide more clarity. The state could help by incorporating dry-proofi ng tech-
niques into specifi c ‘unembanked areas’-section of the national building codes. 

 One might expect that the national policy of not compensating fl ood damage in 
unembanked areas would have led to widespread use of adaptive measures. As we 
have seen, this is not the case. One reason is that most parts of the unembanked areas 
do not fl ood very often. Most of the time only quays are fl ooded and houses are unaf-
fected. Another important reason for neglecting fl ood risk might be that there has 
been little or no communication to residents in unembanked areas about fl ood risks. 
In fact, in most areas little communication is the norm: research shows that more than 
half the populations in unembanked areas do not know if they are living inside or 
outside the dykes (de Boer et al.  2012 ). Municipalities could stimulate adaptive fl ood 
measures by communicating risks and providing subsidies for adaptive measures, but 
some municipalities are hesitant to do so as they are afraid that companies and more 
affl uent people might leave the area. A good example of how fl ood risks can be com-
municated is given by the city of Dordrecht, where demountable barriers are tested 
yearly, keeping inhabitants aware of the fl ood risk and reminding them of the func-
tion of barriers and slots (Zevenbergen et al.  2008 ). A well designed participatory 
process could assist in communicating risks while also allowing for discussion of 
solutions. Both in spatial planning (Healy  1997 ; Van Assche et al.  2010 ; Mannigel 
 2008 ), as well as in water management (Kok and van Vliet  2011 ; Mouratiadou and 
Moran  2007 ; Raadgever and Mostert  2005 ), a lot of attention has been put on partici-
patory processes. Participatory processes can lead to social learning and can aid in 
paradigm change (Pahl-Wostl  2007 ; van Herk et al.  2011 ). Moreover, participatory 
processes are widely acknowledged as important components of adaptive manage-
ment (Folke et al.  2005 ; Pahl-Wostl et al.  2007 ; Vervoort et al.  2010 ). Hopefully, they 
can lead to a paradigm change among all important stakeholders, which would make 
the implementation of measures a lot easier. 

 Although there still are several problems and barriers to be solved, there are also 
positive trends:

 –    In the Netherlands increasing attention is being given to fl ood measures other 
than embankments. Recently, more attention is being given to the area behind the 
dykes. A ‘three layer’ approach is studied in which the fi rst layer is formed by 
prevention (structural methods). The second layer is formed by smart spatial 
planning and building codes in the embanked areas, reducing the impact when a 
fl ood occurs. The third layer is formed by evacuation and preparedness  strategies, 
which are mainly focused on minimising casualties. The layered approach is, 
however, not yet implemented in regulations.  

 –   A consortium of construction companies has developed a set of norms for fl oat-
ing buildings, based on the national building codes. This could be a fi rst step for 
including fl oating buildings in national building codes.  

 –   In 2012, new national building codes came into force. They open up the possibil-
ity of demanding reinforced walls in buildings to be built near railroads used for 
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the transport of hazardous goods. This provides hope that a similar option is pos-
sible for dry-proofi ng norms in unembanked areas.  

 –   There is growing experience with fl oating buildings (e.g. IJburg in Amsterdam 
and plans in Rotterdam).  

 –   There is an increasing level of experience with adaptive building (e.g. Hamburg, 
Stadswerven in Dordrecht). Several research projects have worked on adaptive 
fl ood management for the Netherlands (e.g. climate change, spatial planning, 
and urban fl ood management).    

 This chapter has looked at a wide range of adaptive fl ood measures and how they 
are affected by Dutch policies, laws, and regulations. It is clear that several adaptive 
measures, like dry-proofi ng and fl ood zoning, are diffi cult to enforce, especially in 
existing urban areas. Due to the way spatial planning is organised in the Netherlands, 
it is easier to enforce these measures for new developments. Because of the inte-
grated nature of adaptive fl ood management, the options are also affected by factors 
other than fl ood risk, policies, and laws. Aspects like spatial quality and social 
safety also play a role in spatial planning. To achieve a more adaptive fl ood manage-
ment, a paradigm change is needed among spatial planners, water managers, and 
policy makers at the different government levels involved, as well as among major 
stakeholders. Better communication of fl ood risks, and subsidies for adaptive mea-
sures, might also help implementation.     
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     Chapter 26   
 Transboundary Urban Water: 
The Case of Singapore and Malaysia 

             Yue     Choong     Kog    

1            Introduction 

 The Southeast Asian environmental crisis has long been a matter of concern within 
the region. Decades of rapid industrialisation and urbanisation, together with a lack 
of effective environmental management programs, have led to widespread environ-
mental degradation. This is only partially refl ected by the deforestation, water qual-
ity, and fl ood problems that have beset many Southeast Asian countries. Water 
quality standards have deteriorated at a speed which matches the high economic 
growth rates that have, at least until recently, been recorded. Most countries have, in 
the absence of adequate treatment and disposal infrastructure, been grappling with 
how to clean up major rivers that have been despoiled by industries and households 
using them as waste dumps. In particular, according to DOE ( 2007 ,  2009a ), many 
Malaysian rivers are badly polluted because of inadequate enforcement of environ-
mental laws and standards. River systems have also been increasingly subjected to 
uncontrolled logging and land development. At the same time, water demand in 
Malaysia has increased substantially because of population growth and improved 
lifestyles associated with sustained economic growth over the past few decades. 

 Environmental studies show that cities have ecological footprints that are many 
times the sizes of their territories. For example, it requires resources from an area 
many times the size of Singapore to produce food, water, energy, and other resources 
needed to sustain the country’s people and economy. Whereas the ownership and 
management of natural resources continues to remain a strictly national concern, 
over time there will be an increased need for trade and sharing of resources among 
the nation-states of Southeast Asia. With diminishing supplies of resources and 
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contest over them for even domestic needs, tensions are likely to grow, not only 
within countries but also at the regional level. The banning of rice exports by 
Vietnam and Cambodia in 2008 to ensure local food security and to boost the value 
of the grain is a refl ection of such tensions (Damazo  2008 ). 

 The need for water is ubiquitous. It is needed for industry, for agriculture, and by 
every living being. It is possible to work on alternative and renewable energy 
resources when there is an energy crisis, but when it comes to a water crisis, there is 
no alternative. There are already signs of impending water crises in a number of 
countries. If water is only needed for public health and hygiene, scarcity is rarely a 
problem, but it is unusual for demand to be confi ned to such a base level. Apart from 
human use, water is also needed to sustain the natural ecosystems found in wet-
lands, rivers, and the coastal waters into which they fl ow. In addition, water is 
needed for agriculture, industry, and economic development. Consequently, water 
can easily become a scare resource, especially in droughts and especially when 
gross water consumption continues to steadily increase as a result of population 
growth, urbanisation, and economic development. 

 Spatial and temporal variations in precipitation conspire to make water physi-
cally scarce in particular areas and at certain periods of time. Scarcity can be treated 
as an economic issue, involving an imbalance between available supplies and 
demands. Economics involves the analysis of the production, distribution, and con-
sumption of goods and services, and so the tools of the discipline can be applied to 
the problem of managing scare resources between alternative uses. When invest-
ment in the supply of water lags behind demand, water scarcity is a certainty. Water 
scarcity is an interplay between the natural supply and demand for water. And of 
course demand can be affected by the pricing policy of supply agencies. 

 Many believe that water will be to the twenty-fi rst century what oil was to the 
twentieth: a precious commodity that determines the wealth of nations. Some also 
believe that how a country handles its water problem could spell the difference 
between greatness and decline. The nations that keep their waterworks in top work-
ing order and operate them at the lowest cost will have a competitive edge in an 
increasingly competitive globalised world (Tully  2000 ). 

 This paper considers the case of transboundary sharing of water supplies between 
Singapore and Malaysia where both countries share water resources even though 
they do not share the same water basin. Singapore has to buy water to meet its 
domestic and economic needs. These supplies have to be considered in the context 
of increasingly polluted sources in Malaysia. Given Singapore’s rising demand for 
water and the diffi culties encountered by Malaysian authorities in meeting the coun-
try’s own needs, supplies to the city-state are, judging from past incidents, likely to 
meet increasing local opposition (Kog  2002 ). This has previously occurred when 
bilateral relations experienced problems or when there were dry spells in Malaysia 
and domestic water shortages and rationing occurred. In the 1990s, attempts by 
Singapore to negotiate a new water agreement for water supply beyond 2061 were 
rejected by the Malaysian government led by Dr Mahathir, the then Prime Minister. 
This led Singapore to aggressively pursue other sources of supply to achieve 
water self-suffi ciency. To meet its water demands Singapore has embarked on the 
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production of ‘NEWater’, and on the desalination of seawater. ‘NEWater’ is the 
brand name given to reclaimed water from treated sewerage effl uent produced by 
the Public Utilities Board (PUB).  

2     Malaysian Water Resources 

 In order to better understand the issues involved, it is necessary to appreciate the 
problems faced by Malaysia with respect to its water sources. Of particular interest 
are the rivers in the state of Johor that Singapore relies upon for its imported water. 

 Malaysia is blessed with abundant water resources. The east coast of Peninsular 
Malaysia generally has a much higher rainfall than the west coast. However, water 
demand in the west is higher and has increased more rapidly as a result of faster 
economic development (Camerlengo et al.  1996 ). There is therefore a spatial mis-
match of resources and demand, even though water resources as a whole are suffi -
cient to meet all foreseeable requirements. The heavy rainfall that occurs almost all 
year round has produced a dense network of rivers and streams. The rivers are gen-
erally short and extremely swift in the upper reaches and have a higher load of silt 
in the lower reaches. The rainfall pattern ensures perennial fl ow, but the rain usually 
arrives in cloud bursts over a short period. This means that much of the water 
resources cannot be captured for useful purposes unless dams are constructed to 
regulate the fl ow. 

 It is generally recognised that the river basin is the appropriate economic and 
jurisdictional area for water resource development because within such a geo-
graphical and hydrological unit it is easier to gauge economies of scale and to 
assess the impact of water resource projects and programs in terms of the quantity, 
quality, and timing of fl ows. In Malaysia, the state governments have almost abso-
lute rights over all surface water. Malaysia fi nds itself with a plethora of sector-
based water laws, both at federal and state levels, and lacks a comprehensive water 
law. At present, water legislation is contained within laws that are enforced by vari-
ous water-related government agencies. Many of these laws could be interpreted as 
outdated, ambiguous, or in need of revision (Le and Facon  2001 ). This diverse 
water legislation is diffi cult to effectively enforce because it deals only with aspects 
of water resources and water supply directly related to the responsibilities of 
particular government agencies. 

 Because of the divided responsibilities between state and federal authorities for 
water resources and supply, cooperation between agencies in order to deal with 
water issues, obtain supporting facts and fi gures, or develop policies can be slow 
and time consuming. There is no single agency in the country entrusted with the 
overall responsibility for holistic planning and management of water. Confl icts in 
water resources management, such as allocation of water rights, fl ood management, 
pollution control, and environmental protection, are resolved through inter-agency 
coordination and consultation. This implies the need for cooperation between 
water- related agencies (such as state water authorities) and for coordination at all 
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levels of government, since river basins seldom conform to political and administrative 
boundaries. Resource use is likely to be suboptimal when existing water laws 
obstruct the transfer of water between areas and uses, or they hinder the relocation 
of supplies in order to integrate water quantity and quality control, or to coordinate 
the management and conjunctive use of surface water. 

 At the federal level, the National Water Council (in 1992) and the National Water 
Resources Council (in 1999) were established to pursue more effective water man-
agement, including the implementation of interstate water transfers. As a result, 
many water supply systems in Malaysia are now inter-connected. For example, 
Negeri Sembilan has been supplying water to Melaka and Kedah to Pulau Pinang 
(see Fig.  26.1 ). Another issue that needs serious consideration is more attention to 
control of demand and the promotion of water use effi ciency. According to the 
President of the Malaysian Water Association, Ahmad Zahdi Jamil, in 2009 the 
average non-revenue water across the states stood at 36.6 %, with Pahang being the 
highest at 59.9 % and Selangor the lowest at 19 % (The Star  2011 ).  

 The river systems in Malaysia have increasingly been subjected to instability due 
largely to siltation brought about by uncontrolled logging and land development 
(DOE  2007 ,  2009a ). Some of the rivers have become tourist attractions and this 
has prompted the construction of hotels and resorts. As a result, many of the forests 

  Fig. 26.1    States of Peninsular Malaysia       
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surrounding the river areas have been cleared. The surrounding soil erodes when 
rains come and the rivers become turbid, affecting aquatic life. Siltation of these 
rivers has also adversely affected water treatment operations (DOE  2007 ,  2009a ). 

 Because Singapore relies on rivers in Johor, pollution in these rivers affects the 
water supply to the country. For example, the Skudai water treatment works had to 
be closed down in 1991 while pollution problems in the catchment were being 
resolved (Kog  2002 ). River water quality appraisal is based on a water quality index 
(WQI) consisting of six parameters: biochemical oxygen demand, chemical oxygen 
demand, ammoniacal nitrogen, dissolved oxygen, suspended solids, and pH. Water 
quality data collected from monitored rivers are compared with the WQI and the 
Interim National Water Quality Standards for Malaysia to determine their status: 
clean, slightly polluted, or polluted, and to classify them accordingly as Class I, II, 
III, IV, or V, which is an annual rating system. 

 According to the Department of Environment’s (DOE) Malaysian River Basins 
Water Quality Trend (1990–2003) (DOE  2007 ), there were nine river basins catego-
rised as polluted in 2003 compared to 14 in 2002. The polluted river basins are Juru 
and Pinang in Penang, Buloh and Klang in Selangor, and Air Baloi, Segget, Kempas, 
Danga, and Tukang Batu in Johor. The river basins in Johor constituted the bulk of 
polluted river basins. The fi ve polluted river basins in Johor in 2003 are also listed 
as polluted in the DOE’s list of 2002. Stations located upstream were generally 
clean, while those downstream were either slightly polluted or polluted. A major 
factor for river pollution is sewage. According to the environmental regulations, all 
waste water from toilets and kitchens should go into a septic tank or directly to a 
central sewage treatment system. To ensure that a septic tank is working, the owner 
is required to desludge the septic tank at least once every 2 years, but this does not 
appear to be happening. The evaluation of Sungai 1  (Sg) Segget in Johor showed that 
in terms of pollution load, sewage contributed 68.5 % of the pollution load in the 
river. The other 31.5 % came from restaurants and food courts. The state capital, 
Johor Bahru, is relatively old and not all of its wastewater goes into the sewage 
system. Johor Bahru is also a growth area and there is a correlation between the 
level of river pollution and development (DOE  2007 ). 

 In 2008, the majority of rivers (14 out of 21) in the Iskandar Malaysia Region 
were within Class III, indicating moderate levels of pollution, while fi ve rivers 
(Pandan, Plentong, Sebulung, Sengkuang, and Tampoi) in the Tebrau catchment 
were in the more polluted Class IV. Iskandar Malaysia is located just north of 
Singapore. One river in the Pasir Gudang catchment remained in Class V, indicating 
severe river water pollution most likely caused by industrial and development activ-
ities. According to the Environmental Quality Report 2008 (DOE  2009a ), 4 out of 
the 7 most polluted river basins in Peninsular Malaysia were located in the Johor 
Bahru area. The four polluted river basins were Sg Danga, Sg Segget, Sg Tebrau, 
and Sg Pasir Gudang. In 2009, most of the rivers (12 out of 21) scored a slightly 
polluted level of Class II or III. The most contaminated river basins were Segget, 
Pasir Gudang, Tebrau, and Air Baloi. Endau, Sedili Besar, Johor, and Mersing river 

1   Sungai means ‘river’ in Malay. 
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basins were classifi ed as Class II and were deemed to be clean. River water quality 
in Mersing and Kota Tinggi had the highest WQI value and was the cleanest in 
Malaysia. Muar with a value of 0.91 was third, followed by Segamat and Batu Pahat 
with 0.86 and 0.77 respectively. The Johor Bahru area had the lowest WQI value of 
0. This was because rivers in Johor Bahru area, especially Sg Segget and Sg Skudai 
were contaminated (DOE  2009b ). 

 It is apparent from the above that there was no signifi cant improvement to the 
general conditions of polluted river basins from 2003 to 2009. Water pollution adds 
enormously to existing problems of local and regional water scarcity by removing 
large volumes of water from the available supply. According to the Water 
Sustainability Index, the availability and usage of water in Malaysia showed a drop 
from 64 % in 1992 to 33 % in 2002, refl ecting the fact that Malaysia’s water 
resources were being rapidly depleted and requiring improved management 
(The Star  2011 ).  

3     Water Dispute Between Singapore and Malaysia 

 Singapore has depended on Johor to meet the country’s water needs since 1929; 
currently, about 40 % of its water needs are met by water drawn from rivers in Johor. 
Supply of water from Johor to Singapore became a security issue when Singapore 
was separated from the Federation of Malaysia on 9 August 1965. Since then rela-
tions between the two countries have been marked by alternating periods of tension 
and normalcy. Acrimonious disputes over communal questions – such as Malay 
hegemony in Malaysia 2  in 1963–1965 – have left both sides with a lingering bitter 
aftertaste (Kog and Ooi  2007 ). 

 The Malaysian government guaranteed Singapore’s water supply in a Separation 
Agreement deposited with the United Nations. Archival records show that, in 1965, 
the then Malaysian Prime Minister, Tunku Abdul Rahman, told Anthony Head, the 
British High Commissioner in Kuala Lumpur, that “if Singapore’s foreign policy 
was prejudicial to Malaysia’s interest, they could always bring pressure to bear on 
them by threatening to turn off the water in Johor”. 3  Such an idea reappeared in 
1986 and 1998 when, in attempts to further their policy objectives or protest against 
perceived slights, some Malaysians called for a review of water links with Singapore. 
The 1986 episode occurred when Israeli President, Chaim Herzog, was visiting 
Singapore. The visit sparked off angry protests from anti-Zionist Malaysian activ-
ists in Johor who criticised Singapore’s perceived irreverent attitude toward the reli-
gious and political sensitivities of its predominantly Muslim neighbour. Verbal 

2   During 1963–1965, when Singapore was part of Malaysia, there was political competition 
between rival politicians from the People’s Action Party, United Malays National Organisation, 
and the Malayan Chinese Association. 
3   A copy of Anthony Head’s confi dential telegram (no. 1344) from Kuala Lumpur to the 
Commonwealth Relations Offi ce on 9 August 1965 is in the National Archives of Australia. 
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attacks launched by the youth wing of the ruling United Malays National 
Organisation fi lled the air with corybantic calls for the Malaysian government to 
terminate the water supply to Singapore. The issue threatened to boil over when 
crowds apparently moved to forcibly occupy the Singapore-run waterworks in Johor 
and disrupt the water supply (Huxley  2000 ). 

 The second incident occurred in 1998 at a political rally in Johor Bahru when the 
then Malaysian Prime Minister, Mahathir Mohamad, criticised Singapore’s decision 
to relocate Malaysia’s railway station and its Customs, Immigration and Quarantine 
(CIQ) outpost in the south of Singapore to Woodlands in the north of Singapore. 
This roused the rally attendees to call for Malaysia to terminate the water links. The 
water supply from Johor to Singapore was being used as leverage to force the 
Singapore government to modify its policies (Leifer  2000 ). 

 Lee Kuan Yew told Mahathir that Singapore feared that at some time or other – 
whenever there were differences between Singapore and Malaysia – there could be 
“a random act of madness” like cutting off Johor’s water supplies, an action which 
some in Malaysia had publicly threatened. In that case, the Singapore Armed Forces 
would have to move into Johor, forcibly if need be, to restore the water supply if 
water shortages became urgent (Lee  2000 ). Some observers believed it was possible 
that disputes over water supply, if inappropriately handled, could boil over and even 
ignite armed hostilities between Singapore and Malaysia. 

 In August 2011, the 1961 Johor River Water Agreement expired, and the 1962 
Agreement will expire in 2061. Singapore offi cials have met their Malaysian coun-
terparts to discuss a new 100 years water agreement after 2061. Singapore offi cials 
have requested 350 million gallons a day (1.59 million m 3 /d) of raw water and 
400 mgd (1.82 million m 3 /d) of treated water to be supplied by Johor and Pahang, 
another state above Johor, to meet its projected demand of 950 mgd (4.32 million 
m 3 /d) for a population of seven million. This request for water beyond 2061 was, 
however, contingent on Malaysia satisfying its own needs fi rst. Malaysian offi cials 
were prepared to supply Singapore the same volume of 350 mgd (1.59 million m 3 /d) 
and asked Singapore to source water elsewhere, such as in Indonesia, or build desal-
ination plants to meet additional water demands. Malaysia could not commit itself 
to such a quantum in view of the uncertainty of its own situation in the future and 
Pahang’s resources were planned for inter-state water transfer following the 1998 
water crisis in the Klang Valley (Singh and Zulfakarin  1999 ). 

 Since the early 1990s Singapore has been seriously exploring the possibility of 
sourcing alternative water supplies from the Indonesian Riau islands. In late 
November 2000, after an ASEAN Heads of Government meeting, the Indonesian 
President, Abdurrahman Wahid, revealed at a closed-door meeting at the Indonesian 
embassy in Singapore that he had suggested to Mahathir that Indonesia and Malaysia 
jointly withhold water supply to Singapore to teach it a lesson (The Straits Times 
 2000 ). This may well have left an indelible mark on the Singaporean psyche. The 
fact that the lack of water was a key factor that hastened the fall of Singapore to the 
Japanese serves as a painful reminder of how crucial water supply is to the security 
of Singapore (Simson  1970 ). 
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 What makes water a particularly emotive issue among the Malaysian states is 
that some states suffer from chronic water shortages while others enjoy water sur-
pluses. In March 1990, water rationing was imposed in the northern regions of 
Johor while water fl owed from reservoirs in Johor managed by the PUB to Singapore 
(The Straits Times  1990 ). Malacca faced a water crisis in 1991 with water rationing 
being imposed throughout the state. Malaysians living in Malacca were incensed 
that, while they had to endure the inconvenience of water rationing, water continued 
to fl ow across to Singapore. Eventually, the National Water Council was set up to 
allow for sharing of water resources between various states (The Straits Times 
 1992 ). Future water talks between Singapore and Malaysia will only be held closer 
to the expiry period of the two agreements (Pereira  1998 ). 

 Singapore continues to partly rely on water resources in Malaysia to meet the 
country’s water needs. International law does not allow Singapore to directly inter-
vene in the management of catchments in Malaysia. Water quality is a matter con-
trolled by the environment policies and enforcement practices of the territory in 
which the water catchments are located. Therefore, pollution control in these catch-
ments is a regional concern and requires skilful diplomatic handling of pollution 
problems while recognising sovereignty over the territory. 

 Many countries throughout the world share water resources with their neigh-
bours because rivers and ground water basins transcend national boundaries. 
Neighbouring countries of the water resource have a natural ‘right’ to the shared 
resource. Such rights are recognised in international law and form the basis for 
countries to negotiate should disputes on the use of a shared water resource arise. 
The Singapore and Malaysia situation is unique in that the water resources in 
Malaysia are being shared with Singapore even though Singapore does not share 
river or ground water basins with Malaysia (Kog  2002 ). 

 The most recent widely publicised political negotiations between the two coun-
tries on the water supply issue took place between 1998 and 2003. A framework 
agreement was signed in September 2001, after Singapore agreed to make some 
major concessions. Among the agreed terms were a higher price for the water 
Malaysia supplies to Singapore, a compromised location for CIQ, and permission 
for Singapore’s air force to resume its use of Johor’s airspace. The agreement also 
stipulated a new bridge and tunnel to be built, replacing the existing causeway. In 
January 2002, Mahathir announced the intention for Malaysia to build the bridge 
itself because there was no agreement. Sharp rhetorical exchanges took place 
throughout that year. When talks resumed in September 2002, Mahathir sought to 
renegotiate several issues separately, despite the framework agreement signed a 
year earlier. Singapore apparently had no choice but contended that the price of 
water, among other issues, should be discussed within the framework’s larger 
context. 

 Moves by the Malaysian government have re-focused public attention on the 
water issue. There was media activity by the government and the publication of a 
booklet in 2003 entitled “Water: The Singapore–Malaysia Dispute – The Facts”. It 
resulted in January 2003 in the Singapore government taking the unprecedented 
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step of releasing into the public domain correspondence between the two countries 
on the negotiations (MICA  2003 ). 

 Not only is the water issue embroiled in Malaysia’s domestic politics but it has 
also been taken to the regional arena, so it is going to take some time and major 
efforts from both parties to work out a settlement. Fortunately, the second water 
agreement will only expire in 2061 and technologies to produce water are available 
to help Singapore meet the ever increasing demand for more water. The costs of 
such technologies will also become cheaper over time.  

4     Singapore Water Management Policies and Practices 

 Singapore is a small city-state of about 712 km 2 , with limited natural water resources 
of its own. It is densely populated with 5.08 million people according to the 2010 
census. Singapore is classifi ed by the United Nations as a water-scarce country 
(UNESCO  2006 ). Even though climate change may bring more rainfall in Singapore, 
it will remain water-scarce. The constraint faced by Singapore is its limited land 
area to catch and store rain, and the absence of natural ground water aquifers. 

 Singapore’s fi rst reservoir was the MacRitchie reservoir, which was built by the 
British in 1867. Subsequently, as Singapore developed into a modern city, more 
sources of water, including imported water from Johor, were needed to sustain the 
city’s growth. Singapore and Malaysia have signed four agreements for the supply 
of water from Johor to Singapore. The fi rst, signed in 1927, is no longer in force. 
The 1961 and 1962 agreements were signed between Malaysia and Singapore when 
Singapore was a self-governing state within the British Empire and Malaya was 
already an independent nation. The two water agreements signed between the Johor 
state government and Singapore’s City Council in 1961 and 1962 are collectively 
known as the Johor Water Agreements. The City Council is the predecessor of 
Singapore’s Public Utilities Board (PUB). Singapore paid for all the costs of reser-
voirs, dams, pipelines, plant, and equipment in Johor and Singapore continues to 
pay all the costs of operating and maintaining this infrastructure. The 1961 agree-
ment expired in August 2011 and, in accordance with the agreement, the complete 
water works has been handed over to the Johor state government. The 1962 and 
1990 agreements will expire in 2061. These agreements provide for Singapore to 
import raw water from Malaysia and, more specifi cally, for Singapore to draw up to 
350 mgd (1.59 million m 3 /d) as follows (MICA  2003 ):

    (a)     Sg Tebrau and Sg Scudai Water Agreement  The agreement was offi cially 
signed on 2 October 1961 but took effect on 1 September 1961. The 1927 agree-
ment was declared void in this document. The agreement gave Singapore the 
full and exclusive right to draw off all the water within the designated land at 
Gunong Pulai, Sg Tebrau, and Sg Scudai for a period of 50 years up until 2011. 
Singapore was to pay an annual rent of $5 per acre for the land and a charge of 
3 cents for every 1,000 gal (4.55 m 3 ) of water. Singapore also agreed to provide 
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Johor with a daily supply of treated water up to 12 % of the raw water it drew, 
subject to a minimum of four million gallons, and at a price of 50 cents per 
1,000 gal. If the 12 % provided by Singapore was insuffi cient, Johor could 
request for more treated water to be supplied.   

   (b)     Sg Johor Water Agreement  This gave Singapore the full and exclusive right 
to draw water from Sg Johor up to a maximum of 250 mgd (1.14 million m 3 /d). 
In return, Johor was entitled to a daily supply of treated water from Singapore 
up to 2 % of the raw water it supplied. Singapore had to pay rent for the land it 
used “at the standard rate applicable to building lots on town land”. The water 
prices remained the same as in the previous agreement. After Singapore and 
Malaysia stopped using a common currency, prices became denominated in 
Malaysian ringgit (RM).   

   (c)     Sg Linggui Water Agreement  This was signed on 24 November 1990 between 
the PUB of Singapore and the Johor state government. It was supplementary to 
the 1962 pact and also expires in 2061. A separate document was signed on the 
same day by the governments of Malaysia and Singapore to guarantee adher-
ence to the agreement. Under this agreement, Singapore was allowed to con-
struct a dam across Sg Linggui to facilitate the extraction of water from Johor 
River, with Johor setting aside about 21,600 ha of land for the project. Singapore 
agreed to pay RM320 million as compensation for the permanent loss of use of 
the land and its associated revenue, in addition to a premium of RM18,000 per 
ha and an annual rent of RM30 for every 1,000 ft 2  of land. The cost of building 
and maintaining the dam would be borne by Singapore. In return, Singapore 
could buy from Johor treated water generated by the new dam. This would be 
over and above the 250 mgd of raw water that it was allowed to draw from Sg 
Johor under the 1962 agreement. The price of this additional supply would be 
calculated based on a fi xed formula: the weighted average of Johor’s water tar-
iffs plus 50 % of the surplus from the sale of this water by PUB to its consumers 
(after deducting Johor’s price and PUB’s cost of distribution), or 115 % of the 
weighted average of Johor’s water tariffs, whichever was higher. This agree-
ment was a follow-up to the memorandum of understanding (MOU) signed on 
28 June 1988 between the two countries’ prime ministers at the time, Lee Kuan 
Yew for Singapore and Mahathir Mohamad for Malaysia. The signing of the 
MOU was hailed as a breakthrough in Singapore–Malaysia water relations, the 
culmination of 6 years of diffi cult negotiations (Chew  2009 ).    

  The 1961 and 1962 agreements were guaranteed by the Malaysian government 
in the Separation Agreement that established Singapore as a sovereign state in 1965, 
and were enacted into the Malaysian Constitution by an Act of Parliament (MICA 
 2003 ). Under the 1961 and 1962 Water Agreements, Singapore pays the Johor state 
government 3 cents (RM0.03) for every 1,000 gal (4.55 m 3 ) of raw water. It costs 
Singapore RM2.40 to treat every 1,000 gal of water. By selling treated water to 
Johor at only 50 cents (RM0.50), Singapore absorbs a subsidy of RM1.90 per 
1,000 gal of water (MICA  2003 ). The Singapore government claims that Singapore 
is subsidising Johor to the tune of RM29 million a year by selling it treated water at 
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a reduced rate. It also noted that Johor is voluntarily buying an average of 37 million 
gallons of treated water per day from Singapore, more than double the amount of 15 
million gallons of water that it has a right to (Sunday Times  1998 ). 

 Both Water Agreements contain a provision that allows for a review of water 
prices in 25 years’ time, and arbitration in the event of a disagreement. Prices can be 
revised in line with the purchasing power of money, labour costs, and cost of power 
and materials used to supply water. In 1986 and 1987, Malaysia did not revise the 
water rates because of fi nancial considerations. The Johor government knew that if 
it were to raise the price of raw water, the price of treated water that Johor buys from 
Singapore would also go up (MICA  2003 ). 

 After Singapore became independent in 1965, the PUB took over the control of 
basic supplies including water. Its main source of water supply was water imported 
from Johor, supplemented by water from reservoirs collected from local catch-
ments. To ensure a stable and sustainable water supply for the country’s growing 
economy and population, there were many developments to increase Singapore’s 
water supply such as the Kranji–Pandan Scheme, the Upper Pierce Project, and the 
Western Catchment Water Scheme. 

 In the 1970s, a Water Planning Unit was formed in Singapore to develop a Water 
Master Plan with the objective of integrated planning encompassing land use, envi-
ronmental concerns, and water matters across various government agencies (Tan 
 2009 ). Its aim was to help the various government ministries work effectively 
together as a public sector in a coordinated way and to prevent water pollution at an 
early stage. Early prevention of water pollution is a critical factor in successful 
catchment management. Effective cross-sector coordination among the relevant 
government agencies in water management in Singapore helped integration and 
reduced inter-sectoral confl icts of interest (World Bank  2006 ). 

 Singapore has two separate systems to collect rainwater and used water. 
Rainwater is collected through a comprehensive network of drains, canals, rivers, 
stormwater collection ponds, and reservoirs before it is treated for drinking water. 
This makes Singapore one of the few countries in the world to harvest urban storm-
water on a large scale for its water supply. Two-thirds of the country’s surface area 
is classifi ed as partly protected catchment areas; there are certain restrictions on 
land use so that rainwater can be collected and used as drinking water. As of 2010, 
the water supply system included 19 raw water reservoirs, 9 treatment works, and 
17 service reservoirs for treated water. The largest reservoir, the Marina Bay reser-
voir inaugurated in 2008, is in the estuary of a river that has been closed off by a 
dam, known as the Marina Barrage, across the Marina Channel to keep seawater 
out. Besides creating the fresh water reservoir, the barrage acts as a tidal barrier that 
prevents high tides from fl ooding inland low-lying areas. This unique project pro-
vides three main benefi ts: water supply, fl ood control, and a new lifestyle attraction. 
Two similar barrages were commissioned in 2011 in the northeast of Singapore with 
the damming of Sg Punggol and Sg Serangoon, forming the Punggol Reservoir and 
the Serangoon Reservoir. Through careful planning and appropriate measures, there 
have been no reported adverse environmental impacts of closing off these estuaries. 
Combined with Marina Reservoir (which is the most urbanised catchment of 
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10,000 ha), Punggol and Serangoon Reservoirs will increase Singapore’s water 
catchment area from half to two-thirds of its land area. 

 In 2001 the PUB, which had previously been in charge of water supply only, was 
given the responsibility for sanitation as well, a role that had previously been 
 provided by the Ministry of Environment. The change facilitated the implementa-
tion of an integrated water management approach. In 2002, and after a monitoring 
period of 2 years to ensure safe water quality, Singapore inaugurated its fi rst 
reclaimed water plant. In 2005 its fi rst desalination plant was opened. 

 In the 1960s, an intensive sewage development program was established to cater 
to the demands of Singapore’s rapid housing and industrialisation growth. Waste 
water is collected through a network of underground sewers that leads to sewage 
treatment plants. As a result, 100 % of Singapore’s population is today served by 
modern sanitation. To further meet the long-term waste water needs of Singapore 
and to ensure the long term sustainability of the waste water system, PUB has put 
in place a deep tunnel sewage system (DTSS) and the Changi water reclamation 
plant (WRP). 

 The DTSS was conceived as a long term solution to meet the needs for waste 
water collection, treatment, and disposal and serve the development of Singapore. 
The project consists of two large, deep tunnels criss-crossing the island, two large 
centralised WRPs, deep sea outfalls, and a link sewer network. Completed in 
2008, Phase 1 of the DTSS comprises a 48 km long deep tunnel sewer running 
from Kranji to Changi WRP, two deep sea outfalls, and 60 km of link sewers (see 
Fig.  26.2 ). The treated effl uent from Changi WRP is used in the production of 
NEWater at Changi NEWater factory. With Phase 1 of the DTSS in place, the 
existing sewage treatment plants at Kim Chuan, Bedok, and Seletar, along with 
their pumping stations, have been progressively phased out, freeing land for other 
developments.  

 NEWater is ultra-clean water produced by purifying wastewater with advanced 
membrane technologies. The primary use of NEWater is for non-potable industrial 

  Fig. 26.2    Layout of Singapore’s deep tunnel sewage system       
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purposes. The evolution of NEWater was a journey that spanned three decades or 
longer. In 1966, the Jurong industrial water treatment plant was commissioned and 
began to supply industrial water to Jurong. This water was reclaimed from treated 
sewerage effl uent and while of suffi ciently high quality for industrial use was not 
potable. Singapore’s fi rst Water Master Plan was drawn up in 1972, and in 1974 
PUB built a pilot plant to turn waste water into potable water. This was the precursor 
of today’s NEWater factories. The pilot plant was ahead of its time, but the costs 
were astronomical and the membranes were unreliable, so the idea was shelved to 
await further technological advancement. In 1998, the technology had matured and 
production costs were down. In May 2000, the fi rst NEWater pilot plant was com-
pleted. PUB accepted an expert panel’s proposal to use NEWater for indirect pota-
ble use. This means mixing and blending NEWater with raw water in the reservoirs 
before the mixture undergoes conventional treatment at the waterworks for supply 
to the public for potable use. Initially, PUB has started with 3 mgd (13,700 m 3 /d) of 
NEWater, which is about 1 % of total daily water consumption, into raw water 
reservoirs. The amount increased progressively to about 2.5 % of total daily water 
consumption in 2011. The fi rst NEWater plants were opened in Bedok and Kranji in 
2003, and currently there are four NEWater plants in Singapore. The latest and the 
largest NEWater plant at Changi, with a capacity of 50 mgd (227,000 m 3 /d), was 
opened in May 2010. With this addition, coupled with the expansion of existing 
plants, NEWater now meets 30 % of Singapore’s total water demand. By 2060, 
NEWater is projected to meet 50 % of Singapore’s future water demand (PUB 
 2011 ). Currently, 94 % of ‘NEWater’ is used at wafer fabrication plant and other 
non-potable applications. 

 The reuse of treated used water is not new. In countries with long riverine sys-
tems, unplanned indirect potable use occurs when upstream communities use the 
water and discharge it, after treatment, back into the river, lake, or aquifer that serves 
as a source of water supply for downstream users. Successive downstream commu-
nities then reuse the water several times before the river fi nally fl ows into the sea. 
Examples are cities along the Rhine and Thames in Europe, the Mississippi in the 
United States, the Yangtze in China, and the Mekong in Indo-China. Until recently, 
the biggest constraint to greater recycling was cost. Now, new technology has pro-
duced superior fi lters and membranes and signifi cantly reduced the cost of microfi l-
tration and reverse osmosis. It has become economically attractive to recycle used 
water on a large scale. 

 Another technology-based water source is desalinated water. Singapore has one 
of Asia’s largest seawater reverse osmosis plants, which produces 30 mgd 
(137,000 m 3 /day) to meet about 10 % of Singapore’s water needs. By 2060, PUB 
intends to ramp up desalination capacity so that, in the long term, desalinated water 
will meet at least 30 % of Singapore water demand. Singapore’s fi rst desalination 
plant was commissioned in 2005 under a design, build, own, and operate (DBOO) 
agreement with SingSpring Pte Ltd, a wholly owned subsidiary of Hyfl ux Ltd. The 
SingSpring desalination plant is PUB’s pioneering public–private partnership proj-
ect under the DBOO arrangement. Under this partnership, SingSpring will supply 
30 mgd (137,000 m 3 /d) to PUB for 20 years. In April 2011, PUB and Hyfl ux signed 
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a 25-year water purchase agreement for Singapore’s second and largest desalination 
plant. The desalination plant, located at Tuas, constructed under the DBOO model 
commenced operations in 2013, adding another 70 mgd (318,000 m 3 /d) to 
Singapore’s water supply. The proper disposal of the waste brines of the desalina-
tion plant has been incorporated in the plant design so that there will not be adverse 
environmental impacts. 

 Today, Singapore has four different sources of water supply, known as the four 
national taps. They are:

•    Rainfall, collected in reservoirs (about 20 % of supply in 2010)  
•   Imported water from Malaysia (about 40 % of supply)  
•   Reclaimed water (NEWater) (30 % of supply), and  
•   Seawater desalination (10 % of supply).    

 Water reclamation and waste management will become a huge industry, particu-
larly in view of the predicted impacts of climate change. Almost every society, 
notably China and India, will have to cope with this problem. Singapore’s current 
technical capacity to be self-suffi cient if the need arises is the result of building on 
existing knowledge. Singapore brought the technologies together and improved on 
them. It is a collaborative effort, and Singapore is looking to share the technology 
with others who need it so they too can improve on it.  

5     Conclusion 

 The present study shows that technologies in water reclamation and waste manage-
ment, used with effective water management policies and practices, are effective 
and cost competitive in helping humankind face an impending water crisis. 

 The present study of the transboundary sharing of water resources between 
Singapore and Malaysia shows that such an arrangement can be a win–win 
arrangement for both countries. The major benefi ts for Malaysia can be summarised 
as follows:

    1.    In hindsight, the 1961 Agreement is similar to a BOT (build–operate–transfer) 
arrangement. All the costs of reservoirs in Johor, dams, pipelines, plant, equip-
ment, etc., and all the costs of operating and maintaining this infrastructure from 
September 1961 to August 2011, were borne by PUB. In August 2011, PUB 
handed over to the Johor state government, free of charge, a complete developed 
catchment covering an area of 3,301 ha, two water treatment plants at Skudai and 
Gunung Pulai, two pump houses at Tebrau and Pontian, administrative buildings, 
and workers’ living quarters. Since January 2011, PUB has trained 60 workers to 
take over operations. This means a saving amounting to hundreds of millions of 
RM for the construction of this infrastructure.   

   2.    An annual income to the Johor state government, payable by PUB, of an annual rent 
of $5 per acre for the land and a charge of 3 cents for every 1,000 gal (4,500 l) of water.   
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   3.    For the 21,600 ha of land set aside by Johor under the Sg Linggui Water 
Agreement, Singapore has agreed to pay RM320 million as compensation for the 
permanent loss of use of the land and its associated revenue, in addition to a 
premium of RM18,000 per ha and an annual rent of RM30 for every 1,000 ft 2  of 
land. This works out to be a premium of RM389 million and an annual rent of 
RM70 million.   

   4.    Johor is able to meet part of its water needs with good quality treated water pro-
duced by the water works operated by PUB in Johor.   

   5.    From September 1961, Singapore has been providing Johor with an average of 
37 million gallons of treated water per day (168,000 m 3 /d) at a price of 50 cents 
per 1,000 gal (4.55 m 3 ) even though the treatment cost is much higher. The Johor 
state government is selling this water at RM0.98/m 3  (RM4.31 per 1,000 gal). 
This in turn has generated a profi t of RM52 million a year, which includes a 
subsidy of RM29 million a year by PUB.     

 The benefi ts for Singapore can be summarised as follows:

    1.    From 1927 onwards Singapore has been able to meet its water needs economi-
cally with high quality treated water, helping Singapore to compete globally.   

   2.    Because of diffi culties, when Mahathir was Prime Minister of Malaysia, of nego-
tiating another water agreement beyond 2061, Singapore was forced to invest 
heavily in utilising the latest technology in water reclamation and waste manage-
ment to ensure its water security. The Singapore water story is one of how a 
small nation’s efforts to overcome its constraints in natural resources has moved 
it from a water-scarce city to a leader in water supply solutions. PUB won the 
2007 Stockholm Industry Water Award and was named Water Agency of the 
Year in 2006 at the Global Water Awards. Since 2008 Singapore has hosted the 
Singapore International Water Week, an event that brings policymakers, industry 
leaders, experts, and practitioners together to address challenges, showcase tech-
nologies, discover opportunities, and celebrate achievements.   

   3.    With the success of NEWater and desalination, Singapore has become a world 
leader in water technology. Water reclamation and waste management have 
become major industries because many countries, especially dry and populous 
ones, will have to cope with water shortages. With experience gained in 
Singapore, over 50 local and international companies located there can now offer 
solutions, making this sector a substantial export industry. At the Singapore 
International Water Week 2010, the total value of announcements for projects 
awarded, tenders, investments into Singapore, and MOUs for research and devel-
opment exceeded S$2.8 billion, up 27 % from last year’s S$2.2 billion.     

 By the time the water supply agreement with Malaysia expires in 2061, and if 
there is no new water agreement in place, Singapore can still be self-suffi cient in 
water, with reclaimed water meeting 50 % and desalination 30 % of its needs in 
addition to the 20 % supplied by internal catchments (Tan  2009 ). At the same time, 
the target of PUB is to reduce daily per capita domestic water consumption to 147 l 
by 2020, and 140 l by 2030 (PUB  2011 ). Optimistically, there is the possibility of 
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Malaysia and Singapore signing a new water agreement for water supply beyond 
2061, especially in view of the more cordial relationships that have grown between 
Singapore and Malaysia since Najib Razak became Prime Minister of Malaysia. 
This has been well demonstrated by the recent resolution of the customs– 
immigration–quarantine issue that had been unresolved for at least 13 years. This 
optimism is based on some indications from Malaysian offi cials, extending as far 
back as 1999, that supply of extra water to Singapore is possible. Maintaining cor-
dial relations between the two countries will help solve remaining problems. 
Ultimately, it is the total costs of the secured water supply that will determine 
whether a future water agreement is reached.     
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     Chapter 27   
 The Opportunities and Challenges 
of Implementing ‘Water Sensitive Urban 
Design’: Lessons from Stormwater 
Management in Victoria, Australia 

             Karen     Hussey      and     Esther     Kay    

1            Introduction 

    Responding to pressure on the natural and built environments from population 
growth, the need for safe and secure water to support resilient and liveable 
communities, and the need to adapt to increased climate risk and variability, many 
cities around the world have sought new ways to develop, manage and sustain their 
urban environments. Indeed, in recent years, three important and related concepts 
have emerged in relation to cities and urban development: fi rst, the need to design 
cities so as to minimise the impact of climatic events on populations, infrastructure 
and the environment; second, the need to optimise human consumption of scarce 
natural resources, particularly land, water, energy and nutrients; and third, the need 
to protect and where possible conserve the natural environment in and between 
cities. Over time, these concepts have evolved into a variety of different concepts, 
approaches and ‘visions’ to guide future land use development. One such concept is 
‘water sensitive urban design’ (WSUD), a term whose defi nition varies but which is 
nevertheless now readily accepted internationally as a core aspiration of urban 
development (Wong and Brown  2011 ). 

 In its broadest context, WSUD is the integrated design of the urban water cycle, 
incorporating water supply, wastewater, stormwater and groundwater management, 
urban design and environmental protection (NWC  2009    ). It represents a fundamental 
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shift in the way water and related environmental resources and water  infrastructure 
are considered in the planning and design of cities and towns, at all scales and 
densities (see also Barraque, Chap.  9 , this volume). However, the transformational 
nature of WSUD poses enormous challenges to the existing paradigm, which is 
characterised by a complex and entrenched web of institutional and regulatory 
arrangements that very distinctly see the administrative and planning aspects of 
land use, fl ood mitigation, water quality management, urban development, and 
environmental protection managed separately (Brown  2008 ), with numerous and 
different actors involved but kept separate by very different regulatory regimes. 
Current institutional arrangements also refl ect earlier thinking that critical infra-
structure for water should be designed and managed centrally, with a strong prefer-
ence for ‘hard’ engineered supply solutions such as dams, city-level waste water 
treatment plants and reticulation. In contrast, features of WSUD include decentral-
ised, on-site treatment of stormwater through bio-retention pits and rainwater 
tanks, the establishment of wetlands within city boundaries, and the development 
of dual reticulation systems to exploit both potable and ‘grey’ water in all new 
developments. 

 The focus of this chapter is on the challenges of implementing WSUD, specifi -
cally with respect to the stormwater management aspects of WSUD. The chapter is 
based on a signifi cant research project undertaken by the authors on behalf of the 
Government of Victoria, Australia, to examine the compliance and implementation 
challenges of that state’s regulatory arrangements for WSUD and stormwater man-
agement. The research was designed to identify the barriers to, and ‘enablers’ of, 
compliance with the relevant law, so as to provide insight into how stormwater 
management through WSUD can be achieved. While this chapter focuses on the 
experiences in the State of Victoria, the fi ndings and conclusions are highly relevant 
to other cities grappling with the implementation of WSUD. 

 In the next section, we briefl y explore the rationale for, and objectives of, 
WSUD. In Sect.  3  we introduce the background to, and methodology for, the 
Victorian case study, with particular reference to the regulatory and legislative 
context for WSUD and stormwater management in Victoria’s planning regime. In 
Sect.  4  we present the research fi ndings, focusing particularly on the ‘enablers’ 
and ‘barriers’ to successful implementation in the planning process. Based on the 
fi ndings from the Victorian case study, in Sect.  5  we offer a number of insights 
into the conditions necessary to effectively implement WSUD, in Australia and 
elsewhere.  

2     Water Sensitive Urban Design 

 ‘Water sensitive urban design’ (WSUD) is based on the premise that the process of 
urban development and (importantly) redevelopment needs to address adequately 
the sustainability of the water environment. It aims to see all streams of water being 
managed as a resource, as they have quantitative and qualitative impacts on land, 
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water and biodiversity, and the community’s aesthetic and recreational enjoyment 
of waterways (NWC  2011 ). Australia’s joint standing committee on water sensitive 
cities defi ned the overall objectives of WSUD to include (JSCWSC  2009 ) 1 :

•    Reducing potable water demand through demand and supply side water manage-
ment, incorporating the use of water effi cient appliances and fi ttings as well as a 
fi t-for-purpose approach to the use of potential alternative sources of water;  

•   Minimising wastewater generation and treatment of wastewater to a standard 
suitable for effl uent reuse and/or release to receiving waters;  

•   Treating stormwater to meet water quality objectives for reuse and/or discharge;  
•   Restoring or preserving the natural hydrological regime of catchments;  
•   Improving waterway health by the management of the previous two objectives;  
•   Improving aesthetics and the connection with water for the residents of develop-

ments where it is applied; and  
•   Promoting a signifi cant degree of water related self-suffi ciency within a develop-

ment by optimizing the use of water sources from within the development to 
minimise potable water infl ows and water outfl ows from a development, both 
stormwater and wastewater.    

 To achieve these objectives, a planning and design approach is adopted in WSUD 
that integrates the following opportunities into the built form of cities and towns 
(see JSCWSC  2009 ; ARQ  2004 ; PMSEIC  2007 ):

•    A ‘diverse portfolio’ of water sources, including rainwater, stormwater, waste-
water, groundwater and grey water reuse as alternative sources of water to con-
serve potable supplies;  

•   Localised wastewater treatment and reuse systems at the household or suburb- 
level to reduce potable water consumption and minimise environmentally harm-
ful wastewater discharges;  

•   Detention, rather than rapid conveyance, of stormwater, through rainwater tanks, 
urban wetlands, swales etc.;  

•   Reuse, storage and infi ltration of stormwater, instead of drainage system 
augmentation;  

•   Use of vegetation for stormwater fi ltering purposes, for example through swales 
or bio-retention pits;  

•   Water-effi cient landscaping to reduce potable water consumption;  
•   Protection of water-related environmental, recreational and cultural values by 

minimising the ecological footprint of a project associated with providing sup-
ply, wastewater and stormwater services;  

•   Provision of stormwater or other recycled urban waters (in all cases subject to 
appropriate controls) to provide environmental water requirements for modifi ed 
watercourses;    

1   For a comprehensive defi nition of WSUD and its relationship with integrated water cycle man-
agement, see Wong and Brown  2011 . 
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 Clearly, a very prominent feature of WSUD is the design of localised water storage, 
treatment and reuse technologies. Such approaches, which are often referred to as 
distributed systems, can involve the application of these alternative technologies at 
lot, neighbourhood or district residential scales or for commercial/industrial/high 
rise developments. The focus on distributed systems is also thought to increase the 
built environment’s resilience to climate change impacts. Brown et al. ( 2007 ) also 
stress, importantly, that a key feature of WSUD should be fl exible institutional 
arrangements designed to (i) cope with increased uncertainty and variability in cli-
mate, and (ii) conduct ongoing monitoring, evaluation and review of policies and 
regulations for WSUD. The research that informs this chapter was undertaken with 
that objective in mind. 

 The departure from traditional, dominant and entrenched philosophies on urban 
development towards the principles enshrined in WSUD, represents a fundamental 
and transformative shift in how we  conceive, plan for, and manage  our cities, their 
functions, and the environments in which they exist. To achieve such a transforma-
tional shift, a high degree of societal adaptation – i.e. behavioural change – is 
required. We know from experience that societal adaptation occurs at multiple 
social scales, including (i) individual behaviour, (ii) formal laws, incentives and 
governance arrangements, and (iii) evolving norms, attitudes and understanding 
(Hussey et al.  2013 ). Each of these scales is reinforcing i.e. formal laws can bring 
about shifts in norms and attitudes, which can in turn bring about changes in indi-
viduals’ behaviour. The reverse is also true: shifts in norms, attitudes and under-
standings (for example within water agencies and government departments), can 
usher in new laws and governance arrangements which in turn invoke changes in 
individual behaviour.  

3      The Case Study: Stormwater Management 
in Victoria, Australia 

 Using the State of Victoria as a case study, this research focused on level (ii), and the 
extent to which the introduction of one new governance arrangement to implement 
a feature of WSUD – Clause 56.07-4 relating to stormwater management – is 
achieving the intended changes in behaviour, and thus achieving its stated objec-
tives. In the next section we briefl y outline the background to the study and our 
research methodology. 

3.1     Policy and Legislative Context 

 In Australia, the  2004   National Water Initiative  formalised the ambition to achieve 
‘water sensitive Australian cities’, requiring all Australia’s states and territories to 
identify and implement innovative options for WSUD in new developments and 
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remove regulatory and institutional impediments to achieving it (Section 92, NWI 
2004). In the last decade, all states and territories have introduced provisions for 
WSUD in their planning regimes, though to varying degrees (NWC  2011 ). The 
State of Victoria has been praised as particularly progressive and far-sighted in its 
attempts to integrate WSUD in its regulatory and planning regimes, with the most 
signifi cant reforms in 2006 when amendments to the Victoria Planning Provisions 
were made to encourage better planning outcomes for residential land development. 
Known as the  Sustainable Neighbourhood  provisions, the new Clause 56 modifi ed 
the approach to the design and development of land for subdivision. Clause 56.07 of 
the  Sustainable Neighbourhood  provisions introduced the concept of integrated 
water management into the planning system, with Clause 56.07-4 introducing pro-
visions for stormwater management through WSUD.   Clause 56.07-4 has three 
objectives:

    1.    to minimise damage to properties and inconvenience to residents from urban runoff   
   2.    to ensure that the street operates adequately during major storm events and 

provides for public safety   
   3.    to minimise increases in stormwater run-off and protect the environmental 

values and physical characteristics of receiving waters from degradation by 
urban run-off.     

 WSUD is particularly pertinent with respect to objective three, such that urban 
stormwater management systems must be designed:

•    to meet the current best practice performance objectives for stormwater quality, and  
•   to ensure that fl ows downstream of the subdivision site are restricted to pre- 

development levels unless increased fl ows are approved by the relevant drainage 
authority and there are no detrimental downstream impacts.    

 To achieve these objectives, a variety of different water ‘assets’ or infrastructure 
needs to be incorporated into the development site, ranging from rainwater tanks, to 
swales, bio-retention pits, and community-level urban wetlands – though the pre-
cise type of infrastructure required, and under what circumstances, remains unclear, 
a point developed in the analysis section below. 

 Clause 56.07-4 currently applies to each new residential subdivision that creates 
three or more vacant lots. The subdivision of land zoned Residential 1, Residential 
2, Residential 3, Mixed-Use, Township, Comprehensive Development and Priority 
Development must meet the objectives of clause 56.07-4 unless the lots being cre-
ated contain an existing dwelling or a car parking space. Importantly, under Clause 
56 councils are responsible for application and enforcement of the measures in the 
planning provisions based on the design and water management requirements of the 
relevant drainage and water authority. However, there have been varied levels of 
success in implementing Clause 56 more broadly, including Clause 56.07-4. This 
research project was borne from the understanding that while implementation of 
Clause 56.07-4 is successful in some parts of Victoria, implementation is at best 
‘patchy’ and improvement is needed across Victoria. However, as is the case with 
regulatory compliance generally, there is little understanding as to where the barri-
ers exist or what improvements might be made.  
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3.2     A Framework for Analysis 

 Ascertaining the extent to which any law – in this case Clause 56.07-4 applying 
WSUD to residential sub-development – is effective in achieving its objectives 
involves consideration of a range of issues. In particular, there is a clear distinction 
to be drawn between the existence of legal arrangements designed to enable or 
require an action, such as implementing WSUD; the capacity of these legal arrange-
ments to do so in practice; the differentiated capacity of these legal arrangements to 
be enforced; and ultimately the extent to which the implementation of these legal 
arrangements actually achieve the outcomes for which they have been designed. 

 In short, the effectiveness of Clause 56.07-4 depends on more than simply  com-
pliance ; its effectiveness in achieving stormwater quality objectives and, ultimately, 
improved river health, depends to a very great extent on the context in which it oper-
ates. This research therefore considered the policy and planning issues which may 
inhibit effective implementation, such as:

•    information and knowledge gaps,  
•   overlap, ambiguity, or contradictions in legislative requirements or processes,  
•   inappropriate scale or scope of implementation and regulatory arrangements,  
•   incentive gaps and confl icts for private and public sector actors that risk impeding 

implementation,  
•   confl icting strategic policy goals, which create unintended outcomes,  
•   the availability or lack thereof of human, fi nancial and other (i.e. technical) 

resources,  
•   inappropriate working environments which impede application of the Clause 

(i.e. professionals not physically located in the same building).    

 To facilitate the identifi cation of barriers to, and enablers of, compliance with 
Clause 56.07-4, we structured the research around the three distinct phases in the 
approval and implementation of Clause 56.07-4 as shown in Fig.  27.1 .  

 The  pre-planning application phase  includes the fi rst steps in organisations 
and individuals being aware of the negative environmental implications of tradi-
tional, piped drainage systems and a commitment to changing processes and behav-
iours to shift focus to a sustainable stormwater pathway. In the context of this 
research, this has generally been expressed by councils as senior management sup-
port for use of WSUD, both as a municipal objective and through on-ground physi-
cal implementation, and appropriate staffi ng to deal with assessments of subdivision 
design submitted for approval against the requirements of Clause 56.07-4. 
Subsequent work in this phase includes clarity around responsibilities for water 
resource decisions in the planning system, an area which still seems to cause confu-
sion, and moving toward integrated water management planning for regional, sub-
regional and local areas. Industry buy-in and technical competencies complement 
the success of this phase. 

 The  planning application and approval phase  is where Clause 56.07-4 is used 
to benchmark planning assessments in terms of stormwater management and 
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compliance with the best practice environmental management objectives. 2  There is 
management software to determine numerical compliance. Either projects comply, 
in some cases through use of offsets, or they do not. Planning permit conditions 
require more detailed plans to be submitted and approved prior to the actual start of 
land development works. It is at this stage that there can be a need for more advanced 
technical expertise, to ensure that the constructed technologies are designed 
correctly and will perform as has been assumed in the numerical compliance 
assessment. 

2   The best practice environmental management objectives for stormwater are referenced as a com-
pliance measure in Clause 56.07-4 and these objectives are supported by industry compliance 
software. The objectives are published in the Victoria Government’s Urban Stormwater Best 
Practice Management Guidelines (Victorian Stormwater Committee, CSIRO Publishing, 1999) 
providing a consistent numerical compliance standard for all Victorian WSUD projects. The post- 
construction standard requires pollution reduction when compared to the typical urban load of 
80% of Suspended solids, 45% of Total nitrogen, 45% of Total phosphorus, 70% of litter and dis-
charges for the 1.5 ARI maintained at the pre-development level. 
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commitment
community & industry awareness
stormwater management issues 
& solutions

Planning approval
design performance 
design integration
referral requirement

Construction oversight
construction site impacts
IWM/WSUD infrastructure 
construction

Roles & responsibilities
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  Fig. 27.1    Integrated water management: approval and implementation phases of Clause 56.07-4       
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 The  post-planning approval phase  is one which is still evolving as experience 
with WSUD grows. This involves the actual construction of the stormwater man-
agement elements approved as part of the subdivision design; the timing, establish-
ment and handover of assets usually to local government; and then a program of 
scheduled maintenance throughout the life of the asset. Ideally there would be some 
form of post-construction monitoring to determine if the environmental benefi t, in 
particular pollutant removal, is being achieved. However, this is rarely performed 
other than as part of a waterway monitoring program for water-borne pollution and 
targeted improvements in water quality.  

3.3     Methodology 

 The project was based on extensive research designed to capture a comprehensive 
understanding of the operation of the clause in practice. As such, different research 
methods were used to target different stakeholder groups, including:

•    Review of the legislation supporting stormwater quality management and the 
wide range of resources available to practitioners who design, evaluate, construct 
and monitor WSUD.  

•   Detailed feedback from local government planners, engineers, design profes-
sionals and sustainability offi cers on their experiences in implementing Clause 
56.07-4 in the planning system, based on an online survey distributed to Victorian 
councils (158 responses) and interviews with four case study councils.  

•   Detailed feedback from land developers and their consultants on their experi-
ences with the clause when preparing subdivision designs, based on an online 
survey (48 responses) with Victorian members of the Urban Development 
Institute of Australia and the Association of Land Development Engineers.  

•   Interviews with Victorian representatives from peak bodies such as the Institute 
of Public Works Engineering Australia, Urban Development Institute of Australia 
and Association of Land Development Engineers, and the Municipal Association 
of Victoria (11 in total).  

•   Interviews with government stakeholders such as the Offi ce of Living Victoria, 
Melbourne Water and the Department of Planning and Community Development 
(7 in total).  

•   Discussions with stakeholders in the water industry such as staff in Melbourne’s 
water retailers and a regional water authority.      

4      Research Findings 

 In this section, we present the factors which have enabled successful compliance 
with Clause 56.07-4 in some jurisdictions, as well as the factors which – as articu-
lated above – pose barriers to successful implementation in the various phases of 
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the planning process. We begin with an overview of the overall perceptions of the 
rationale for, and effectiveness of, Clause 56.07-4, including the extent to which 
stakeholders believe the clause is being implemented successfully. 

4.1     Overall Perceptions of Clause 56.07-4 

 The most important fi nding from the research was that there is overwhelming sup-
port from all stakeholders in the case study for integrated water management more 
broadly, and stormwater quality treatment specifi cally. None of the responses indi-
cated concerns with the best practice environmental management objectives for 
stormwater quality including their current confi guration or their use as a standard in 
the planning system. Moreover, almost all respondents stated there is signifi cant 
awareness of Clause 56.07-4 within their organisations and almost 80 % of council 
respondents felt that Clause 56.07-4 can make a difference to the environment. 
Furthermore, councils see it as reasonable and/or necessary that private land should 
contribute to meeting stormwater quality objectives. 

 In contrast, over 80 % of industry respondents felt WSUD should be undertaken 
on public land such as parks and local reserves, rather than on private development 
on private land, which they see as an unnecessary and unfair burden on private 
developers (see Sect.  4.3 ). Nevertheless, more than two-thirds of industry respon-
dents were confi dent that the Victorian development industry can deliver and sus-
tain innovation and individual solutions for WSUD. 

 There was strong consensus and support from all stakeholders, including indus-
try, for the Victorian government’s plans to extend the clause to industrial, commer-
cial and infi ll developments, though with revisions necessary (see below). Some 
councils are already applying stormwater quality objectives to non-residential 
developments with cooperation from developers of these sites. There was also sup-
port for broadening the objectives of Clause 56.07-4 to include other public bene-
fi ts, such as stormwater harvesting and water reuse, which is a signifi cant fi nding in 
support of WSUD. 

 When asked whether Clause 56.07-4 is effective in meeting best practice objec-
tives for storm water runoff at the subdivision level, the responses were only very 
slightly different between council staff and industry stakeholders (see Fig.  27.2 ).  

 However, there was considerable doubt expressed about  how  the effectiveness of 
Clause 56.07-4 can actually be measured and understood, i.e. in the absence of 
regular monitoring of, and/or communication about, the quality of receiving waters, 
how are council staff, relevant government agencies, developers, and the broader 
public to know whether the clause is meeting its objectives? It is worth noting that 
scientifi c analysis of the effectiveness of WSUD (such as constructed wetlands, 
vegetated swales and biofi ltration through vegetated media such as sand or soil), 
indicates that while it has been largely successful in reducing loads, few studies 
have reported the effectiveness of load-reduction in actually protecting or restoring 
the ecological health of streams (Burns et al.  2012 ). Attributing water quality to any 
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one factor is also, clearly, a considerable constraint in accurately assessing the 
effectiveness of Clause 56.07-4. Therefore, on-going, longitudinal analysis of the 
health of Victoria’s waterways is an essential element in establishing whether 
WSUD is meeting its overall objectives, which would directly respond to some 
doubts expressed by respondents as well as provide the Victorian Government with 
‘hard’ evidence to inform future policy. 

 While perceptions of the success of Clause 56.07-4 varied between stakeholders, 
the research also highlighted that signifi cant diversity exists across Victoria in how 
the clause is implemented. Some councils are pursuing very progressive and impres-
sive strategies for WSUD (e.g. with dedicated teams formed and funding allocated 
to the development and implementation of WSUD approaches across their jurisdic-
tion, together with initiatives aimed at raising awareness of WSUD in their com-
munity), while other councils are struggling to understand when the clause applies, 
and how to implement it so as to achieve its intended objectives over the long run. 
This is clearly expressed in the contrasting quotes below:

  Our Council is very committed to stormwater quality improvements/management. We have 
a strategy that is focussed on SWQ and WSUD implementation as a priority consideration 
for all drainage initiatives. Even maintenance teams have come around and are actively 
involved in cross discipline project meetings and contribute to ideas/innovations to ensure 
ease of maintenance (but we are still learning). We have a strong “across dept/technical 
discipline alliance” in the offi ce areas, some work still needed with the construction 
(operational teams). 

 At an executive level there is little understanding & support. It is being delivered in an ad 
hoc manner without any overall coordination. 

   Interestingly, variability in the implementation of the clause also exists  within  
councils, with some council staff pointing to inconsistencies in application:
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  Fig. 27.2    Council staff and industry representative responses to the question ‘From your experi-
ence, Clause 56.07-4 is effective in meeting the best practice objectives for stormwater runoff in 
residential subdivisions’       
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  Whilst Council generally has the capacity to achieve all of the above [best practice 
environmental management objectives], the real practice is not always consistent, being 
infl uenced by the scale of development and willingness or unwillingness of applicants to 
work with Council. 

   Some respondents suggested that expectations for developments to meet water 
quality objectives differ according to the site proposed for development:

  Our council also invests more effort in developments that occur within a “high value 
catchment” in accordance with our organisation’s strategic policy documents - expectations 
to meet water quality objectives are much higher in a high value catchment as opposed 
to a degraded catchment (which is seen as more good will or opportunistic to get better 
outcomes). 

 [My council is…] Largely disinterested, with occasional interest in particular cases, as a 
result of where the site is located within the landscape. 

   These fi ndings support earlier research which found that ‘Councils across 
Victoria have had varying levels of success and failure with WSUD and IWM’ 
(Clearwater  2012 : 5).  

4.2     Factors for Successful Compliance 

 A number of councils in Victoria are leading the way in implementing WSUD, with 
some councils already considerably advanced in the development of integrated 
water management plans and ‘whole of council’ strategies to capitalise on  all  the 
benefi ts of WSUD. From this research, several factors which enable successful 
compliance with Clause 56.07-4 were identifi ed in each phase of the approval and 
implementation process. We explore each in turn. 

4.2.1     Pre-planning Application Phase 

 Interviewees indicated that strong support from the upper echelons of council is 
critical to ensure WSUD is readily accepted and strongly enforced. For example, 
where such support exists, the incorporation of WSUD and IWM in council strategic 
plans is strongly encouraged, and those plans are in turn utilised in pre- application 
planning discussions and relied on to provide the ‘mandate’ for high expectations 
(from council staff  and  developers) in relation to WSUD and compliance with 
Clause 56.07-4. 

 Similarly, interviewees indicated that high-level strategic planning must be 
suffi ciently detailed as to include stormwater management at the subdivision stage, 
ensuring that stormwater considerations are integrated across the water, land and 
built forms, which in turn enables the planners, engineers and others involved in 
pre-application discussions to maximise win-win solutions across the catchment. 
Depending on the council, this high-level, integrated planning can be in the form of 

27 The Opportunities and Challenges of Implementing ‘Water Sensitive Urban…



604

catchment management plans, ‘master’ or ‘strategic’ plans for the whole jurisdiction, 
or in some cases ‘integrated water cycle management’ plans. In some councils this 
process is just beginning:

  Council’s internal processes ensure timely review of applications and resolution of 
issues, but this does not yet include best practice storm water management. Council is 
about to undertake & develop an Integrated Water Cycle Management plan. This plan 
should enable Council to adopt a water sensitive city planning & development model. 
Council respondent. 

   As is the case with other policy domains, interviewees also pointed to the impor-
tant role played by ‘champions’ in the pre-application phase. ‘Champions’ can exist 
at all levels of seniority, but they typically play an important role in convincing col-
leagues, developers and the broader community about the benefi ts of WSUD: where 
there is a high level of industry and community acceptance of WSUD in the plan-
ning system, the approval and implementation process is greatly facilitated. As one 
interviewee put it:

  What you need is willing developers and willing councils. 

   However, councils need more than champions to successfully implement the 
Clause 56.07-4 requirements, and often champions do not have suffi cient engineer-
ing background and skills to play a hands-on role in the detailed design of WSUD 
and assessment of planning applications. In addition to high-level support for 
WSUD within councils, access to ‘fi t for purpose’ technical resources is also vital 
to ensure pre-application advice is informed and appropriate, especially with respect 
to which design solutions are most feasible in any given context. Interviewees 
consistently pointed to the important role played by Melbourne Water in providing 
expertise – through guidelines as well as human resources – in supporting councils 
within its jurisdiction to comply with the clause. While not explicitly mentioned by 
research participants, Melbourne Water’s periodic ‘needs assessment’ of capacity 
within councils together with the  Living Rivers  initiative are no doubt supporting 
elements in capacity building efforts in metropolitan Melbourne. 

 In regional Victoria, interviewees indicated that they share information, manuals 
and guides to draw from each other’s experience. Other regional councils are also 
participating in this self-initiated program with a common infrastructure design 
manual for developers published online. The resources, workshops and advice pro-
vided through the Victorian Government’s Clearwater program was also identifi ed 
as a very important enabling factor, particularly for those councils outside the 
Melbourne Water jurisdiction.  

4.2.2     Planning Application and Approval Phase 

 A number of enabling factors are evident in the ‘planning application and approval 
phase’, with interviewees from leading councils stressing the need for integrated 
and inclusive approval processes to ensure development proposals are considered 
by not only the planners, but also council engineers, sustainability offi cers, urban 
designers, landscape architects and asset managers. A number of the case studies 
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pointed to well-developed handover procedures within councils as proving particularly 
valuable in identifying potential solutions, and mitigating potential problems. 

 Amongst the leading councils, there was also evidence of closer relationships 
between water authorities and councils to deliver integrated water management – 
this was especially true for metropolitan Melbourne councils where Melbourne 
Water plays a critical role in providing advice and encouragement. 

 The importance of using council engineers adequately was stressed by several 
interviewees, which in turn relies on a council commitment to provide a reasonable 
level of engineering staff resources to provide technical support to planners. Not 
surprisingly, the extent to which councils are prepared to commit resources to 
WSUD and approval processes relies to a very great extent on whether there is high- 
level support for WSUD in the fi rst place. 

 Interviewees also identifi ed technical experience of WSUD amongst council 
engineering (or architecture) functions as vitally important; such experience can 
quickly identify appropriate solutions for compliance with Clause 56.07-4, together 
with knowledge on the long term costs for maintenance and management of the 
WSUD assets. 

 Survey responses from council staff reinforce the argument that planning 
processes and in-house expertise is critically important for successful compliance. 
This refl ects the need for good internal council processes where technical support is 
available to the statutory planner responsible for the application who is dependent 
on this support for the technical compliance assessment and often the negotiations 
that take place with the developer. Forty-nine respondents from that survey agreed 
or strongly agreed that, in their experience, the stormwater quality objectives of 
Clause 56.07-4 are being met, indicating that those staff have favourable experi-
ences with the clause.  

4.2.3     Post-planning Approval Phase 

 To a very great extent, success in the ‘post-planning approval phase’ is determined 
by the adequacy of the processes and expertise in-place in the previous two phases. 
In other words, with clearly articulated strategic plans in place, and well informed 
council staff who have a high level of expertise and experience with Clause 56.07-4, 
the post-planning application phase will have been considered prior to approval. 

 A number of the industry respondents pointed to body corporate arrangements as 
being particularly effective in maintaining and managing the WSUD assets over the 
long term. Clearly, such arrangements are most feasible in greenfi eld developments, 
brownfi eld developments and larger building complexes.   

4.3      Barriers to Successful Compliance 

 Notwithstanding the impressive progress made by some councils in implementing 
Clause 56.07-4, the overwhelming response from this research was that signifi cant 
barriers exist which undermine the stormwater quality objectives of the clause, but 
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which also present signifi cant impediments to the Victorian government’s broader 
objectives in the  Living Melbourne, Living Victoria Plan for Water . 

4.3.1     Barriers in the Pre-planning Application Phase 

   Limited Scope of Clause 56.07-4 to Residential Subdivisions 

 The most signifi cant barrier identifi ed was the inconsistency and limited scope of 
Clause 56.07-4 as it only applies to residential subdivision. This was considered by 
respondents as a barrier for several reasons. In the fi rst instance, interviewees indi-
cated that the limited scope of Clause 56.07-4 creates ambiguity amongst council 
staff and developers around when the clause applies. A council staff member stated,

  Currently there is obviously complexity in the implementation of Clause 56 and it is not 
utilised by inner urban councils. There are a number of major gaps in this space with inner 
urban councils currently only enforcing WSUD implementation through planning permits 
without actually even having a mandate to do so. There is real opportunity to extend Clause 
56 and taylor [sic] it to account for infi ll and industrial type development. In our council 
area we have been advocating strongly for extra powers to mandate WSUD in all 
development broadening Clause 56 would be but one important component of this. 

   While an industry respondent put it thus:

  I believe that Developers are confused about where and when they are required to provide 
for stormwater quality devices. For example, on some projects they are not required to do 
anything (i.e. the drainage scheme provides all the treatment, so nothing is required of the 
developer), then on their next project, they need to allocate a large chunk of land for water 
quality treatment. 

   There was also considerable uncertainty around how the objectives of Clause 
56.07-4 relate to other water-related legislation in the planning scheme, with 88 % 
of industry respondents identifying that ambiguity as a signifi cant barrier to 
successful implementation. 

 The limited scope of Clause 56.07-4 also means that some councils use other 
‘triggers’ to incorporate stormwater quality objectives in developments:

  We don’t generally apply Clause 56 as we are an inner urban Council and as I understand it 
this means that generally Clauses 54 and 55 are usually applied and this then means it is 
complex to use 56 as well. Most of the planning infl uence we wield is through the sustainable 
design in the planning process (SDAP) this is triggered by planning permit applications not 
subdivision 

   There was also a distinct feeling amongst all stakeholders that the failure to 
include other land developments in Clause 56.07-4 undermines the environmental 
credibility of the clause. Many respondents expressed exasperation that such a small 
component of development in Victoria (i.e. residential subdivision) triggers Clause 
56.07-4:

  As an established municipality we effectively have no subdivision applications that require 
a Clause 56 assessment. It is Council policy that new dwellings (i.e. dual occupancies) must 
have a planning permit and construction be at frame stage before the Council will support 
the subdivision – hence an assessment against Clause 56 is not required. 
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 Clause 56 is the only part of the planning provisions that mandates integrated water 
objectives, which means all the developments under Clauses 54 and 55 and exempt from 
WSUD unless the council fi nds some other way to insist on it. It is farcical to have so much 
of the burden for stormwater management objectives fall on residential subdivisions - what 
about all the other development going on? 

 It’s not covering half of our growth which is in-fi ll! 

   And from industry:

  …can't see why industry should not have to comply. Potentially, runoff is greater and 
pollution more concentrated than residential. There should be no discrimination if the 
objectives need to be met. 

   The limited scope of the clause was also seen by some as placing an unfair bur-
den on residential subdivision developers who ‘carry the cost’ of broader stormwa-
ter quality objectives, while other developers (and, arguably, government agencies) 
are exempt from the obligation to build WSUD assets:

  It is an unfair burden on contributors to a scheme with a narrow basis of collection to 
subsidise greater community needs BSP#12. 

   That sentiment was echoed in the industry survey, which found that 80 % of 
respondents thought WSUD should be undertaken on public land, rather than 
private land.  

   Lack of ‘Fit for Purpose’ Technical Expertise for Pre-application Advice 

 There was signifi cant awareness amongst participants of the many resources on Clause 
56 available to council staff and industry, and those councils that perceive the clause as 
meeting its objectives utilise those resources very readily. Council staff from within the 
Melbourne Water region also relied on expertise within the Melbourne Water organisa-
tion to assess development proposals vis à vis Clause 56.07-4. However, the research 
indicated for those stakeholders working outside metropolitan Melbourne, the existence 
of resources was either not known, or there was considered to be so much information 
that it was ‘hard to see the wood for the trees’. Almost without exception, the industry 
respondents indicated that a well- organised, single, centralised, state-based site would 
be benefi cial in helping them to comply with Clause 56.07-4. 

 There was considerable variability in how stakeholders perceive the availability 
of pre-application expertise. Almost two-thirds of council staff respondents indi-
cated they thought pre-application advice on Clause 56.07-4 is adequate. In con-
trast, 80 % of industry respondents said pre-application advice was inadequate. 
However, when asked about their utilisation of various supporting documentation, 
the majority of industry respondents said the resources available were suffi cient, 
appropriate and in the main useful. Nevertheless, a number of respondents from the 
Industry survey and the case studies pointed to the need for information on WSUD 
options that include:

•    Long term maintenance and management issues with each option.  
•   Worked examples for different solutions in different contexts.  
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•   Regular updates of the STORM tool because it is currently out of date – in terms 
of the WSUD solutions it supports, particularly with reference to plumbing of 
rainwater tanks to internal uses.  

•   A single ‘point of call’ for all consultants, developers and council staff to refer to 
across the State.  

•   Standardised solutions – to ease compliance, with solutions that are relatively 
‘simple’ to construct and maintain, have a reasonable life cycle cost and provide 
multiple sustainable stormwater management benefi ts including on-site deten-
tion where this is required.    

 On the latter point, two illustrative examples from industry:

  Have a set of ‘off the shelf’ design solutions and educate Councils when and how these can 
be applied. For example we now have many cases for infi ll development where we seek to 
utilise rainwater tanks to fulfi l a storm water quality and retardation function - some 
Councils promote this and others accept this concept (and the science behind it) whereas 
some Councils don't accept this at all. The science is the same in every case so this is just 
an attitudinal issue. Same goes with other good ideas that get stonewalled. Industry 
respondent. 

 While a standardised WSUD guideline (which includes the current WSUD guideline infor-
mation plus recommended MUSIC inputs/checklists, soil/media parameters and design 
recommendations, maintenance schedules and checklists, details on hydraulic calculations 
etc) would make innovation less attractive in the short-term, I believe it would improve the 
acceptance among LGAs (especially in regional Victoria) of WSUD measures. The accep-
tance and encouragement of WSUD will ultimately lead to innovations which at this stage 
are not feasible. Industry respondent. 

      Uncertainty About, Long Term Management and Maintenance Costs 
of the Built Infrastructure and the Absence of a Market for WSUD 

 As previously indicated, there is considerable variation in the perceptions and imple-
mentation of Clause 56.07-4 across councils; some councils have increasingly inno-
vative approaches to WSUD, while others are lagging. This research highlighted one 
particular concern – the costs of maintaining WSUD assets – that contributes signifi -
cantly to a reluctance amongst councils and developers to comply with Clause 56.07-
4. The survey of councils found that three-quarters (74 %) of council staff consider 
the cost of maintaining WSUD assets as a barrier to the successful implementation of 
Clause 56.07-4. Nearly three-quarters (73 %) of industry respondents agreed or 
strongly agreed that there was little appetite amongst councils to pursue WSUD, with 
a number indicated that concerns around maintenance costs was a contributing fac-
tor. Interestingly, almost the same number (76 %) of industry respondents consider 
WSUD to be expensive to design, construct and maintain. 

 On a related point, the overwhelming majority of industry respondents indicated 
that, in their experience, councils did not have effective asset management and 
maintenance programs in place for constructed WSUD. 

 Critically, almost all (93 %) of industry respondents ‘agreed’ or ‘strongly agreed’ 
with the notion that ‘there are limited incentives for developers to pursue best- practice 
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WSUD’. In interviews with industry stakeholders, there was keen interest in establishing 
an annual prize for innovative WSUD, in the hope that such a prize and publicity 
surrounding it would stimulate market demand. 

 Clearly, state-wide implementation of Clause 56.07-4 will not be achieved until 
the cost concerns – from a supply and demand perspective – of WSUD assets are 
addressed.   

4.3.2     Barriers in the Planning Application and Approval Phase 

   Lack of Adequate Processes Within Councils to Successfully Implement 
Clause 56.07-4 

 The research highlighted a number of barriers around the processes and capacity 
within councils to successfully implement Clause 56.07-4, including:

•    A lack of suffi cient resources and technical expertise within councils to review 
submitted plans and for construction oversight.  

•   Unclear coordination between the building approvals system for planning 
 permits with on-site WSUD.  

•   Internal planning approval processes which fail to incorporate all the signifi cant 
functions within councils i.e. asset managers, landscape architects, parks and 
maintenance staff, etc.  

•   Variable attitudes within and between the various functions in council around the 
rationale, and appropriate solutions for, WSUD.    

 Overall, industry respondents were sceptical about the adequacy of council pro-
cesses to support implementation of Clause 56.07-4.  

   Lack of Enforcement 

 Related to the defi ciencies of planning processes within councils, is the more gen-
eral but no less signifi cant failing of enforcement powers in Clause 56.07-4. At 
present, there are no punitive measures in place if a development does not comply 
with Clause 56.07-4. As one council respondent put it:

  “Should” requirements do not hold up in VCAT 3  

   That same respondent went on to say,

  Please do something with the clause. Planners across the state will continue to fi ght an 
uphill battle until Government takes an assertive stance to do something. 

   Interestingly, 25 % of industry respondents said they had had a subdivision 
application refused because it didn’t fully comply, while 43 % of respondents said 

3   VCAT is the Victorian Civil and Administrative Tribunal. 
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they had not had a subdivision application refused despite the fact that it did not 
comply. The remaining proportion indicated they had never been in that position.   

4.3.3     Post-planning Approval Phase 

   Lack of Oversight and Auditing of Construction Phase 

 Of all the issues raised throughout the course of this research, the challenge of over-
seeing construction, management and maintenance of WSUD assets was the most 
prevalent from councils and industry. Industry responses – through interviews and 
the on-line survey – revealed signifi cant distress about the willingness and capacity 
of councils to manage and maintain the built infrastructure once it has been handed 
over to councils. Several interviewees referred to the assets as being ‘orphaned’ or 
‘lost’ assets, owing to the inability of councils to look after them. One respondent 
stated,

  It is quite distressing to design and construct a feature, which complies with the law, only 
to drive past that asset a year later to see that what was once a bioretention pit is now being 
used as a car park. 

   Another broader policy stakeholder related the following anecdote,

  I had one phone call from a resident asking whether her children could swim in the retention 
pit in her development. I say ‘no!’, but clearly there is a complete lack of awareness or 
understanding in the public about what these assets are for… 

   Concerns around ongoing maintenance and management of WSUD infrastruc-
ture also raised the issue of council staff (often parks staff) receiving training in 
asset maintenance. This comment illustrated the issue:

  Further education of local government in maintenance challenges, managing handover 
expectations and creating a more practical understanding of the transition from construction 
of subdivisions to construction of homes on lots. Control of silt / run off from individual 
building sites by local government is an ongoing issue which Councils tend to ignore and 
push the cost of maintenance back onto the developer rather than policing their streets 
properly. Industry respondent. 

5            Discussion 

 Based on the experience in Victoria, Australia, the research fi ndings presented in the 
previous section provide a comprehensive overview of the challenges of implement-
ing a key feature of WSUD. Importantly, the research provided insight across all 
three stages of the planning phase, thus highlighting critical issues that need to be 
considered before, during and after the planning assessment phase. While the 
research was focused specifi cally on the experience in Victoria, the fi ndings reso-
nate with, and have implications for, the design and implementation of WSUD in 
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other jurisdictions. In this section we discuss four broader ‘lessons’ from the 
Australian case study that could prove useful for other cities attempting to introduce 
WSUD. 

  Lesson 1: The Need for Clarity and Consistency in Roles, 
Responsibilities, Expectations and Policy Intent 
 There is a very great need to provide clarity and consistency in key policies, strate-
gies, plans, and regulations, as well as around the roles and responsibilities of agen-
cies and departments with respect to WSUD. A key strength of the Victorian system 
is the use of a single set of numerical performance measures for designing and 
assessing the (theoretical) success of WSUD, and the software to measure compli-
ance. The wide acceptance of these measures has eliminated any ambiguity about 
the minimum performance requirements of projects, although the measures now 
need to be revised or expanded to take account of the fuller possibilities of inte-
grated water management. 

 Despite the success of the state-wide performance measures, the regulatory 
drafting has been ad hoc and this has resulted in a patchwork system of compliance, 
where the performance measures are mandated for residential subdivision only and 
a number of local councils have introduced policy guidance for other land use types. 
Industry participants as well as councils have indicated a preference for consistent 
requirements for all development applications. The skills required to develop appro-
priate WSUD solutions are transferable across developments, as the same principles 
are applied in each case. Indeed, an expanded repertoire of designed, constructed 
and tested solutions would accelerate the expertise available within the industry. 

 Most importantly, the policy and institutional settings must support the overall 
desired strategic policy outcomes. Implementation can be assisted when there is a 
single lead agency with responsibility for setting policy and arbitrating on policy 
questions. There can be a positive opportunity for knowledge transfer where differ-
ent agencies operate in the same policy or geographic space, however, at the same 
time, if confusion arises about roles and responsibilities this sets the scene for con-
fl icting advice and ‘buck-passing’ between organisations. Assessing the ‘best fi t’ 
roles and responsibilities may require overturning traditional organisational (and 
industry and public) assumptions of legal status and power to successfully underpin 
WSUD policy with new institutional governance arrangements.  

  Lesson 2: The Need for ‘Fit-for-Purpose’ Information and Resources 
 There are a number of activities that can strongly support the implementation of 
WSUD. The fi rst port of call for those assessing approvals should be a comprehen-
sive resource (such as a dedicated web site) to ensure the statutory provisions and 
compliance assessment requirements are well understood. While recognising a 
range of professions will be involved, the statutory assessor bears the responsibility 
for ensuring integration across disciplines as well as integration of WSUD with 
other regulatory requirements, e.g. siting, lot coverage, vegetation protection or 
landscaping provisions. Clarity for the assessor is essential, and only when the stat-
utory issues are spelled out are the guidance provided by case studies and technical 
manuals of benefi t. 
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 Where it is possible to provide standardised solutions (‘deem to satisfy’), this can 
assist both smaller developers and councils with limited access to experienced 
designers and reviewers of WSUD. Clearly standardised solutions will need to take 
account of a number of factors such as technical design to ensure quality in terms of 
compliance and functionality, construction ease and cost, maintenance regimes and 
cost, and what role each device can play in delivering WSUD objectives for particu-
lar sites, including stormwater storage and use. Well targeted training courses are 
also essential with a focus on the professional skills needed to select appropriate 
solutions for each case, design, construct and maintain WSUD devices, and negoti-
ate ‘fi t for purpose’ outcomes that further the strategic policy objectives. Certifi cation 
by third parties should also be explored. 

 Confl icting objectives will need resolution, i.e. use of recycled waste water v 
stormwater, lot based solutions v precinct solutions. The preferred approach will 
depend on local conditions and the availability of alternative water supplies. Ideally 
this should be resolved for nominated geographic locations ahead of development 
to provide certainty for councils, applicants and water authorities.  

  Lesson 3: The Need to Understand, and Account for, Costs 
and Market Drivers 
 The cost of ongoing maintenance for WSUD has become a signifi cant stumbling 
block for some council jurisdictions where the maintenance costs are starting to be 
keenly felt as construction of WSUD, and particularly decentralised WSUD, is grow-
ing. There is no cost recovery mechanism for councils to fund the added infrastruc-
ture responsibility. Maintenance problems will persist until the industry gains more 
experience with WSUD lifecycle costs and councils are experienced enough to reject 
poorly designed and constructed devices which require greater investment to main-
tain (hence one reason for the interest in standardised designs). The effectiveness of 
the design and construction process, and potentially identifi cation of additional 
maintenance resources, needs greater attention if policy makers are to overcome lin-
gering resistance to WSUD and reduce the longer term cost burden to councils. 

 Land developers identifi ed the lack of a well-developed consumer housing mar-
ket that values environmental sustainability, and is willing to pay for it, as an imped-
iment to doing more than is required for project approval. This is of note given the 
desire to expand WSUD requirements more broadly from a regulatory perspective 
and integrate stormwater more closely with other water sources. The benefi ts of 
using new technologies to deliver environmental improvements in stormwater run-
off and the creation of a more diverse water supply from local resources is rarely 
mentioned in public discussion, by governments, news agencies and public fi gures. 
Raising public awareness about the benefi ts of WSUD would assist developers to at 
minimum recover costs for the environmental improvements they incorporate in 
their projects.  

  Lesson 4: The Need for Integrated Strategic and Statutory Planning 
 While this case study explored one particular aspect of WSUD, the full scope and 
potential of WSUD requires that both strategic and statutory planning be fully 
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integrated. Beginning with the strategic design of catchments, townships, suburbs 
and neighbourhoods, through to the approval of infi ll developments in built up 
areas, a sustained focus on WSUD can ensure that its delivery is integrated with a 
full range of resource allocation objectives, and that WSUD assists the delivery of 
the broader planning objectives that are to be achieved for the area. At its most 
effective, WSUD encourages involvement by the natural resource and built environ-
ment professionals. At the council level, a number of council offi cers will need to be 
involved including the planner, WSUD engineer, sustainability offi cer, landscape 
architect and architect.   

6     Conclusion 

 The core objectives and features of WSUD simultaneously address population and 
environmental pressures and climate variability – challenges that affl ict all cities 
and built environments around the world. Indeed, if it were to be implemented to its 
fullest extent, WSUD would fundamentally transform the way cities are designed, 
perceived and experienced. Yet, as with all new ideas that advocate a radical depar-
ture from the status quo, the barriers to implementation can range from being fi erce, 
complex and daunting on the one hand, to frustrating and mundane on the other. 

 To recall, our purpose in this chapter was to identify and understand the chal-
lenges that exist in implementing one element of WSUD – stormwater manage-
ment. The case study revealed overwhelming awareness of, and support for, this 
particular feature of WSUD, amongst industry, government and stakeholder groups. 
Given the relative ‘newness’ of the idea, this fi nding is extremely positive and bodes 
well for the concept as a whole. However, the case study also exposed a range of 
impediments to the successful implementation of distributed stormwater manage-
ment, and the four lessons described in the previous section provide a succinct sum-
mary of our fi ndings. The impediments we identifi ed are not unique to this one 
element of WSUD, nor are they likely to be unique to this particular case study. 
Indeed, many of the barriers discussed can usefully be described as ‘capacity’ 
issues, including fi nancial, human and technical issues, to varying degrees. Similarly, 
we identifi ed underlying defi ciencies in the system that result in confl icting policies 
and ad hoc application of laws, and ambiguity around the roles and responsibilities 
of key agencies. Arguably, such capacity issues are easily dealt with if the will is 
there, but as with all things involving systems and people, the road is a long one, 
most likely generational. 

 The fi ndings of this case study demonstrate that as with all signifi cant change, 
there must be a strong, almost idealistic, commitment when introducing a new con-
cept such as WSUD, a willingness to embrace change, to capitalise on success and 
learn from failures, and to fi nd unifying measures for bringing the stakeholders 
together to work toward a common goal.     
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     Chapter 28   
 How Does Energy Effi ciency Affect Urban 
Water Systems? 

             Steven     J.     Kenway      and     Paul     A.     Lant    

1            Introduction 

 Between 2005 and 2007, fi ve major Australian cities faced crisis-level shortages of 
water. Headlines warned of “Armageddon”; cities had to “desalinate or die” (Stolz 
 2007 ; ABC News  2007 ). Climate change was widely held responsible (Howe et al. 
 2005 ; Bernstein et al.  2007 ; WSAA  2005 ). 

 The ‘millennium drought’ crisis spawned a signifi cant surge in urban water 
infrastructure investment. In 2005–06, a then record AU$2.4 billion was invested in 
major cities alone for water (and wastewater) infrastructure. Most funding was 
aimed at increasing the proportion of climate-independent sources such as desalina-
tion or wastewater reuse (WSAA  2008 ). This investment grew to almost $4 billion 
in 2007–08, and over $7 billion in 2008–09. Expenditure for 2009–10 was forecast 
as greater than $14 billion (WSAA  2009 ), but stabilised around $7 billion, exclud-
ing the Melbourne desalination plant (National Water Commission  2011 ). 1  

 Between 2008 and 2013, rainfall alleviated water shortages in eastern and south-
ern Australia. Full water storages have reduced the pressure for investment or man-
agement action, but a new challenge has emerged. The energy demand for water in 
Australian cities is anticipated to grow to 200–250 % of 2007 levels by 2030 
(Fig.  28.1 ) (Kenway and Lant  2011 ; Kenway et al.  2008 ). The primary drivers of 
this increase are the shift to energy-intensive sources of water, such as desalination, 
coupled with expected population growth. Typically, desalination requires around 
4.5 kWh of electricity to produce, at sea level, one cubic meter of water. In 2006–07, 

1   Estimated at around AU$4 billion. 
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established capital city water supply options in Australia used under 1.0 kWh/m 3  of 
supplied treated water (Kenway et al.  2011b ).  

 An increase in energy use for urban water supplies is one problem. But when this 
increase in energy is added to an expected rise in electricity costs ($/MWh), the 
energy bill for urban water is anticipated to increase 600–800 % for most Australian 
states (Cook et al.  2012 ). This now represents a signifi cant business risk to the 
Australian water sector (Victorian Water Industry Association  2011 ). Ultimately, 
these cost increases have to be incorporated into water prices and passed on to 
consumers. 

 To compound the challenge, in December 2007 Australia ratifi ed the Kyoto 
Protocol. This established a national long-term goal to reduce greenhouse gas 
(GHG) emissions 80 % below 2000 levels by 2050 (Australian Government 
Department of Climate Change and Energy Effi ciency  2012 ). This means that if the 
water sector was to contribute proportionately, then energy use for urban water must 
be reduced by more than 90 % from the projected 2030 levels. Alternatively, an 
equivalent cut to the GHG emissions of the energy sources traditionally relied upon 
needs to be achieved. 

 How are these challenges to be met? And what will be the implications for our 
urban water systems? It is timely to look at water–energy connections. This is 
because understanding links between water and energy may well help fi nd practical 
solutions to reduce water-related energy use and cost. This chapter draws on recent 
research to outline the broad anticipated directions for management of ‘water- 
related energy’ in cities.  

  Fig. 28.1    The challenge:  reduce energy use for water and wastewater services by more than 90 % 
of the 2030 forecast (Source: Kenway ( 2012 )). Here, the 2050 energy target assumes no change in 
the greenhouse gas emission intensity of fuel used; the target arbitrarily shows water and wastewa-
ter in proportion to the 2030 forecast       
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2     The Opportunity of Cities 

 Cities offer considerable scope for solving many problems of resource effi ciency 
(O’Meara  1999 ). In part, this is because large fl ows of water, energy, and materials 
pass through cities; it is also because they are centres of investment and change. 

 Cities are continually being redesigned and recreated. Australia anticipates a 
future in which an increasingly large proportion of the population resides in cities. 
In 2006, 68 % of the Australian population of 21 million people lived within major 
cities (ABS  2006 ), and around 90 % live in urban settings (PMSEIC  2010 ). This 
population is expected to grow to 25–33 million by 2050 (ABS  2006 ), the majority 
of which will live in major cities. This growth will intensify Australia’s urbanism 
and have major implications for infrastructure and related investment decisions. The 
substantial new infrastructure and redevelopment anticipated in our cities offers the 
chance of solving emerging water and energy problems. Well planned and governed 
cities could play a central role in decoupling high quality of life from high energy 
and water consumption – and high rates of GHG emissions. 

 There is currently poor understanding of how ‘urban systems’ perform. Even 
basic statistics, such as population, can vary by millions of people depending on 
defi nitions adopted Sattherthwaite et al. ( 2008 ). For more complex attributes such 
as energy or GHG emissions, knowledge is even patchier (Kennedy et al.  2007 ). 
This has fl ow-on effects for the design and management of our cities. Sattherthwaite 
( 2008 ), also notes the central role that well planned and governed cities could play 
in delinking high quality of life from high energy and materials consumption, and 
GHG emissions. 

 Despite the importance of water-related energy in cities, there has been a lack of 
conceptual and analytical models addressing links between the two resources 
(Conrad et al.  2011 ). Energy effects have to-date typically been ignored when water 
decisions are made, particularly during water ‘crises’. Improved understanding of 
water-related energy in cities is necessary for management to improve.  

3     Quantifi cation of Water-Related Energy in Cities 

 To understand water-related energy in cities, it is helpful to consider both the  direct  
and  indirect  energy. In this work, the perspective of  direct  energy is adopted from 
that of water utilities.  Direct  energy impacts occur, for water utilities, when water or 
wastewater is pumped or treated.  Indirect  energy is considered, for this paper, as 
energy outside the domain of water service providers that is associated with water. 
For example, this includes energy use associated with water consumption. Other 
authors may use the terms differently (deMonsabert and Liner  1998 ). 

  Indirect  energy impacts are diverse. They can include energy associated with 
(i) water supply other than from utilities; (ii) water use; and (iii) resource loss. 
Energy impacts associated with other water sources, for example, include the use of 
 rainwater tank pumps, high rise pumping, or creating and transporting bottled water. 
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 Energy impacts associated with the use of water include heating, cooling, and 
pressurising water in homes, industry, commerce, and government. More complex 
indirect connections exist via fl ows of carbon, nitrogen, and phosphorus resources 
in wastewater. Energy is needed to return these elements, typically discharged as 
wastes, to productive purposes. There are also energy consequences of water relat-
ing to the urban heat island effect (warming in the core of cities), in the production 
of food in cities, and elsewhere. 

 The  indirect  infl uences of water on energy are very substantial. In 2006–07, 
water-related energy associated with urban water provision, use, and related 
resource fl ows accounted for 6,811 GWh/annum of  primary (thermal) energy use 
per million people in the ‘average’ Australian city (Fig.  28.2 ) (Kenway et al.  2011b ). 
This is 6,811 kWh of thermal energy per person: equal to the electricity consump-
tion of running 23 compact fl uoro light bulbs of 11 watts each (that is, 253 W), 24 
hours a day, 365 days a year. Collectively, this water-related energy adds up to 13 % 
of Australia’s natural gas consumption plus 18 % of its electricity consumption, and 
accounts for 9 % of the equivalent primary energy use and 8 % of the GHG emis-
sions in Australia in 2006–07 (Table  28.1 ). 

   In the average Australian city (Fig.  28.2 ), energy associated with residential 
water use comprises 45 % of water-related energy, while water use in the commer-
cial and industrial sectors accounts for 41 %. Consequently, water end-use appears 
to be the dominant process affecting water-related energy in cities. Utility energy 

  Fig. 28.2    Water-related primary energy use in the average Australian city, based on average data 
for major capital cities (Sydney, Melbourne, Brisbane, Adelaide, and Perth). GWh-th is thermal (as 
opposed to electrical) energy use. Three units of thermal energy are approximately equal to one 
unit of electrical energy (Source: Kenway ( 2012 ))       
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use for water and wastewater service provision accounts for 10 % of the total ‘water- 
related energy’. The water component of the urban heat island effect, and energy 
related to resource loss (such as carbon, nitrogen, phosphorus, and potassium), 
account for the balance of energy use and emissions (around 4 %). 

 To compare energy use when different fuels (such as electricity and natural gas) 
are used requires conversion of energy to primary energy equivalents (Gleick and 
Cooley  2009 ). In a typical thermal power plant, three units of thermal energy (e.g. 
coal) are required to produce one unit of electrical energy. Two units of energy are 
lost at the power plant as heat up the stack. Comparing water-related energy in cities 
with the energy use of other Australian sectors (Fig.  28.3 ) shows that water-related 
energy in cities is around fi ve times the direct energy use of Australian agriculture 
(excluding transport).  

 Given the signifi cance of water-related energy in cities, it is unusual that it is not 
more widely considered, monitored, or managed. Part of the reason is undoubtedly 
due to the fragmented management responsibilities (i.e. it is a cross-sectoral issue). 
As a consequence, many relevant datasets and information are fragmented. However, 
part of the reason is also likely to be the lack of conceptual and associated analytical 
frameworks for understanding or quantifying water-related energy. Frameworks are 
also needed for dealing with ‘organisational’ or ‘urban’ performance.  

   Table 28.1    Water-related energy in cities and average Australian energy use and GHG emissions 
per million people (2006–07)   

 Comparative area  Units 
 Water- related 
in cities 

 Average 
Australian use 

 Proportion 
of Australian 
average (%) 

 Electricity use  GWh-e  1,379  10,476  13 
 Natural gas use  GWh-th  2,675  15,154  18 
 Primary energy use  GWh-th  6,811  76,384  9 
 GHG emissions  CO 2 -equiv. (1,000 t)  1,914  24,239  8 

  Note: GWh-e is GWh of electrical energy use; GWh-th is GWh of thermal energy use. About 3 
GWh-th is required to produce 1 GWh-e (Source: Kenway et al. ( 2011b ))  

0 5,000 10,000 15,000 20,000 25,000 30,000

Water-related energy in cities
Agriculture

Transport - including household and industry share
Industry - excluding transport

Residential (Households) - excluding transport
Commercial and Public Services

Non-energy

GWhth/1,000,000 people in 2008

Direct primary energy use Primary energy use embedded in electricity use

  Fig. 28.3    Water-related energy use in Australian cities in 2006–07 per million people (horizontal 
scale) apportioned by sectoral energy use for the Australian economy in 2008 (bars). Sectoral 
source is from IEA ( 2011 ), with sectors adding up to Australia’s primary energy use; data source 
for water-related energy is Kenway et al. ( 2011b )       
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4     Frameworks for Understanding Organisational and Urban 
Performance 

4.1     Organisational Performance and Management of 
Water- Related Energy 

 Many sustainability assessment frameworks, such as the Triple Bottom Line or The 
Natural Step, help organisations identify and reduce their individual impacts, such 
as their energy use. However, such frameworks typically say relatively little about 
the broader impacts of the system within which those organisations play a role. A 
number of authors think this is about to change, and that governments and industry 
will increasingly report, and then take responsibility for, upstream (supply-related) 
and downstream (product-related) impacts, in addition to their often more limited 
operational impacts (GRI  2005 ; Heemskerk et al.  2002 ). 

 This widening of responsibility is not only due to a desire for environmental 
stewardship, but also to manage business risks. If one component of an organisa-
tion’s supply chain is unsustainable, there is likely to be a serious consequence to 
the organisation. As a result, awareness or recognition of the wider ‘system’ is 
likely to have increased interest and relevance. But what is the system? And what is 
its boundary? 

 Many water organisations, who currently actively manage their own direct 
energy impacts, are (A) unaware of the wider energy use, yet (B) infl uenced indi-
rectly by their own operations or decision making (Fig.  28.4 ). Considering possible 
future states, one pathway may involve an organisation reducing its own energy use, 
yet the pathway may lead to increased energy use of the system that it supports (e.g. 
Pathway 1 in Fig.  28.4 ). Conversely, futures are possible where the organisational 
energy use grows, yet the energy use of the total ‘system’ reduces (Pathway 2). 
Futures also exist where both utility energy use and wider water-related energy use 
both decrease (Pathway 3).  

  Fig. 28.4    The effect of 
‘boundary’ placement on 
sustainability performance, 
from Kenway ( 2012 )       
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 According to French and Geldermann ( 2005 , 2007), placement of the boundary 
unequivocally affects what is the ‘best’ option. Several authors note the importance 
to research conclusions of where the ‘system boundary’ is placed (Satterthwaite 
 2008 ; Decker et al.  2000 ; Flower et al.  2007 ; French and Geldermann  2005 ). System 
boundary defi nition is a critical fi rst step in modelling analysis (Sterman  1991 ). 
Without knowing the boundary, it is impossible to know which factors should be 
included in, or excluded from, analysis. Despite its importance, the boundary defi ni-
tion for cities appears absent from many discussions.  

4.2     Connecting Water-Energy and Energy to Urban 
Performance 

 Water and energy are intertwined in the supply of water to cities, as well as in the 
use and disposal of wastewater (Fig.  28.5 ). Currently, the management of the water, 
energy, and material fl ows through cities is undertaken in isolation. There is little or 
no recognition that in solving one problem, another may be created. For example, 
we may improve the water system to perform from level B to level A by using a lot 
of energy. However, another problem may be created, for example, shifting the 
energy performance from level C to level D. Here, A, B, and C are indicative of 
levels of performance, with A being good and B, C, and D progressively poorer 
levels of performance.  

 Compartmentalising the performance of cities into many smaller indicators 
(such as water supplied, energy used, wastes recycled) currently means that 
decision- making in each sector is also narrowly focused. No consideration is cur-
rently given to the overall effi ciency of the city. Rather, performance assessments 
are more commonly found at the levels of organisation, state, or nation. 

  Fig. 28.5    The current paradigm: urban performance is managed in a fragmented way. Performance 
indicators are not aligned or co-ordinated, even though water and energy are interconnected out-
side and also within cities (Source: Kenway ( 2012 ))       
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 Newman et al. ( 1996 ) articulate two critical, and equally important, principles of 
urban design and management. The fi rst is to reduce fl ow-through of resources. The 
second is to maintain or improve human liveability and ecosystem health. Several 
authors (e.g., Sahely et al.  2003 ; Tambo  2002 ) present similar arguments. Clearly 
such goals create great challenges for the design and management of our cities. In 
order for us to meet these challenges it is likely that we will need to develop new 
models to conceptualise and analyse existing problems and evaluate potential solu-
tions. Urban metabolism is one such model.   

5     How Can the Concept of Urban Metabolism 
Support Better Understanding and Management 
of Water-Related Energy? 

 Urban metabolism is a conceptual model used to describe and analyse fl ows of 
materials, including water and energy, within cities (cf. Newman  1999 ; Wolman 
 1965 ; Decker et al.  2000 ). At its simplest, urban metabolism considers the mass 
balances of all materials fl owing into and out of urban systems (Sahely et al.  2003 ). 
At its most complex, the concept draws on the rich metaphor that cities can be con-
sidered organisms (Wolman  1965 ; Decker et al.  2000 ). 

 Using the wider metabolism metaphor, we can start to consider the water and 
wastewater systems as the arteries and veins of the city. Water and wastewater treat-
ment plants are akin to the kidneys and liver. Some benchmarking is already hap-
pening, comparing the ‘organs’ of the city with natural systems. For example, the 
performance effi ciency of wastewater treatment plants has been compared with the 
kidneys (G. Leslie, 2009, personal communication). 

 The idea of urban metabolism was fi rst put forward by Abel Wolman ( 1965 ) with 
the core intent of addressing contemporary urban resource issues. He suggested 
metabolism was a means of simultaneously addressing the problem of “shortages of 
water and the pollution of water and air” as well as the call for “public economic 
decisions”. Wolman defi ned urban metabolism as all the materials and commodities 
needed to sustain a city’s inhabitants at home, work, and play. This included the 
construction materials needed to build and rebuild the city. 

 Decker et al. ( 2000 ) used metabolism as a framework to evaluate the fl ows of 
energy, water, and materials through megacities. They suggested that consider-
ation of water in the metabolism of cities should be a priority, because of its 
dominance in the material fl ows of a city. Fischer-Kowalski et al. ( 1998 ) argue 
that the concept of urban metabolism has become one of the most powerful 
paradigms and interdisciplinary concepts for the empirical analysis of the soci-
ety–nature interaction. 

S.J. Kenway and P.A. Lant
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5.1     Application of Metabolism Theory: A Water Mass Balance 

 In order to apply a small part of urban metabolism theory, a metabolic water mass 
balance was developed and applied to four Australian cities (Kenway et al.  2011a ). 
The cities selected were experiencing signifi cant drought at the time. The system 
boundary was defi ned to include typical intensive land use classes: residential, man-
ufacturing, industrial, transport, waste treatment and disposal, and intensive horti-
cultural activities. Collectively, this area represented the ‘demand area’ where water 
is consumed. It also generally represents the area of highest proportion of impervi-
ous surfaces where most stormwater is generated in the city. The boundary focused 
from 1 m above the roofl ine and tree canopy to 1 m below ground. For this bound-
ary, all natural (e.g. rainfall, evapotranspiration) and anthropogenic (e.g. piped 
water) fl ows were quantifi ed. 

 The analysis identifi ed large fl ows of water, which passed, typically unaccounted, 
through the cities (Fig.  28.6 ). This included appreciable fl ows of rainfall, stormwa-
ter, and wastewater. The water mass balance demonstrated that our cities are not 
taking advantage of signifi cant water fl ows. For example, all cities demonstrated 
that rain falling on them was at least 250 % of the demand for centralised water. The 
potential for wastewater fl ows to meet total water demand was 26–86 % of the 
demand for centralised water supply. The potential for stormwater recycling to meet 
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  Fig. 28.6    Water mass balances of four Australian cities/metropolitan areas 2004–05 (Data from 
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demand was 47–104 %. The approach also demonstrated large inter-city variation 
(Table  28.2 ). For example, in 2004–05, Perth used 44-fold more rainfall harvesting 
than other major Australian cities, largely due to its use of local groundwater. 

   In the four urban water systems evaluated, water reuse was 1–4 % as a proportion 
of total water inputs from centralised and decentralised supplies (Table  28.2 ). In 
contrast, the human body reuses water some 20 times (2,000 %), at various quali-
ties, in order to conserve both water and energy and thermo-regulate ‘the system’ 
(Tambo  2002 ).  

5.2     Implications of the Water Mass Balance for Water-Related 
Energy Use 

 In the future, much more water is likely to be harvested locally within cities. The 
drivers will include growing water use (largely due to growing populations), higher 
costs of distributing water, and the emergence of suitable technologies and policy 
frameworks encouraging use of more locally sourced water. For example, the pro-
jected water supply growth for greater Adelaide from 2014 onwards is dominated 
by planned increases in wastewater and stormwater use, as well as achieving 
improved water use effi ciency (Government of South Australia  2009 ). 

 Stormwater, rainwater, and wastewater can often be used as water supply options 
at lower energy costs than other options, such as desalination or transporting water 
from distant sources. This is particularly the case if end uses require lower quality 
water, thereby avoiding substantial treatment. However, the high energy demand of 
some small (decentralised) systems or ineffi cient designs (Retamal et al.  2009 ) 
means that low energy use is not necessarily always achieved. System design is 
critical for reducing energy use. For example, rainwater tank systems can be 
designed to use less than 0.2 kWh/m 3  if they utilise header tanks, low pressure 

    Table 28.2    Summary water balance performance in four Australian cities (2004–05)   

 Rainfall 
harvesting 
(%) 

 Rainfall 
potential 
to meet 
supply (%) 

 Wastewater 
proportion of 
water use (%) 

 Stormwater 
proportion of 
water use (%) 

 Reuse proportion 
of anthropogenic 
water input (%) 

 Sydney  0.1  257  86  76  1 
 Melbourne  0.5  322  79  68  4 
 Brisbane + Gold 
Coast a  

 0.1  273  48  104  2 

 Perth  22  397  26  47  1 

   a The urban footprint of these two areas was considered representative of South East Queensland 
(SEQ) because it accommodates the majority of the population in the area (Data from Kenway 
et al. ( 2011a ))  
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pumps, and reconfi gure toilet valves to operate under low pressure (Cunio and 
Sproul  2009 ). The energy required for wastewater reuse can be reduced if land use 
planning allows industries able to use recycled water to be located close to its point 
of production. Similar scenarios are likely to exist for stormwater harvesting. 

 Knowledge of full urban water balances helps quantify other energy-relevant 
aspects of urban design such as: (i) improved quantifi cation of the urban heat island 
effect, (ii) potential for energy generation (e.g., micro-hydro), and (iii) potential for 
thermal storage and recovery. 

 Finally, understanding the full urban water balance is vital for comparing water- 
related energy demands from city to city. To take one example, the mass balance 
revealed major inter-city differences in decentralised water use. Consequently, in 
cities using a large proportion of decentralised water supply, it would be essential to 
consider the energy-demands associated with those fl ows. For example, 46 % of 
Perth’s water supply is sourced from decentralised ground water sources. These 
supplies have considerably different energy demands to water supplied from other 
sources such as desalination. 

 Future urban water strategies will improve energy effi ciency if they (i) quantify 
and consider all urban water fl ows, and (ii) identify how the overall balance (includ-
ing end-use) affects the system’s energy use.   

6     Transitioning Urban Water Systems to Reduce 
Water- Related Energy 

 A number of measures can be implemented to reduce the energy demand of existing 
urban water systems. Far more measures can be implemented to improve our knowl-
edge of water-energy linkages so that management in the future can achieve greater 
levels of effi ciency. 

6.1     Reducing Water-Related Energy in Current Systems 

 Many steps can be taken now to reduce water-related energy use. Many Australian 
utilities are working on a range of strategies such as replacement of ineffi cient assets 
(often pumps) and optimisation of treatment and system management processes. 
Most water conservation strategies reduce energy use, both at the point of end-use, 
but also both in the upstream (water supply) and downstream (wastewater) systems. 
Conservation of hot water (e.g. for warm water within homes or steam within indus-
try) typically has greater energy conservation effects. 

 Increased recycling of wastewater, for conservation of both water and heat, is 
also now possible at household, district, and city scales. For example, ‘recirculating 
showers’ which treat and reuse water are now available and claim to reduce both 
water and energy use by up to 70 % of baseline. Energy recovery from sewers is a 
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relatively new technology which is having increased uptake. District heating 
 systems in many European cities now take advantage of waste heat from thermal 
power plants to provide cheap, clean heating to homes and industry. 

 In addition to direct ‘physical’ (technological) strategies, water-related energy 
use could be reduced with a range of technical and behavioural changes via a mix-
ture of programs or government instruments. For example, targeted information 
might communicate water use and related energy use. Financial incentives and pen-
alties for particular behaviours or patterns could be introduced. Water pricing could 
be structured to infl uence water use, and incentives provided to encourage the 
uptake of more effi cient technologies. 

 Further assessment is necessary to identify what are the most effective or acces-
sible areas to target, or which are the more effective policy interventions on the 
scales of households through to city. Consideration needs to be given to scales that 
include household, district, utility, and city. Least-cost analysis, and the production 
of cost-abatement curves comparing options within and beyond water utility bound-
aries, would be helpful. Gleick et al. ( 2009 ) point out that options which conserve 
water will likely out-perform those which encourage continued patterns of high 
usage. This is particularly the case in a future where water and energy are expected 
to be more expensive.  

6.2     Understanding and Managing Water-Related Energy 
in the Future 

 Measures are needed to understand, track, and communicate (i) water-related 
energy, and (ii) overall city water and energy performance. Broadly, these measures 
include: new frameworks, performance indicators, methods, datasets, and bench-
marking and targets. Using the improved information, optimisation studies are 
needed to inform blueprints for future development and related governance arrange-
ments and business models. Provided below are views, informed by an international 
workshop, on these changes (Kenway et al.  2013 ). 

 New  frameworks  are necessary to help conceptualise and analyse cities. 
Frameworks should be informed by total urban balances of water and energy to a 
consistent three-dimensional boundary (Fig.  28.7 ). Without a consistent metabolic 
boundary it is likely to be harder to fully understand the energy implications of 
water management or other urban strategies. Adoption of different boundaries could 
lead to inclusion or exclusion of very different sets of linkages, and consequently 
reach very different conclusions about the best solution. For example, if water- 
related energy in the urban water cycle is considered with, or without, the energy 
implications of end-use, approximately 90 % of the implications would be missed.  

 Frameworks should also consider performance of the overall system itself 
(the city) along with how individual components of the system, such as water and 
energy utilities, perform in a way which contributes to overall systems effi ciency. 
An example of such a requirement has been established by the new Minister for 
Water and Energy in Queensland, Australia, where the driver of regional outcomes 
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is embedded in the Statement of Obligations (Queensland Government  2013 ). 
Clause 3.4.3 requires the bulk water authority (Seqwater) to “collaborate with all 
regional bodies and authorities to achieve whole of region benefi ts … at least cost 
to the community”. 

 Urban metabolism appears to be a highly suitable starting point. This is because 
of (i) its foundation in mass balance of ‘an entity’, (ii) its apparent rich capacity for 
benchmarking urban systems with natural systems, and (iii) its highly multi- 
disciplinary nature, giving it relevance across both physical and social sciences. 

 Conceptual frameworks guide our selection and tracking of  performance 
indicators . For example, how do we know how well a city is performing with 
regard to water, energy, or other material fl ows? Similarly, how well is the city 
design and management achieving a high level of human well-being and ecosys-
tem health? It is possible for us to achieve a high level of urban performance 
(i.e. ‘A’s) for all indicators; achieving this, however, would require a truly multi-
disciplinary, multi- sectoral effort spanning government, industry, research, and 
community. 

 Guided by the conceptual framework, improved  methods  are needed to quantify 
(repeatably) not only water-related energy in cities but also all performance indica-
tors. For example, how can cities accurately know how much water-related energy 
is consumed by households, industry, business, and government? Such knowledge 
is essential so that management can recognise if its actions have been solutions that 
have addressed multiple problems simultaneously (such as water and energy), or 
have simply moved a problem from one domain to another. 

 Coordinated and inter-locking  datasets  are likely to be needed in order to enable 
such performance indicators to be tracked for water, energy, and other related mate-
rial fl ows. How can the myriad data sources which underpin an urban water balance 
(or urban greenhouse gas emissions) be rapidly assembled? 

  Fig. 28.7    The future paradigm: a framework for co-ordinated and more effi cient urban perfor-
mance management (for comparison with Fig.  28.2 ) (Source: Kenway ( 2012 ))       
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 Ultimately  benchmarking and targets  are necessary for cities. In the fi rst instance, 
cities can simply be compared with each other, realising that local conditions (such 
as climate and topography) have a substantial effect. Progressively, however, we 
speculate that cities should and could be benchmarked by exploring the metaphor 
that “cities are organisms”. The mass balance framework described in this chapter 
is routinely applied to the study of organisms. A water mass balance for an organ-
ism, such as a human or frog, is far easier than for a city, partially because organ-
isms have much clearer boundaries than urban systems – their skin. Benchmarking 
of the effi ciency of urban performance compared with organisms could help us 
understand if the city was functioning as effi ciently as a natural system shaped by 
the local environment and evolutionary pressures. The relative effi ciency of cities 
could give us some idea of the range of improvement that could be achieved. 
Quantities of ‘unused’ water fl owing through drought-stressed cities is one such 
indicator of performance relevant to dry environments. Such knowledge could con-
tribute to the redesign of cities and their water systems. 

  Optimisation  studies for water and energy management in cities is currently 
absent from the literature (Kenway et al.  2011c ). Cities and their component dis-
tricts, buildings, and systems will need to be progressively designed to achieve the 
highest levels of water and energy effi ciency. 

 Optimisation analysis could guide  blueprints  for urban futures such as regional 
and city plans and related building codes and standards. Optimisation studies, for 
example, could determine how to accommodate one million additional people at a 
certain quality of life, with minimum water and energy inputs. 

 Ultimately,  governance  arrangements need to be aligned to ensure systemic effi -
ciency through planning and regulatory mechanisms (e.g., regional planning and 
building approval processes), rather than simply effi ciency in individual system 
operations. 

 A wide and integrated suite of programs and measures, including complemen-
tary government policy instruments, is likely to be needed to progress change. 
Consideration of the overall institutional frameworks, governance arrangements, 
and business models for water and energy management in cities may also be 
necessary. Mechanisms for increasing the connection between service provision 
and revenue need to be strengthened. Likewise, decoupling dependence of reve-
nue on volumetric sales of water and energy (Lesh  2009 ) would provide alterna-
tives to governments for their continued dependency on high throughputs of 
water and energy.   

7     Conclusions 

 This work demonstrates how water-related energy in cities is (i) large, and (ii) 
able to be infl uenced by management. Water end-use dominates water-related 
energy. Energy used by water utilities, while signifi cant, is only a small, albeit 
growing, component of energy use in Australian cities. To enable an effi cient 
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overall system, managing the  indirect  (or hidden) energy component appears 
important. It is also expected to be important in fi nding least-cost urban water 
management solutions. 

 The concept of urban metabolism appears to provide a rich conceptual basis and 
context against which the water performance of cities could be investigated. It could 
lead to an accurate quantifi cation of ‘urban performance’. A water mass balance 
(metabolic) analysis has identifi ed large unaccounted water fl ows through four 
Australian cities that were all experiencing a water ‘crisis’. The mass balance also 
demonstrated major differences in the hydrological performance of the cities. The 
mass balance provides a foundation upon which other water-related balances, 
including water-related energy, could be based. 

 To improve management of water-related energy in cities, much change is nec-
essary – and possible. Many existing and new technologies can be deployed. 
Nevertheless, there is a need for a new and more fundamental framework for 
understanding water and energy in cities. The framework needs to include clear 
articulation of the ‘system boundary’. This will help identify new indicators, per-
formance reporting techniques, targets, and performance benchmarks. Ultimately, 
to enable the highest levels of effi ciency, new forms of management and gover-
nance of water and energy in cities may be necessary. 

 Wider use, understanding, and reporting of urban metabolism and the water–
energy nexus would be highly benefi cial to future urban management. It could 
change how we think about our cities and their water systems. We could view our 
cities as sources of water, and we could view our urban water systems as part of a 
solution to constraining energy and greenhouse gas emissions. Such thinking could 
lead to considerable changes in physical and institutional structures. As pointed out 
by Abel Wolman in 1965, there is no shortage of water or energy, but, we may add, 
fi nding new solutions requires long-term thinking.     

  Acknowledgements   The authors gratefully acknowledge the support given by the Urban Water 
Security Research Alliance, including the Queensland Government, CSIRO, the University of 
Queensland (including the School of Chemical Engineering and Advanced Water Management 
Centre), Griffi th University, and the Swiss Federal Institute for Environmental Science and 
Technology (Eawag). The support of the Smart Water Fund and Australian Research Council is 
appreciated. We are also grateful for the data provided by the Bureau of Meteorology, Seqwater, 
Queensland Urban Utilities, AGL, and Energex.  

   References 

   ABC News. (2007).  Beattie scraps water poll amid ‘Armageddon’ situation . 28 January.   http://
www.abc.net.au/news/2007-01-28/beattie-scraps-water-poll-amid-armageddon-situa-
tion/2180992    . Accessed 16 Dec 2013.  

     ABS. (2006).  Australian social trends 2006 . Canberra: Australian Bureau of Statistics.  
      Australian Government Department of Climate Change and Energy Effi ciency. (2012). National 

targets. In  Think change . Canberra: Australian Government.   http://www.climatechange.gov.au/
sites/climatechange/fi les/fi les/climate-change/national-targets.pdf    . Accessed Dec 2013.  

28 How Does Energy Effi ciency Affect Urban Water Systems?

http://www.abc.net.au/news/2007-01-28/beattie-scraps-water-poll-amid-armageddon-situation/2180992
http://www.abc.net.au/news/2007-01-28/beattie-scraps-water-poll-amid-armageddon-situation/2180992
http://www.abc.net.au/news/2007-01-28/beattie-scraps-water-poll-amid-armageddon-situation/2180992
http://www.climatechange.gov.au/sites/climatechange/files/files/climate-change/national-targets.pdf
http://www.climatechange.gov.au/sites/climatechange/files/files/climate-change/national-targets.pdf


630

    Bernstein, L., Bosch, P., Canziani, O., Chen, Z., Christ, R., & Davidson, O. (2007).  Climate change 
2007: Synthesis report. Summary for policymakers  (Serie Indicadores Ambientales, Vol. 10). 
Lima: CONAM. 71pp.  

    Conrad, S., Gelsenhoff, J., Brueck, T., Volna, M., Brink, P., Hall, M., Cook, S., & Kenway, S. 
(2011).  Decision support system for sustainable energy management . Denver: Water Research 
Foundation.  

   Cook, S., Hall, M., & Gregory, A. (2012).  Energy use in the provision and consumption of urban 
water in Australia: An update.  A report prepared for the Water Services Association of 
Australia .  Canberra: CSIRO.   https://www.wsaa.asn.au/WSAAPublications/Documents/
CSIRO%20WSAA%20Energy%20use%20in%20the%20consumption%20and%20provi-
sion%20of%20urban%20water%20in%20Australia.pdf    . Accessed 16 Dec 2013.  

   Cunio, L. N. & Sproul, A. B. (2009). Low energy pumping systems for rainwater tanks. In  Solar09,  
47th ANZES Annual Conference, Townsville, 29 Sep–2 Oct 2009.  

       Decker, E. H., Elliott, S., Smith, F. A., Blake, D. R., & Rowland, F. S. (2000). Energy and material 
fl ow through the urban ecosystem.  Annual Review of Energy and the Environment, 25 , 
685–740.  

    de Monsabert, S., & Liner, B. (1998). Integrated water and energy conservation modelling.  Journal 
of Energy Engineering, 124 , 1–19.  

    Fischer-Kowalski, M., & Huttler, W. (1998). Society’s metabolism: The intellectual history of 
materials fl ow analysis, part II, 1970–1998.  Journal of Industrial Ecology, 2 (4), 30.  

   Flower, D. J. M., Mitchell, V. G. & Codner, G. P. (2007).  The potential of water demand manage-
ment strategies to reduce the greenhouse gas emissions associated with urban water systems . 
In Proceedings, 1st conference on sustainable urban water management and 9th conference on 
computing and control in the water industry, Leicester, UK.  

     French, S., & Geldermann, J. (2005). The varied contexts of environmental decision problems and 
their implications for decision support.  Environmental Science & Policy, 8 , 14.  

     Gleick, P. H., & Cooley, H. S. (2009). Energy implications of bottled water.  Environmental 
Research Letters, 4 , 6.  

    Government of South Australia. (2009).  Water for good: A plan to ensure our water future to 2050 . 
Adelaide: Department for Water.  

    GRI. (2005).  Sector supplement for public agencies: Pilot version 1.0 . Boston: Global Reporting 
Initiative.  

    Heemskerk, B., Pistorio, P., & Scicluna, M. (2002).  Sustainable development reporting: Striking 
the balance . Geneva: World Business Council for Sustainable Development.  

    Howe, C., Jones, R., Maheepala, S., & Rhodes, B. (2005).  Melbourne water climate change study: 
Implications of potential climate change for Melbourne's water resources . Canberra: CSIRO.  

    IEA. (2011). Statistics and balances for OECD countries. In  Online statistics and balances . Paris: 
International Energy Agency.  

    Kennedy, C., Cuddihy, J., & Engel-Yan, J. (2007). The changing metabolism of cities.  Journal of 
Industrial Ecology, 11 (2), 43–59.  

       Kenway, S. J. (2012).  The water–energy nexus and urban metabolism: Identifi cation, interpreta-
tion and quantifi cation of the connections in cities . PhD thesis, School of Chemical Engineering, 
The University of Queensland, Brisbane.  

    Kenway, S. J., & Lant, P. (2011). The infl uence of water on urban energy use. In C. Howe & 
C. Mitchell (Eds.),  Water sensitive cities . Amsterdam: International Water Association/
UNESCO-IHE.  

   Kenway, S. J., Priestley, A., Cook, S., Seo, S., Inman, M., & Gregory, A. (2008).  Energy use in the 
provision and consumption of urban water in Australia and New Zealand . CSIRO and Water 
Services Association of Australia. ISBN 9780643096165.  

      Kenway, S. J., Gregory, A., & McMahon, J. (2011a). Urban water mass balance analysis.  Journal 
of Industrial Ecology, 15 (5), 693–706.  

       Kenway, S. J., Lant, P., & Priestley, A. (2011b). Quantifying the links between water and energy in 
cities.  Journal of Water and Climate Change, 2 (4), 247–259.  

S.J. Kenway and P.A. Lant

https://www.wsaa.asn.au/WSAAPublications/Documents/CSIRO WSAA Energy use in the consumption and provision of urban water in Australia.pdf
https://www.wsaa.asn.au/WSAAPublications/Documents/CSIRO WSAA Energy use in the consumption and provision of urban water in Australia.pdf
https://www.wsaa.asn.au/WSAAPublications/Documents/CSIRO WSAA Energy use in the consumption and provision of urban water in Australia.pdf


631

    Kenway, S. J., Lant, P., Priestley, A., & Daniels, P. (2011c). The connection between water and 
energy in cities: A review.  Water Science and Technology, 63 (9), 1983–1990.  

    Kenway, S., McMahon, J., Elmer, V., Conrad, S., & Rosenblum, J. (2013). Managing water-related 
energy in future cities: A research and policy roadmap.  Journal of Water and Climate Change, 
4 (3), 161–175.  

    Lesh, P. (2009).  Rate impacts and key design elements of gas and electric utility decoupling: A 
comprehensive review . Lake Oswego: Graceful Systems.  

    National Water Commission. (2011).  National performance report 2009–10, Part A: Comparative 
analysis . Canberra: National Water Commission.  

    Newman, P. W. G. (1999). Sustainability and cities: Extending the metabolism model.  Landscape 
and Urban Planning, 44 (4), 219–226.  

    Newman, P., Birrell, R., Holmes, D., Mathers, C., Newton, P., Oakley, G., O'Connor, A., Walker, 
B., Spessa, A., & Trait, D. (1996). Human settlements. In  State of the environment Australia 
1996 . Melbourne: State of the Environment Advisory Council, CSIRO Publishing.  

   O’Meara, M. (1999).  Reinventing cities for people and the planet . Worldwatch paper 147. 
Washington, DC: Worldwatch Institute.  

    PMSEIC. (2010).  Challenges at energy–water–carbon intersections . Canberra: Prime Minister’s 
Science, Engineering and Innovation Council.  

   Queensland Government (2013).  Statement of obligations for Queensland Bulk Water Supply 
Authority . Issued by the Treasurer and Minister for Trade, and Minister for Energy and Water 
Supply.  

    Retamal, M., Abeysuriya, K., Turner, T., Glassmire, J., & White, S. (2009).  The water energy 
nexus: Investigation into the energy implications of household rainwater systems . Sydney: 
Institute for Sutstainable Futures, University of Technology.  

     Sahely, H. R., Dudding, S., & Kennedy, C. A. (2003). Estimating the urban metabolism of Canadian 
cities: Greater Toronto area case study.  Canadian Journal of Civil Engineering, 30 (2), 
468–483.  

      Satterthwaite, C. (2008). Cities’ contributions to global warming: Notes on the allocation of green-
house gas emissions.  Environment and Urbanization, 20 (2), 539–549.  

   Sterman, J. (1991). A skeptic’s guide to computer models. Reprinted in G. O. Barney et al. (Eds.), 
 Managing a nation: The microcomputer software catalog  (pp. 209–229). Boulder: Westview 
Press.  

   Stolz, G. (2007). The water crisis: Its desalinate or die.  Courier Mail  (Brisbane), 1 February.  
     Tambo, N. (2002). A new water metabolic system.  Water, 21 , 67–68.  
    Victorian Water Industry Association. (2011).  Electricity issues in the Victorian Water Sector . 

Melbourne: Victorian Water Industry Association.  
      Wolman, A. (1965). The metabolism of cities.  Scientifi c American, 213 , 179–190.  
    WSAA. (2005).  Testing the water: Urban water in our growing cities. The risks, challenges, inno-

vation and planning . Melbourne: Water Services Association of Australia.  
    WSAA. (2008).  WSAA report card 2007–2008: Performance of the Australian urban water indus-

try and projections for the future . Melbourne: Water Services Association of Australia.  
    WSAA. (2009).  WSAA report card 2008–2009: Performance of the Australian urban water indus-

try and projections for the future . Melbourne: Water Services Association of Australia.    

28 How Does Energy Effi ciency Affect Urban Water Systems?



633

  A 
  Abbott, S. , 148, 149  
   Abrams, B. , 392  
   Adaptation , 2–4, 11, 12, 14–24, 45, 63, 95, 

140, 144, 186–188, 207, 217, 223, 
272, 384, 395, 398, 435–439, 452, 
489, 499–501, 516, 520–522, 
539, 593, 596  

 fl ood management , 549–571  
 IBT , 316, 317, 332  
 measures , 16, 550, 551, 553–559, 

566–571  
   Aerial photograph , 163, 168, 470  
   Aerts, J.C.J.H. , 16, 549–571  
   Affermage , 430, 433, 449, 450  
   Affordability , 8, 56, 95, 103, 111–113, 130, 

131, 156, 202, 203, 208, 233, 288, 
311–314, 316–323, 326–328, 331, 332, 
352, 360, 364, 367, 371–374, 448, 456, 
512, 521, 546  

   Ahmed, W. , 148  
   Alta Irrigation District (AID) , 468, 479, 480  
   Alternative water supply , 36, 136–140, 

145–151, 156, 167, 171, 172, 181, 264, 
581, 612  

   Andrés, L. , 456, 458  
   Arbués, F. , 345  
   Archibald, S.O. , 271, 272  
   Arnell, N.W. , 248  
   Arthur, B. , 223  
   Athanasiadis, I.N. , 265  
   Atolls , 491, 494, 502, 505, 506, 509, 512, 

517–520  
   Aubert, C. , 455  

   Australia , 4, 34, 109, 139, 156, 175, 201, 219, 
240, 274, 283, 298, 313, 385, 401, 426, 
449, 580, 594, 615     

   Australian water concession policy , 321–334  
   Averch, H. , 451  

    B 
  Babin, F. , 302  
   Bakker, K. , 425, 434  
   Barraqué, B. , 5, 8, 14, 22, 33–57, 175–198, 

201–215  
   Barrera-Osorio, F. , 458  
   Beale, D.J. , 217–233  
   Bel, G. , 453  
   Benchmark , 17, 39, 110, 113, 304, 306, 307, 

322, 328, 368, 437, 442, 598, 622, 
626–629  

   Bennear, L.S. , 272  
   Bhattacharyya, A. , 453–454  
   Bichai, F. , 14, 15, 135–152  
   The Bill of Rights , 124, 131  
   Biochemical oxygen demand (BOD 5 ) , 68, 78, 

85, 339, 579     
   Birks, R. , 149  
   Bischel, H.N. , 463–485  
   Bithas, K. , 313  
   Boland, J. , 247, 364  
   Bontemps, C. , 339–340  
   Bore-well , 6, 155–172  
   Boutin, P. , 205  
   Brennan, D. , 278  
   Brodeur, C. , 544  
   Brown, R.R. , 3, 223, 227, 596  

                       Index 

© Springer Science+Business Media Dordrecht 2015 
Q. Grafton et al. (eds.), Understanding and Managing Urban 
Water in Transition, Global Issues in Water Policy 15, 
DOI 10.1007/978-94-017-9801-3



634

   Brun, A. , 527–547  
   Bucket system , 130, 131  
   Building codes , 441, 512, 550, 551, 557, 

559–568, 570, 628  
   Byrnes, J. , 278  

    C 
  California American Water , 469  
   Campbell, H. , 272  
   Canneva, G. , 42  
   Capacity building , 101, 113, 202, 493, 510, 

515, 522, 604  
   Carmel River , 466, 469, 471, 484  
   Carpentier, A. , 456  
   Carré, C. , 531  
   Castonguay, S. , 542  
   CCTV.    See  Closed circuit television (CCTV) 
   Centralised sewer systems , 63, 64  
   Centralised system , 15, 19, 22, 23, 55, 63, 64, 

135, 139, 183, 224, 397, 398  
   Chadwick, E. , 284, 285, 295  
   Challenges , 1, 33, 65, 92, 121, 137, 156, 176, 

208, 219, 240, 283, 297, 311, 384, 401, 
429, 453, 464, 490, 589, 594, 615     

   Chan, N.W.W. , 1–24, 311–334  
   Charlton, M.B. , 248  
   Chemical oxygen demand (COD) , 68, 78, 

85, 579  
   Chen, R. , 139  
   Chilean CAS system , 320, 332  
   Cholera , 15, 61, 91, 92, 96–102, 107, 113, 

117, 177, 203  
   Chong, E. , 452–453  
   Chong, J. , 274  
   Chu, L. , 401–417  
   Clarke, G.R.G. , 458  
   Climate change , 7, 11, 20, 23, 33, 95, 135, 

137, 187, 192, 217, 219, 225, 233, 
245–248, 259, 262, 263, 283, 286, 383, 
384, 444, 490, 491, 493, 498, 500, 509, 
514, 517–522, 549–571, 583, 588, 596, 
615, 616  

   Climate variability , 11–12, 15, 23, 50, 140, 
493, 501, 517–520, 522, 593, 613  

   Closed circuit television (CCTV) , 67, 73, 81  
   Coghlan, P. , 163  
   Coleman, E.A. , 276  
   Combined sewer overfl ows (CSOs) , 64, 67, 

71, 78, 80, 87  
   Commercial , 8, 17, 20, 38, 39, 42, 49, 50, 55, 

62, 100, 101, 103, 110, 139, 183, 185, 
206, 222, 231, 240, 243, 252–256, 259, 

261, 276, 297–308, 361–363, 425, 426, 
432, 449, 450, 504, 509, 531, 541, 553, 
565, 596, 601, 618  

   Community , 2, 43, 92, 123, 150, 160, 176, 
204, 217, 240, 269, 288, 313, 342, 395, 
427, 452, 464, 489, 533, 587, 593, 627     

 empowerment , 106  
 expectations , 288  

   Concession , 202–204, 312, 319, 321–334, 
359, 405, 430, 433, 438, 447–451, 582  

   Conservation , 17, 38, 108, 132, 136, 151, 163, 
165, 170, 176, 181, 184–188, 191–194, 
196, 197, 207, 209, 227, 240, 243, 244, 
249, 251, 252, 254–256, 261, 263–265, 
269–275, 277, 278, 297, 298, 304, 
306–308, 311–313, 315, 316, 319, 322, 
324, 331, 332, 366, 404, 405, 441, 469, 
470, 477, 483, 493, 500, 508, 514, 516, 
517, 522, 625  

   Constantini, V. , 395  
   Cook, S. , 217–233  
   Corporate social responsibility (CSR) , 

313, 314  
   Corral, L. , 271  
   Cost , 5, 33, 63, 95, 123, 136, 155, 175, 201, 

220, 239, 275, 285, 300, 311, 339, 359, 
383, 401, 424, 451, 466, 510, 529, 549, 
576, 605, 616     

   Cost recovery , 6, 7, 10, 17, 18, 33, 109, 111, 
130, 132, 162, 172, 202, 206, 208, 288, 
313, 314, 316, 318, 322, 326, 360, 364, 
366, 374, 386, 432, 457, 473, 478, 
518, 612  

   Cramer, J. , 218  
   Crisis of expectation , 131  
   Cross subsidisation , 49, 130, 167, 316, 

319–320  
   CSR.    See  Corporate social responsibility 

(CSR) 
   Cuff, D. , 544  
   Customary rights , 490, 494, 496–497, 

516, 521  
   Customer equity , 171–172  

    D 
  Dandy, G.C. , 403  
   Daniell, K.A. , 1–24, 516  
   Da Silva e Souza, G. , 454, 455  
   Debt aid , 320  
   de Carné, F. , 61–88  
   Decentralised system , 6, 8, 9, 15, 19, 21–24, 

44–46, 63, 64, 139, 183, 624  

Index



635

   Decker, E.H. , 622  
   Deep tunnel sewage system (DTSS) , 586  
   de Gispert, C. , 301  
   Demand , 2, 45, 62, 106, 132, 135, 162, 175, 

207, 219, 239, 269, 283, 297, 311, 338, 
368, 384, 401, 429, 464, 490, 543, 550, 
575, 595, 615     

 management , 109, 117, 132, 186, 188, 193, 
194, 208, 212, 261, 269, 270, 274, 277, 
278, 311, 469, 500, 513–514  

 side management , 209, 269, 270  
   Department of Water Affairs (DWA) , 121–123, 

129, 130  
   Desalination , 5, 8, 11, 18, 21, 23, 43, 44, 55, 

150, 172, 176, 181–182, 186–188, 191, 
193, 196, 222, 241, 253, 287, 289, 290, 
326, 385, 389, 398, 402, 403, 406–417, 
430, 469, 493, 510, 511, 518, 577, 581, 
586–589, 615, 624, 625  

   Desprats, J. , 247  
   Desprats, J.-F. , 155–172  
   Devolution , 423–434, 439, 443, 444  
   Dimova, G. , 17, 61–88  
   Dingle, T. , 284  
   Dionne, N. , 544  
   Direct energy , 617, 619, 620  
   Domestic wastes , 284, 537, 538, 543  
   Domestic water supply , 107–109, 457  
   Dose–response , 140, 141, 144, 145  
   Dovers, S. , 520  
   Dry-proof , 16, 550, 553–555, 557, 559, 567, 

568, 570, 571  
   DTSS.    See  Deep tunnel sewage system 

(DTSS) 
   Dual-pipe , 136, 138–140, 147, 150, 162, 

172, 232  
   Dupont, D. , 302, 303  

    E 
  Economic effi ciency , 10, 311, 312, 

316, 331, 332, 360, 364, 365, 
374, 433, 435, 443  

   Educational campaigns , 108, 270, 273, 276, 
507, 522  

   Egypt , 15, 61, 92, 180, 359–380  
   El-Alfy, M. , 359–380  
   Elasticity , 166, 171, 259, 301–303, 306, 350, 

360, 368–369, 371, 373–375, 390, 392, 
394, 395, 404, 408, 409  

   Electricity , 20, 38, 39, 49, 122–124, 131, 166, 
167, 180, 188, 213, 214, 298, 362, 383, 
385, 396, 404, 424, 439, 451, 505, 507, 
510, 514, 554, 615, 616, 618, 619  

   Embodied energy , 19  
   Enserink, B. , 459  
   Environment , 1, 33, 62, 92, 123, 136, 167, 

175, 202, 217, 245, 269, 285, 298, 312, 
337, 387, 408, 423, 459, 464, 489, 528, 
563, 575, 593, 620     

   Estache, A. , 454  
   European Union , 14, 22, 142, 208, 298, 343, 

432, 438, 441–442, 559, 560  
   Exposure , 136, 140, 143, 145–147, 149, 227, 

233, 338, 343, 451  
   Extraneous water , 17, 61–88  

    F 
  Falch, M. , 459  
   Falkland, A. , 507, 510  
   Falkland, T. , 6, 15, 489–522  
   Fankhauser, S. , 318, 326, 328  
   Farrelly, M. , 227  
   Feigenbaum, S. , 453, 454  
   Féres, J. , 302, 303, 306  
   Fielding, K.S. , 273  
   Fischer-Kowalski, M. , 622  
   Fiset, E. , 537, 538  
   Fitch, M. , 328  
   Flood risk , 6, 11, 16, 40, 547, 549, 550, 558, 

559, 564, 565, 569–571  
   Floods , 2, 11, 16, 20, 21, 23, 41, 51, 53, 92, 

95, 127, 137, 210, 211, 283, 470, 489, 
518, 527, 528, 531, 539, 544, 549–571, 
575, 577, 585, 594  

   Flow and pressure measurement , 74, 82  
   Ford, R.K. , 339  
   France , v, 21, 35–39, 42, 44, 45, 48–50, 

155–172, 178, 180, 181, 184, 187–189, 
191, 193, 203, 204, 206–209, 213, 
247, 256, 265, 314–315, 318, 320, 
338–341, 344, 345, 347, 348, 350, 351, 
405, 430, 432, 433, 437–439, 
441–443, 447, 449, 453, 456, 457, 
528, 530–534  

   Free basic water , 121, 124, 126, 130  
   Free water allowance , 319  
   Freiberg, A. , 434, 435  
   French, S. , 621  
   Froukh, M.L. , 245  

    G 
  Galán, J.M. , 246  
   García-Rubio, M.A. , 451  
   García-Valiñas, M.A. , 15, 17, 22, 269–278, 

337–355  

Index



636

   Garden , 6, 17, 108, 148–149, 156, 161, 163, 
165–171, 185, 208, 209, 239, 
245–247, 252, 253, 258, 259, 275, 
285–287, 290, 292–294, 324, 
351, 506  

   Gardens for food production , 286  
   Garn, M. , 339  
   Gassner, K. , 456–458  
   Gaynor, A. , 286  
   Geldermann, J. , 621  
   Gelles, G.M. , 6, 15, 18, 121–133  
   Genius, M. , 340  
   Gikas, P. , 224  
   Gleick, P.H. , 308, 626  
   Gomez-Lobo, A. , 458  
   González-Gómez, F. , 451  
   Gracceva, F. , 395  
   Grafton, Q. , 1–24, 401–417  
   Grafton, R.Q. , 18, 271, 278, 290, 315, 393  
   Graham, S. , 43, 45, 167  
   Gréber, J. , 267, 538  
   Greenhouse gas (GHG) emissions , 232, 

616–619, 627, 629  
   Green, R.D. , 272, 273  
   Grey water , 6, 8, 15, 23, 44, 108, 109, 

137–139, 149–150, 156, 172, 222, 232, 
264, 299, 507, 594, 595  

   Groundwater contamination , 161, 347, 
354, 470  

   Groundwater management plans (GWMPs) , 
464, 467–472, 480, 484  

   Groundwater offsets/mitigation , 468, 469, 
471, 484  

   Guérin-Schneider, L. , 17, 22, 423–444  
   Guerrini, A. , 454, 455  
   Gupta, J. , 189  

    H 
  Halich, G. , 276, 278  
   Hallegatte, S. , 12  
   Hatchuel, G. , 338  
   Health , 1, 43, 62, 92, 131, 135, 162, 193, 

203, 218, 284, 305, 320, 337, 
362, 396, 424, 447, 473, 492, 531, 576, 
595, 622     

   Health-based targets , 143–145  
   Heat islands , 294, 618, 619, 625  
   Heidarpour, F. , 289  
   Henten, A. , 459  
   Herrington, P. , 256  
   High density dwellings , 293, 294  
   Hillenbrand, T. , 345  
   Hoffman, M. , 345  

   Households , 6, 36, 61–62, 95, 121, 137, 155, 
188, 223, 239, 270, 285, 299, 312, 337, 
359, 401, 442, 448, 493, 543, 575, 
595, 625     

 behaviour , 271, 338, 351  
 water use , 108, 264, 338  

   Huizinga, J. , 562  
   Human body wastes , 285, 291, 292  
   Hunt, L.C. , 451  
   Hussey, K. , 6, 14, 593–613  

    I 
  Idarraga, F.L.F. , 531  
   Imperial Irrigation District (IID) , 179, 196, 

197, 477–479, 483, 484  
   Increasing block tariff (IBT) , 109, 176, 

181–198, 259, 315, 316, 323, 332, 
364–366, 370–375, 405  

   Independent economic regulators , 17, 322, 323  
   Independent water supply , 18, 155–172  
   Indicator , 68, 86, 92, 101, 112, 117, 124, 128, 

129, 137, 141, 142, 144, 148, 149, 161, 
171, 180, 219, 222, 232, 273, 277, 290, 
291, 293, 298, 300, 301, 303, 305, 307, 
316, 318, 341–344, 351, 352, 371, 402, 
405, 407, 437, 439, 442, 443, 546, 579, 
590, 601, 603–608, 610, 611, 621, 
626–629  

   Indirect energy , 617, 618, 629  
   Indirect potable reuse (IPR) , 147, 183, 222, 

467, 473–476, 483, 587  
   Industrial , 8, 33, 61, 92, 132, 136, 177, 201, 

222, 240, 287, 297, 311, 337, 361, 383, 
424, 447, 500, 527, 549, 575, 596, 618     

   Infrastructure investment , 219, 233, 322, 
385, 615  

   In lieu groundwater storage , 466  
   Inman, D. , 277  
   Innovation , 2, 4, 7–9, 18, 24, 34, 45, 108, 117, 

136, 137, 147–151, 172, 177, 205, 206, 
211, 212, 214, 215, 223, 224, 226–228, 
233, 240, 256, 265, 286, 305, 307, 397, 
399, 434, 436, 439, 444, 451, 464, 470, 
476, 479, 480, 483–485, 566, 596, 601, 
602, 608, 609  

   Institutional structure , 113–117, 123, 427, 
433, 520, 629  

   Integrated regional water management plans 
(IRWMPs) , 464, 472, 483  

   Integrated water management , 135–152, 440, 
464, 586, 597–599, 601, 603, 605, 611  

    Intuitu personae  , 436–439, 443  
   Isnard, L. , 33–57  

Index



637

    J 
  Jalan, J. , 339  
   Jeffery, P. , 277  
   Johnson, L.L. , 451  
   Johnstone, N. , 340  

    K 
  Kaegi, R. , 289  
   Kaps, R. , 275  
   Kay, E. , 6, 14, 593–613  
   Kenney, D.S. , 272, 275  
   Kenway, S.J. , 17, 615–629  
   Kern Water Bank , 467, 474–475, 480, 484  
   Keur , 565, 566  
   Kirkpatrick, C. , 454, 455  
   Klein, M. , 452  
   Klostermann, J.E.M. , 218  
   Knight, F.H. , 384  
   Kog, Y.C. , 8, 15, 575–590  
   Komives, K. , 364  
   Kompas, T. , 315, 401–417  
   Koppenjan, J.F.M. , 459  
   Kouassi, E. , 454  
   Kumwenda, V. , 98  

    L 
  Laberge, V. , 544  
   Labrecque, R. , 544  
   Land use plans , 8, 9, 201, 245–246, 470, 503, 

544, 563, 566, 567, 625  
   Land use zoning plan , 563–568, 570  
   Lant, P.A. , 615–629  
   Lasserre, F. , 542  
   Lee, M. , 273  
   Lefebvre, M. , 122  
   Lloyd, C. , 284  
   Loh, M. , 163  
   LRMC pricing , 387, 388, 400  
   Luthy, R.G. , 463–485  
   Lye, D.J. , 149  
   Lynk, E.L. , 451, 454, 455  
   Lynn, G.D. , 302, 303  

    M 
  Maguire, S. , 292  
   Major rivers policy , 559, 563, 566  
   Makaudze, E.M. , 6, 15, 18, 121–133  
   Malaysia , 184, 575–590  
   Managed aquifer recharge (MAR) , 187, 287, 

464, 466, 467, 469, 472–476, 480, 484  

   Manhole survey , 67, 72, 73, 81  
   Mansur, E.T. , 277–278  
   Manufactured water , 287, 290  
   Manufacturing , 68, 101, 132, 258, 276, 

287–290, 297–300, 302–306, 383, 
396, 623  

   Marin, P. , 458  
   Market institutions , 8, 57  
   Marlow, D.R. , 217–233  
   Marr, S. , 449  
   Martínez-Espiñeira, R. , 269–278, 

456, 457  
   Marvin, S. , 43, 45  
   Maskin, E. , 448  
   Mass balance , 622–625, 627–629  
   Mazmanian, D.A. , 501, 515  
   McDonald, D.A. , 131  
   Melbourne , 11, 48, 196, 220, 284, 313, 423, 

600, 615     
   Melendez, M. , 458  
   Michelsen, A. , 272  
   Millennium Development Goals (MDG) 

targets , 102–104, 107  
   Mingers, J. , 5  
   Monteiro, H. , 339  
   Monterey Regional Water Pollution Control 

Agency , 81  
   Montginoul, M. , 155–172, 351  
   Moreira, A. , 454  
   Morreau, I. , 562  
   Muller, M. , 123  
   Mullins, P. , 286  
   Municipal , 35, 69, 96, 123, 137, 155, 179, 

203, 243, 276, 297, 320, 338, 403, 430, 
454, 466, 528, 550, 598     

   Munisamy, S. , 454, 455  
   Murty, M.N. , 306  

    N 
  Nanoparticles , 287, 289  
   National Water Act , 123, 124  
   Natural gas , 618, 619  
   Nauges, C. , 1–24, 277, 339–340, 359–380  
   Nelson, R.R. , 2, 8, 15, 18, 463–485  
   Neoliberal , 13, 24, 287, 425, 437, 439  
   The Netherlands , 16, 37, 41, 48, 53–55, 140, 

142, 144, 150, 156, 209, 214, 550, 551, 
557, 559–567, 569–571  

   NEWater , 184, 577, 586–589  
   Newman, P. , 622  
   New public management , 425, 434, 437  
   Nhapi, I. , 6, 15, 91–117  

Index



638

   Nieswiadomy, M.L. , 273  
   Non-pricing instruments , 269–278  
   Non-revenue water (NRW) , 69, 70, 110, 113, 

128, 129, 508–510, 514, 522, 578  
   Non-structural measures , 16, 549, 550  

    O 
  Ochieng, G.M.M. , 132  
   Offi ce national de l’eau et des milieu 

aquatiques (ONEMA) , 432, 437  
   Offi ce of Living Victoria , 19, 441, 600  
   Olmstead, S.M. , 277–278  
   Optimisation , 12, 391, 399, 408–410, 

416–417, 625, 626, 628  
   Orange County Water District (OCWD) , 183, 

467, 473–475, 484  
   Ortalda, L. , 338  
   Otieno, F.A.O. , 132  
   O’Toole, J. , 149  
   Output-based subsidies , 320  

    P 
  Pacifi c Island countries , 489–522  
   Pajaro Valley Water Management Agency 

(PVWMA) , 478, 482, 484  
   Pape, J. , 131  
   Parker, D. , 454, 455  
   Park, R.E. , 388  
   Pathogens , 99, 136, 140–150, 337, 340, 475  
   Patterson, J. , 246  
   Peak water bodies , 499  
   Pérard, E. , 452  
   Petterson, S. , 141  
   Pezon, C. , 42  
   Physical determinist , 295  
   Picazo-Tadeo, A.J. , 452, 454  
   Piper, S. , 339  
   Polebitski, A. , 246  
   Policy , 13, 34, 62, 101, 121, 142, 167, 180, 

201, 240, 269, 290, 306, 312, 353, 384, 
429, 463, 494, 528, 550, 576, 596, 624     

   Policy instrument , 13, 270, 276, 278, 434–437, 
439, 443, 444, 628  

   Polyzou, E. , 340  
   Post-apartheid , 124–126, 131  
   Potable water fl ow , 74, 76, 77, 82–84, 284, 

287, 290  
   Potable water leakage , 66, 84, 86  
   Pouget, L. , 186  
   Present worth of system incremental cost 

(PWSIC) method , 388, 390  
   Price differentiation , 319–320, 456, 457  

   Price elasticity , 171, 301–303, 306, 350, 
368–369, 371, 373–375, 392, 404, 
408, 409  

   Price fl exibility , 395  
   Price, H. , 328  
   Price reduction with conditions , 319  
   Private sector participation (PSP) , 9, 13, 23, 

34, 35, 107, 424, 425, 430–433, 443, 
457, 459  

   Probability of infection , 140–142  
   Public procurement , 204, 438, 443  
   Public Utilities Board (PUB) , 577, 582–589  

    Q 
  Quantitative microbial risk assessment 

(QMRA) , 136, 140–152  
   Quasi-privatization , 288  
   Qu, X. , 289  

    R 
  Raffi ee, K. , 453, 454  
   Rainfall storage tank , 293  
   Rainwater , 6, 47, 51, 109, 137, 148–149, 172, 

209, 211, 222, 264, 503, 507, 510–512, 
517, 518, 522, 538, 585, 624  

   Rainwater tanks , 11, 20, 232, 285, 286, 507, 
508, 594, 595, 597, 608, 617, 624  

   Ramsey, F. , 404  
   Randolph, B. , 293  
   Rasmussen, C. , 284  
   Rationing , 108, 277, 315, 395, 399, 407, 

576, 582  
   Recharge mapping , 469, 470, 476  
   Recirculation , 22, 297, 299, 304, 305, 625  
   Recycling , 5, 6, 8, 11, 22, 23, 43, 44, 135, 141, 

142, 144, 148, 150, 151, 156, 172, 183, 
188, 193, 222, 264, 287, 305, 389, 441, 
477, 506, 587, 623, 625  

    Régie  , 432  
   Regulation , 7, 37, 65, 110, 127, 136, 180, 209, 

220, 254, 272, 299, 339, 423, 447, 468, 
503, 544, 551, 579, 596     

   Regulatory framework , 124, 137, 144, 145, 
150, 164, 255–256, 321, 472, 
475, 481  

   Reich, M.R. , 459  
   Reinhardt, W. , 17, 22, 423–444  
   Renwick, M.E. , 271–273, 278  
   Renzetti, S. , 17, 22, 297–308, 403  
   Residential water demand , 246, 247, 249, 261, 

269–278, 303–305, 308, 338, 339, 348, 
350–352, 369  

Index



639

   Resilience , 4, 8, 20–22, 24, 95, 107, 117, 293, 
489, 493, 499, 516, 517, 520, 522, 
593, 596  

   Reynaud, A. , 15, 22, 300, 302, 303, 306, 
337–355, 447–459  

   Ribarova, I. , 61–88  
   Rinaudo, J.-D. , 1–24, 155–172, 175–198, 

239–265, 351  
   Risk , 2, 35, 135, 158, 189, 203, 219, 249, 285, 

297, 338, 385, 429, 447, 473, 490, 547, 
549, 593, 616     

   River pollution , 579  
   Roibás, D. , 277, 339, 340, 351, 353  
   Romano, G. , 454, 455  
   Rosenhead, J. , 5  
   Roseth, N. , 167  
   Rossi, M. , 454  
   Rotterdam , 16, 549–571  
   Ruester, S. , 456, 457  

    S 
  Saal, D. , 454, 455  
   Saal, D.S. , 451  
   Sabatier, P.A. , 501, 515  
   Safe drinking water , 2, 95–96, 121, 312  
   Safety , 12, 136, 137, 139–146, 150, 151, 230, 

342, 473, 481, 514, 521, 522, 544, 550, 
559, 563, 564, 566–569, 571, 597  

   Samson, H. , 542  
   Samuelson, P.A. , 56  
   San Diego County Water Authority , 197, 478     
   Sanitation coverage trends , 103–104  
   Satterthwaite, C. , 617  
   Scherrer, F. , 542  
   Schleich, J. , 345  
   Schneider, M. , 302, 303  
   Sea-level rise , 11, 20, 262, 490, 508, 517, 520, 

549, 550, 552–553, 562, 568  
   Sector , 7, 34, 62, 92, 131, 150, 182, 213, 217, 

241, 287, 297, 311, 360, 399, 423, 447, 
490, 538, 577, 598, 616     

   Seroa da Motta, R. , 454  
   Serret, Y. , 340  
   Service delivery , 2–3, 98, 101, 103, 110, 111, 

117, 130–132, 224, 322, 436, 437, 
441, 443  

   Sewer overfl ows , 65, 98  
   Sewer systems , 41, 48, 52, 53, 61–88, 

209, 370  
   Sharma, A. , 217–233  
   Short-run marginal cost (SRMC) pricing , 386, 

387, 390–392, 394, 398  

   Sibly, H. , 18, 315, 331, 383–400  
   Simmons, G. , 149  
   Simulation model , 246, 359–380  
   Singapore , 15, 139, 147, 150, 183, 184, 440, 

467, 575–590  
   Slums , 15, 18, 94, 122  
   Small island countries , 489, 519  
   Smeets, P. , 14, 142  
   Smeets, P.W.M.H. , 135–152  
   Smets, H. , 312, 318  
   Social , 1, 33, 62, 110, 131, 146, 156, 176, 204, 

217, 265, 283, 311, 386, 401, 423, 452, 
489, 531, 561, 596, 627     

   Social equity , 312–316, 319, 331, 332, 
439–440  

   Solley, W. , 305  
   Souriau, J. , 33–57  
   South Africa , 6, 13–15, 18, 92, 94, 121–133, 

189, 244, 319  
   Spatial planning , 550, 551, 560, 561, 

563–571  
   Squires, V.R. , 18  
   State Water Resources Control Board 

(SWRCB) (California) , 468, 469, 478  
   Statistics South Africa (Stat SA) , 128  
   Stavins, R.N. , 276, 278  
   Stephenson, K. , 276, 278  
   Stern, P.C. , 293  
   Storage capacity , 150, 293, 385, 389, 392–393, 

466, 484, 512, 518, 563  
   Structural measures , 549  
   Supply uncertainty , 393, 407  
   Surface water , 11, 20, 51, 52, 80, 110, 135, 

138–140, 142, 144, 147, 148, 178, 179, 
184, 195, 198, 210, 211, 284, 343–348, 
351, 353, 354, 463–485, 491, 496, 503, 
510, 542, 577, 578  

   Suspended solids (SS) , 11, 68, 78, 85, 
579, 599  

   Sustainability , 1, 2, 6, 7, 18, 19, 22, 33, 39, 
44–46, 50, 56, 62, 64, 65, 136, 145, 
151, 195, 202, 206, 208, 217–222, 225, 
228, 233, 249, 290, 311–314, 316, 322, 
332, 360, 429, 437, 440–443, 459, 497, 
510, 515, 517, 520, 580, 586, 594, 600, 
604, 612, 613, 620  

   Sustainable urban water management 
(SUWM) , 62, 63, 65, 86, 88  

   Swyngedouw, E. , 18  
   Syme, G.J. , 166, 171, 273  
   Système d’information sur les services public 

d’eau et d’assainissement (SISPEA) , 
437, 441, 442  

Index



640

    T 
  Targeted measure , 319–321  
   Tariff , 15, 18, 47, 50, 56, 69, 88, 102, 103, 

107, 109–113, 139, 185, 187, 239–243, 
254, 256, 259, 264, 277, 315, 317, 
319–324, 326, 327, 332, 359–380, 
386, 404, 405, 430, 449, 456, 
457, 510, 514  

   Tchobanoglous, G. , 224  
   Technology adoption , 185, 223, 272  
   Teeples, R. , 453, 454  
   Tepic, S. , 318, 326, 328  
   Teunis, P.F.M. , 141  
   Theoretical framework , 434  
   Thomas, J.F. , 164, 166, 171  
   Thompson, B.H. Jr. , 463–485  
   Thorsten, F. , 65  
   Thynne, I. , 435  
   Timmins, C. , 277, 403  
   Tirole, J. , 448  
   To, H. , 269–278  
   Tol, R. , 298  
   Tooth, R. , 18, 383–400  
   Total nitrogen (TN) , 68, 78, 85, 599  
   Total phosphorus (TP) , 68, 78, 85, 599  
   Tragedy of commons , 294, 295  
   Train, K.E. , 404  
   Trepanier, J. , 544  
   Trouiller, B. , 289  
   Troy, P. , 14, 17, 283–295  
   Turmel, P. , 544  
   Turner, A. , 272  
   Turvey, R. , 385, 387, 388, 403  

    U 
  Um, M.J. , 340  
   Unembanked areas , 550, 552–555, 

557–571  
   UN-Habitat , 94, 122, 126  
   Urban infrastructure , 35, 40, 100, 117, 218, 

219, 287, 459  
   Urbanisation , 2, 5–7, 12, 15, 43, 54, 55, 63, 

92–95, 117, 135, 204, 244, 492–493, 
495, 575, 576  

   Urban metabolism , 19, 622–625, 627, 629  
   Urban municipalities , 126, 128, 456, 457  

    V 
  van der Zaag, P. , 189  
   van Vliet, M. , 16, 549–571  
   Vickers, J. , 459  
   Virtual water , 103, 286, 340  

    W 
  Walker, S. , 449  
   Wang, X.C. , 139  
   Ward, M. , 278, 401–417  
   Ward, M.B. , 315, 393  
   Warner, M. , 453  
   Waste disposal , 97, 100, 111, 123, 219, 284, 

398, 492, 503, 506, 621  
   Wastewater , 5, 6, 17, 46–48, 52, 54, 61–70, 

72–74, 76–78, 80, 81, 87, 88, 101, 102, 
111, 114, 135, 137, 138, 145, 147, 150, 
151, 172, 176, 181, 183–184, 217, 219, 
231, 232, 256, 300, 301, 306, 322, 324, 
359–380, 423, 424, 431, 463, 464, 467, 
473–477, 481–484, 579, 586, 593, 595, 
615–619, 621–625  

 fl ow measurement , 73–78, 81–84  
 production , 105, 108, 109  
 quality , 64, 67, 70, 78–79, 85–86  
 treatment , 5, 8, 10–12, 21, 47, 62, 64, 68, 

71, 78, 87, 108, 137, 148, 158, 183, 
206, 232, 308, 431, 441, 451, 473, 482, 
507, 595, 622  

   Water affordability analysis , 312, 314, 
316–319, 321, 326–328, 332, 448  

   Water agreements , 576, 581, 583–585, 
589, 590  

   Water and development , 1, 33, 61, 91, 121, 
135, 155, 175, 201, 217, 239, 269, 283, 
297, 311, 337, 359, 383, 401, 423, 
447, 463, 489, 527, 550, 575, 
593, 615     

   Water and wastewater , 46–48, 69, 84, 102, 
151, 206, 231, 256, 306, 322, 324, 
359–380, 424, 441, 451, 463, 616, 
619, 622  

   Water banking , 195, 467, 474–476, 480, 
484, 485  

   Water boards , 41, 53, 124, 214, 288, 426, 427, 
564–566  

   Waterborne diseases , 61, 91, 98, 99, 117, 127, 
135, 142, 205–206  

   Water concession design , 312, 319, 321, 
328–334  

   Water governance 
 implementation plans , 495, 499, 501  
 water policy , 495, 499, 501  

   Water industry , 8, 20, 33, 34, 37, 51, 146, 151, 
214, 244, 245, 250, 255, 256, 263–264, 
305, 365, 436, 437, 447, 449, 451, 452, 
459, 600, 616  

   Water planning , 9–11, 55, 152, 193, 245, 440, 
441, 464, 469, 471, 480, 485, 499, 516, 
545, 585  

Index



641

   Water policy , 13, 14, 34, 53, 55, 102, 106, 121, 
123, 126, 130, 170, 212, 213, 215, 
312–313, 384, 441, 478, 484, 495–499, 
501, 534, 535, 544, 545, 564  

   Water poverty , 33, 316, 318, 332  
   Water price , 8, 10, 18, 23, 38, 47, 50, 111, 

124, 156, 158–160, 164, 166, 171, 185, 
188, 192–194, 207–209, 232, 269, 270, 
272, 275, 277, 294, 303, 311–334, 342, 
345, 347–353, 367, 368, 386, 390, 
392–394, 396, 401–417, 432, 438, 442, 
456–457, 584, 585, 616, 626  

   Water quality 
 protection of water sources , 22, 493, 495, 

500, 503–507, 516, 521  
 water reserves , 496, 497, 503–506, 516, 

521, 522  
 water treatment , 289, 340, 353, 506, 

507, 521  
   Water recycling , 11, 22, 43, 141, 142, 144, 

148, 150, 188, 222, 305  
   Water resources , 5, 33, 87, 95, 122, 140, 184, 

201, 224, 239, 269, 283, 311, 365, 426, 
466, 493, 535, 576, 598     

   Water reuse , 145, 147, 150, 182, 183, 187, 
477, 481–484, 601, 624  

   Water, Sanitation and Hygiene (WASH) 
challenges , 97, 98, 100–101, 104–107, 
113, 116, 117  

   Water-saving devices , 108, 270, 271, 275  
   Water security , 15, 20, 22, 43, 135–152, 384, 

395–397, 399, 429, 490–491, 507, 516, 
517, 519, 521, 522, 589  

   Water service , 3, 33, 107, 122, 135, 155, 201, 
217, 251, 284, 298, 311, 341, 359, 
386, 404, 424, 447, 494, 565, 
585, 616     

   Water supply 
 groundwater , 137, 156, 163, 166, 306, 484, 

492, 493, 496, 502–505, 507, 508, 511, 
518, 593  

 rainwater harvesting , 109, 137, 172, 264, 
507, 510–512, 517, 518, 522  

   Water tariffs , 15, 109–113, 160, 277, 311, 
314–316, 319, 323–324, 326, 327, 363, 
368, 404, 493, 497, 514, 521, 522, 584  

   Water transfers/trading , 17, 18, 55, 178, 181, 
184, 187, 190, 191, 193, 195–197, 204, 
214, 464, 472, 476–480, 578, 581  

   Water wise , 164, 287, 293  
   Wentz, A.E. , 246  
   Wet-proof , 553–555, 557, 568  
   Whitehead, J.C. , 340  
   White, I. , 6, 15, 489–522  
   Whitlatch, E. , 302  
   Whittington, D. , 331, 339, 359–380  
   Winter, S.G. , 2  
   Winward, G.P. , 149  
   Wolf, O. , 275  
   Wolman, A. , 622  
   Worthington, A.C. , 301, 303, 345  

    Y 
  Yarrow, G. , 459  
   Yongsung, C. , 340  

    Z 
  Zhou, Y. , 298, 302  
   Ziegler, J.A. , 339  
   Zivin, J.G. , 340  
   Zone 7 Water Agency , 466, 469, 470  
   Zschille, M. , 456, 457          

Index


	Preface
	Acknowledgments
	Contents
	Chapter 1: Understanding and Managing Urban Water in Transition
	1 Introduction
	2 Drivers of Transition in Urban Water
	2.1 Population Growth, Demographic Change and Increasing Urbanisation
	2.2 Increasing Resource Scarcity, Including Water
	2.3 Technological Innovation
	2.4 New Water Governance Approaches and Systems
	2.5 Changing Water Values and Cultures
	2.6 Climate Variability and Global Changes
	2.7 Ecosystem Degradation
	2.8 Political Ideology and Development of International Norms

	3 Adaptations and Transformations in Urban Water Systems
	3.1 Improvements in Public Health and Equality of Service
	3.2 Protection of Life, Livelihoods and Ensuring Well-Being (of Humans and the Environment)
	3.3 Encouraging Resource Efficiency or ‘Doing More With Less’
	3.4 Commodification and Economic Valuation of Water
	3.5 Low Impact Development or “Water Sensitive Urban Design”
	3.6 Integrated or Whole of Systems Approaches
	3.7 Resilient and Adaptive Systems
	3.8 Participatory Democracy
	3.9 Decentralisation, Diversification and Hybridisation of Water Systems

	4 Perspectives: Challenges and Future Uncertainties for Urban Water Systems in Transition
	References

	Part I: Water Supply and Sanitation
	Chapter 2: How Water Services Manage Territories and Technologies: History and Current Trends in Developed Countries
	1 Introduction
	2 A Vast Array of Public–Private Arrangements
	2.1 Focus on the Paris Region
	2.2 The Diversity of Water Supply and Sanitation (WSS) Models in Developed Countries
	2.3 A Common Evolution Toward Hybrid Partnerships?

	3 Upscaling/Downscaling WSS Management: The Right Mix?
	3.1 The Parisian Case
	3.2 Concentration Process: Looking for an Improved Performance of Water Services
	3.3 Centralisation of Water Production: A Strategic Path to Deal with Water Scarcity
	3.4 Decentralised Systems: Emergency Patches or Next Step Towards Sustainability?

	4 Integration Versus Unbundling of Water Services
	4.1 Insight into Paris
	4.2 Vertical Integration Versus Unbundling
	4.3 Horizontal Integration Versus Unbundling
	4.4 Water Services: Financial Autonomy or Dependence?

	5 Interactions Between WSS and Water Resources
	5.1 Situation in Paris
	5.2 Water Services Manage Water Resources…
	5.3 …and Water Resource Institutions Manage Water Services!

	6 Conclusion
	References

	Chapter 3: Coping with Extraneous Water in Sewerage Systems
	1 Evolution of Urban Wastewater Management
	1.1 Evolution in Thinking
	1.2 Evolution of Technologies

	2 Extraneous Water: A Common Deficiency in Sewer Systems
	3 Simplified Methodology
	4 Estimation of Extraneous Water in Sewer Systems of Two Towns in Bulgaria
	4.1 Background
	4.2 Case Study: Bansko
	4.2.1 General Information
	4.2.2 The Problem of Extraneous Water
	4.2.3 Wastewater Flow Measurement Survey
	4.2.4 Wastewater Quality Measurement Survey

	4.3 Case Study: Gotse Delchev
	4.3.1 General Information
	4.3.2 The Problem of Extraneous Water
	4.3.3 Wastewater Flow Measurement Survey
	4.3.4 Wastewater Quality Measurement Survey

	4.4 Recommendations for Sustainable Management in the Case Studies
	4.4.1 For the Town of Bansko
	4.4.2 For the Town of Gotse Delchev


	5 Conclusion
	References

	Chapter 4: Challenges for Water Supply and Sanitation in Developing Countries: Case Studies from Zimbabwe
	1 Introduction
	2 Challenges to Water Supply and Sanitation in Sub-Saharan Africa
	2.1 The Challenge of Urbanisation and Slum Developments
	2.2 Water Resources Challenge
	2.3 Water and Health

	3 Water Management and Challenges in Zimbabwe
	3.1 Cholera Outbreaks in Zimbabwe
	3.2 Historical Development of WASH in Zimbabwe
	3.3 Zimbabwe WSS Sector Challenges Versus MDG Targets
	3.3.1 Zimbabwe MDG Targets
	3.3.2 JMP Drinking Water and Sanitation Coverage Trends in Zimbabwe, 1990–2010

	3.4 Key Rural WASH Challenges in Zimbabwe
	3.5 Urban Domestic Water Supply and Sanitation Challenges in Zimbabwe
	3.6 Water Tariffs and Funding of Urban WSS in Zimbabwe
	3.6.1 Water and Sewerage Tariffs
	3.6.2 Setting of Water Tariffs in Zimbabwe
	3.6.3 Affordability

	3.7 Institutional Structure and Coordination Mechanisms

	4 Conclusions
	References

	Chapter 5: The Challenges of Providing Water and Sanitation to Urban Slum Settlements in South Africa
	1 Introduction
	2 The Early Rise of Slum Settlements in Urban Areas
	3 An Inherited Problem
	4 Water and Sanitation in Post-apartheid South Africa
	5 Challenges of Water and Sanitation Provision
	5.1 Governance/Policy Challenges
	5.1.1 Urban Sprawl and the Proliferation of Slum Settlements

	5.2 Institutional Challenges
	5.2.1 Lack of Skilled Manpower
	5.2.2 Deteriorating Water Quality
	5.2.3 Severe Water Losses and Leakages
	5.2.4 Aging Water Infrastructure

	5.3 Financial Challenges
	5.3.1 Huge Municipal Water Deficits Are Unsustainable

	5.4 Community Challenges
	5.4.1 Pervasive Culture of Non-payment for Water Services
	5.4.2 Expectation Crisis
	5.4.3 Theft and Vandalism

	5.5 Water Resource Challenges
	5.5.1 Unprecedented Increase in Water Demand


	6 Conclusion
	References

	Chapter 6: Integrating Water Quality into Urban Water Management and Planning While Addressing the Challenge of Water Security
	1 Introduction
	2 Water Quality Challenges of Water Quantity Solutions
	2.1 Alternative Water Supply Sources
	2.2 Alternative Water Supply: Context and Challenges

	3 QMRA for Safety Management in Urban Water Services
	3.1 What Is QMRA?
	3.2 QMRA: The Regulatory Approach
	3.3 QMRA Context and Uses to Date

	4 Using QMRA in Alternative Water Supply Planning
	4.1 The Planning and Technical Guidance Approach
	4.2 QMRA to Improve Understanding of Innovative Water Supply Scheme Risks
	4.3 Examples of Water Quality Challenges in Urban Water Supply Innovation
	4.3.1 Example 1: Rainwater for Watering the Garden
	4.3.2 Example 2: Greywater for Food Crop Irrigation


	5 Discussion
	5.1 Context of Alternative Water Supply Options
	5.2 The Role of QMRA in Designing Water Quality Regulation

	6 Conclusion
	References

	Chapter 7: The Development of Private Bore-Wells as Independent Water Supplies: Challenges for Water Utilities in France and Australia
	1 Introduction
	2 Southern France
	2.1 Context
	2.2 The Intensity of the Phenomenon
	2.3 How Do Households Use Their Bore-Wells?
	2.4 Issues for Water Utilities

	3 Western Australia
	4 Understanding Households’ Motivations to Invest in Private Supply
	4.1 Maximisation of Utility Derived from Water Use
	4.2 Cost Minimisation
	4.3 Ethical and Political Motivations
	4.3.1 Green Households
	4.3.2 Libertarian Households
	4.3.3 The Emergence of Infrastructural Consumerism


	5 Challenges for Water Utilities
	5.1 Challenge 1: Monitoring the Development of Garden Bore-Wells
	5.2 Challenge 2: Controlling Bore-Wells in Environmentally Sensitive Areas
	5.3 Challenge 3: Including Bore-Well Development in Scheme-Water Demand Modeling
	5.4 Challenge 4: Maintaining Equity Between Bore-Well Owners and Other Customers

	6 Conclusion
	References

	Chapter 8: Inter-Basin Transfers as a Supply Option: The End of an Era?
	1 Introduction
	2 IBTs in Contemporary History
	2.1 Potable Water Aqueducts
	2.2 Multipurpose Projects and Urban Interbasin Transfers

	3 IBTs in a Changing Technological Context
	3.1 The Development of Non-conventional Supply Options
	3.1.1 IBT Versus Desalination
	3.1.2 IBT Versus Wastewater Reclamation and Reuse

	3.2 IBTs Versus Water Conservation
	3.3 Economic Comparison of IBTs with Alternative Solutions
	3.3.1 Results of Economic Assessment in Selected Examples

	3.4 IBTs Versus More Gradualist Adaptable Solutions
	3.5 Energy Considerations

	4 IBTs in a Changing Socio-Political Context
	4.1 A Growing Concern for Environmental and Socio-Economic Impacts of IBTs
	4.1.1 Environmental Concerns
	4.1.2 Increased Hostility from Donor Regions
	4.1.3 The Political Dimension of IBTs

	4.2 Increased Public Participation Favors Opposition to IBTs
	4.3 Reduced Public Funding
	4.4 Why Do IBTs Remain So Attractive?

	5 Looking Ahead: Using Existing IBTs for Reallocating Water
	5.1 IBT and Aquifer Storage and Recovery (ASR)
	5.2 From Pipeline to Grid
	5.3 Water Transfer Infrastructures and Trading in a Mature Water Economy

	6 Conclusion
	References

	Chapter 9: Three Engineering Paradigms in the Historical Development of Water Services: More, Better and Cheaper Water to European Cities
	1 Introduction
	2 The Paradigm of Water Quantity
	2.1 The Failure of Private Concessions in Europe
	2.2 State Involvement and Large Hydraulic Schemes in Other Continents

	3 The Paradigm of Water Treatment
	3.1 Drinking Water Plants and Sewage Treatment Plants in Europe�
	3.2 Technological Shortcomings
	3.3 Water Prices Bound to Increase

	4 The Third Paradigm of Sustainable Water
	4.1 Environmental Engineering as Part of the Third Paradigm
	4.2 The Case of the Paris Region

	5 Conclusion
	References

	Chapter 10: Investing in the Water Infrastructure of Tomorrow
	1 Introduction
	2 Sustainability-Based Asset Management
	2.1 Investing in Infrastructure

	3 Transitions in Infrastructure Systems
	3.1 Hybridisation Through Incremental Investments
	3.2 A Conceptual Model of Investment Flows
	3.3 Option Identification and Assessment

	4 Case Studies
	4.1 Case Study 1: Analysis of a Traditional Like-for-Like Renewal
	4.2 Case Study 2: Analysis of Asset Acquisition Using IUWM Concepts

	5 Conclusions
	References


	Part II: Water Demand and Water Economics
	Chapter 11: Long-Term Water Demand Forecasting
	1 Introduction
	2 An Overview of Forecasting Methodologies
	2.1 What Is Long-Term Water Demand Forecasting About?
	2.2 A Typology of Water Demand Forecasting Methodologies
	2.2.1 Temporal Extrapolation Models
	2.2.2 Models Based on ‘Unit Water Demand’
	2.2.3 Multivariate Statistical Models
	2.2.4 Micro-Component Modeling
	2.2.5 Estimation Based on Projections for Urbanisation and Land Use
	2.2.6 Composite Models


	3 Key Issues and Challenges
	3.1 Integrating Land Use Planning and Water Demand Forecasting
	3.2 Accounting for Climate Change
	3.3 Dealing with Forecast Uncertainty
	3.3.1 The Scenario Approach
	3.3.2 The Probabilistic Approach

	3.4 Presentation of Case Studies

	4 Multi-level Forecasting in Southern California
	4.1 The Context in Southern California
	4.2 Demand Forecast by the Regional Importer
	4.3 Demand Projection at the Scale of Water Services

	5 The United Kingdom: The Micro-Component Approach
	5.1 Regulatory Frameworks and National Guidelines for Demand Forecasting
	5.2 Thames Water Forecasting Methodology: Overview
	5.2.1 Population Forecast
	5.2.2 Per Capita Consumption Modeling and Forecasting
	5.2.3 Final Household Demand Forecast
	5.2.4 Non-household Demand Forecast
	5.2.5 Uncertainty Assessment


	6 State-Level Forecasting in Western Australia
	6.1 Overview of the Forecasting Approach
	6.2 Accounting for Uncertainty with Scenarios

	7 Discussion and Conclusion
	7.1 An Outlook for the Water Industry
	7.2 Research Perspectives

	References

	Chapter 12: The Use of Non-pricing Instruments to Manage Residential Water Demand: What Have We Learned?
	1 Introduction
	2 Non-pricing Policies and Their Impact on Residential Water Demand
	2.1 Technological Tools
	2.2 Educational Tools
	2.3 Informational Tools: Labelling Schemes
	2.4 Legislative Tools

	3 Pricing Policies Versus Non-pricing Policies: Advantages and Disadvantages
	4 Conclusions
	References

	Chapter 13: The Social Determinants of Water Consumption in Australian Cities
	1 Introduction
	2 A Little History of Urban Water Services
	3 Water Supplies
	4 Water Consumption: Domestic
	5 Water Consumption: Industrial
	6 Environmental Concerns
	7 An Alternative Approach?
	8 Domestic Demand
	9 Reduction in Domestic Water Consumption
	10 Conclusion
	References

	Chapter 14: Non-household Water Demand: The Industrial and Commercial Sectors
	1 Introduction
	2 Features of Industrial and Commercial Water Use
	3 Economic Determinants of Commercial and Industrial Water Use
	4 Promoting Conservation
	5 Conclusions
	References

	Chapter 15: Integrating Social Aspects into Urban Water Pricing: Australian and International Perspectives
	1 Introduction
	2 Overview of Social Equity Aspects in Urban Water Policy
	3 Water Pricing Principles and Objectives
	3.1 Processes: Water Tariff Structure and Design
	3.1.1 Decreasing Block Tariff (DBT)
	3.1.2 Two-Part Tariff (TWT)
	3.1.3 Increasing Block Tariff (IBT)
	3.1.4 Scarcity Pricing
	3.1.5 Adapted IBT

	3.2 Outcomes: Water Affordability Analysis
	3.3 Relevant Social Policies
	3.3.1 Types of Targeted Measures
	Free Water Allowance
	Price Reduction with Conditions
	Cross-Subsidisation and Price Differentiation
	Debt Aid
	Output-Based Subsidies
	Water Concessions



	4 Australian Urban Water Pricing and Concession Policy
	4.1 Urban Water Regulatory and Pricing Framework
	4.2 Urban Water Tariffs in Major Cities
	4.3 Trends in Water Consumption and Expenditure
	4.4 Water Affordability Analysis of Major Cities Over Time
	4.5 Water Affordability Across Income Quintiles
	4.6 Water Concessions in Australian Cities
	4.6.1 Scenario 1: Low Water Consumption Households
	4.6.2 Scenario 2: Average Water Consumption Households
	4.6.3 Scenario 3: High Water Consumption Households


	5 Conclusions
	 Appendix: State-by-State Water Concession Policies in Australian Cities, 2011/12
	References

	Chapter 16: Does Residential Water Use Depend on Water Quality? Some Answers from a French Case Study
	1 Introduction
	2 Water Quality and Its Impact on Residential Water Consumption: A Brief Review
	3 French Case Study
	3.1 Regulation of Tap Water Quality in France
	3.2 Area of Interest
	3.3 Data Sources
	3.3.1 Water Consumption and Water Utility Characteristics
	3.3.2 Data on Water Quality at the Tap
	3.3.3 Data on Groundwater Quality
	3.3.4 Data on Surface Water Quality
	3.3.5 Other Data

	3.4 Model and Estimation Strategy
	3.5 Descriptive Statistics
	3.6 Empirical Results
	3.6.1 Tap Water Demand Equation
	3.6.2 Tap Water Price Equation
	3.6.3 Tap Water Quality Equation


	4 Conclusions
	 Appendix
	References

	Chapter 17: A Simulation Model for Understanding the Consequences of Alternative Water and Wastewater Tariff Structures: A Case Study of Fayoum, Egypt
	1 Introduction
	2 Description of the Fayoum Water and Wastewater Company
	2.1 Number of Accounts, Revenues, and Costs
	2.2 Current Tariff Scheme

	3 Analytical Framework and Modelling Strategy
	3.1 Model Objectives
	3.2 Alternative Tariff Structures to be Examined
	3.3 Solution Procedure: Setting the Volumetric Price and Fixed Charge
	3.3.1 Water
	3.3.2 Wastewater
	3.3.3 Customer Classes

	3.4 Assessing the Performance of the Tariff Options: Affordability Indices
	3.5 Model Architecture
	3.6 Model Assumptions
	3.6.1 Customer Response to Prices
	3.6.2 Price Elasticity
	3.6.3 Income Growth and Income Elasticity
	3.6.4 Threshold Domestic Water Use
	3.6.5 Population Growth
	3.6.6 Sanitation Coverage
	3.6.7 Collection Rate


	4 Simulation Results
	4.1 Tariff Option 1: Increasing Block Tariff with First Block 0–10 m3/month (IBT10)
	4.2 Tariff Option 2: Increasing Block Tariff With a First Block Set at 5 m3/month (IBT5)
	4.3 Sensitivity Analysis

	5 Discussion
	 Appendix 1: Equations of the Simulation Model
	2.1 Fixed Charge and Prices in Year t
	2.2 Description of the Customer’s Behaviour
	Domestic Customers
	 Non-domestic Customers
	 Domestic Customers
	Non-domestic Customers


	 Appendix 2: Assumptions on Collection Rates
	References

	Chapter 18: Managing Water Variability Issues
	1 Introduction
	2 Economics of Augmentation and Use Decisions
	2.1 Nature of Urban Water Supply
	2.2 Economics of Investment: No Storage
	2.3 Implications of Storage
	2.3.1 Implications Under Certainty
	2.3.2 Introducing Uncertainty


	3 Water Security
	4 Institutional Design
	5 Conclusion
	 Appendix
	Outline Placeholder

	References

	Chapter 19: Volumetric Water Pricing, Social Surplus and Supply Augmentation
	1 Introduction
	2 Efficient Water Pricing
	2.1 Volumetric Prices and Supply Augmentation
	2.2 Natural Monopoly
	2.3 Block-Rate Pricing
	2.4 Regulated Prices

	3 Regulatory Water Pricing: Sydney, Australia
	4 Dynamically Efficient Water Pricing: Sydney, Australia
	4.1 Model Specification
	4.2 Backstop Technology and Weather Realizations
	4.3 Method of Solution
	4.4 Welfare Losses from Premature Supply Augmentation

	5 Implications and Conclusions
	 Appendix
	Baseline Scenario Dynamic Optimization Problem
	 Desalination Scenario Dynamic Optimization Problem

	References


	Part III: Water Governance and Integrated Management
	Chapter 20: Governance and Regulation of the Urban Water Sector: Quoi de Neuf?
	1 Introduction
	2 Devolution
	2.1 Australian Experience
	2.2 French Experience
	2.3 Synthesis

	3 Sophistication in Regulation
	3.1 Australian Experience
	3.2 French Experience
	3.3 Synthesis

	4 Social and Environmental Concerns
	4.1 Australian Experience
	4.2 French Experience
	4.3 Synthesis

	5 Water Sector Governance and Regulation: Continuously Fluid?
	References

	Chapter 21: Public–Private Partnerships and Their Ownership in the Urban Water Sector
	1 Introduction
	2 Models of PPP in the Urban Water Sector
	3 Rationale and Limits to PPPs in the Water Sector
	3.1 Rationale for PPPs in the Water Sector
	3.2 Some Limits to the Use of PPPs in the Water Sector

	4 Performance of PPPs: Some Elements from the Empirical Literature
	4.1 Technical and Cost Efficiency
	4.2 Water Prices
	4.3 Access to Water and Sanitation Services

	5 Conclusion
	References

	Chapter 22: Issues of Governance, Policy, and Law in Managing Urban–Rural and  Groundwater–Surface Water Connections
	1 Introduction
	2 Interactions Between Groundwater and Surface Water
	2.1 Background
	2.2 Managing the Impacts of Pumping Groundwater on Surface Waters
	2.2.1 The Californian Regulatory Approach: From Subterranean Streams to Groundwater Management Plans
	2.2.2 Curtailing Groundwater Pumping to Protect Surface Waters: California American Water and the Carmel River
	2.2.3 Managing Surface Water–Land use–Groundwater Links Under Groundwater Management Plans
	2.2.4 Outstanding Challenges

	2.3 Using Managed Aquifer Recharge for Urban Water Supply
	2.3.1 The Californian Regulatory Approach: Special Purpose Institutions and Water Quality
	2.3.2 Reusing Water for Drinking and Preventing Seawater Intrusion: The Orange County Water District
	2.3.3 Water Banking Using MAR: The Kern Water Bank
	2.3.4 Outstanding Challenges


	3 Interactions Between Urban and Rural Water Systems
	3.1 Background
	3.2 Transferring Water from Agriculture to Cities
	3.2.1 The Californian Regulatory Approach: Managing the Potential for Adverse Impacts
	3.2.2 Making a Large Agriculture–Urban Transfer in Southern California: The Imperial Irrigation District to San Diego
	3.2.3 Exchanging Water Sources Between Agricultural and Urban Users in the Central Valley
	3.2.4 Outstanding Challenges

	3.3 Transferring Urban Wastewater from Cities to Agriculture
	3.3.1 The California Regulatory Approach: Recycled Water Standards
	3.3.2 Meeting Water Demands and Alleviating Overdraft: Establishing Irrigation Using Reclaimed Water in Monterey
	3.3.3 Paying for Reclaimed Water in Agricultural Reuse Programs: The Pajaro Valley Case
	3.3.4 Outstanding Challenges


	4 Conclusion
	References

	Chapter 23: Integrated Management of Urban Water Supply and Water Quality in Developing Pacific Island Countries
	1 Introduction
	1.1 Water Security in PICs
	1.2 Urbanisation and Water Quality
	1.3 Scope of This Chapter

	2 Development, Water, and Aid
	3 Water Governance
	3.1 Resource Ownership and Customary Rights
	3.2 Development of Policy, Plans, and Legislation
	3.3 Peak Water Bodies
	3.4 Adaptive Process for Policy Development

	4 Resource Assessment and Monitoring
	5 Protection of Water Sources and Water Quality
	5.1 Water Reserves
	5.2 Water Reserve Management Committees
	5.3 Appropriate Technology
	5.4 Sewage and Waste Contamination
	5.5 Water Treatment

	6 Management of Demand and Losses
	6.1 Estimating Demand
	6.2 Non-Revenue Water
	6.3 Rainwater Harvesting
	6.4 Demand Management
	6.5 Urban Growth

	7 Capacity Building
	8 Community Empowerment
	9 Coping with Climate Variability and Change
	9.1 Climate Variability
	9.2 Climate Change
	9.3 Adaptation to Change

	10 Conclusions
	References

	Chapter 24: The “Renaturation” of Urban Rivers: The Case of the St Charles River in Quebec
	1 Introduction
	2 The Concept of Renaturation: Definition, Evolution, and Issues
	2.1 Renaturation: Definition and Principal Characteristics
	2.2 The French Experience: Renaturation Limited to the Landscaping of River Banks in Urban Milieus
	2.3 An Operational Concept in Rural Milieus, But the Number of Major Projects Remains Low

	3 The Case of the Renaturation of the St Charles River in Quebec
	3.1 The Lower St Charles: The Major Axis of Urban Development
	3.2 From the “Kabir-Kouba Plan” to the “Renaturation” of the St Charles River
	3.3 The Fight Against Urban Sprawl: A New Environmental Priority for the Municipality of Quebec City?

	4 Discussion
	References

	Chapter 25: Adapting to Climate Change in Urban Water Management: Flood Management in the Rotterdam–Rijnmond Area
	1 Introduction
	1.1 Problem Description

	2 Case Study Description
	2.1 Adaptive Measures

	3 Building Code and Zoning Policies in the Netherlands
	3.1 European Legislation
	3.2 The Netherlands
	3.2.1 Policy
	3.2.2 Legislation

	3.3 Provinces
	3.3.1 Policy
	3.3.2 Legislation

	3.4 Municipality of Rotterdam
	3.4.1 Policies
	3.4.2 Legislation

	3.5 Water Boards
	3.5.1 Policies
	3.5.2 Legislation


	4 Implications of Policies and Laws on Adaptive Flood Management
	4.1 Little Experience
	4.2 Little Reason for Adaptive Building
	4.3 Laws and Regulations Are Unclear
	4.4 Most Adaptive Measures Cannot Be Enforced
	4.5 No Clear Safety Norms and Responsibilities for Compensation

	5 Recommendations and Conclusions
	References

	Chapter 26: Transboundary Urban Water: The Case of Singapore and Malaysia
	1 Introduction
	2 Malaysian Water Resources
	3 Water Dispute Between Singapore and Malaysia
	4 Singapore Water Management Policies and Practices
	5 Conclusion
	References

	Chapter 27: The Opportunities and Challenges of Implementing ‘Water Sensitive Urban Design’: Lessons from Stormwater Management in Victoria, Australia
	1 Introduction
	2 Water Sensitive Urban Design
	3 The Case Study: Stormwater Management in Victoria, Australia
	3.1 Policy and Legislative Context
	3.2 A Framework for Analysis
	3.3 Methodology

	4 Research Findings
	4.1 Overall Perceptions of Clause 56.07-4
	4.2 Factors for Successful Compliance
	4.2.1 Pre-planning Application Phase
	4.2.2 Planning Application and Approval Phase
	4.2.3 Post-planning Approval Phase

	4.3 Barriers to Successful Compliance
	4.3.1 Barriers in the Pre-planning Application Phase
	Limited Scope of Clause 56.07-4 to Residential Subdivisions
	Lack of ‘Fit for Purpose’ Technical Expertise for Pre-application Advice
	Uncertainty About, Long Term Management and Maintenance Costs of the Built Infrastructure and the Absence of a Market for WSUD

	4.3.2 Barriers in the Planning Application and Approval Phase
	Lack of Adequate Processes Within Councils to Successfully Implement Clause 56.07-4
	Lack of Enforcement

	4.3.3 Post-planning Approval Phase
	Lack of Oversight and Auditing of Construction Phase



	5 Discussion
	6 Conclusion
	References

	Chapter 28: How Does Energy Efficiency Affect Urban Water Systems?
	1 Introduction
	2 The Opportunity of Cities
	3 Quantification of Water-Related Energy in Cities
	4 Frameworks for Understanding Organisational and Urban Performance
	4.1 Organisational Performance and Management of  Water-Related Energy
	4.2 Connecting Water-Energy and Energy to Urban Performance

	5 How Can the Concept of Urban Metabolism Support Better Understanding and Management of Water-Related Energy?
	5.1 Application of Metabolism Theory: A Water Mass Balance
	5.2 Implications of the Water Mass Balance for Water-Related Energy Use

	6 Transitioning Urban Water Systems to Reduce Water-Related Energy
	6.1 Reducing Water-Related Energy in Current Systems
	6.2 Understanding and Managing Water-Related Energy in the Future

	7 Conclusions
	References


	Index

