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Preface

This book brings together chapters that discuss the possibilities for and
constraints to adapting to climate change in urban areas in low- and middle-
income nations. With the exception of the introductory chapter and the
conclusion, all of the chapters have been published as papers in the journal
Environment and Urbanization between 2007 and 2009. However, they are
scattered throughout five separate issues of the journal and we thought it was
worth bringing them together in a single volume; some of the chapters have also
been updated by their authors. 

Perhaps surprisingly, there is not a lot of published literature on climate
change adaptation in urban areas in low- and middle-income nations, although
there is some recent (if limited) evidence of increasing support. Although there is
a growing body of work on climate change adaptation, very little of it is on urban
areas or even considers urban areas. And within this limited literature, most is on
urban areas in high-income nations, even though most of the world’s urban
population is in low- and middle-income nations; these nations also have most of
the world’s urban population most at risk from climate change. There is more
international support for work on greenhouse gas emissions reduction
(mitigation) in urban areas in low- and middle-income nations, even though
most urban centres in these nations have much lower levels of emissions per
person than those in high-income nations and addressing adaptation issues is
more pressing.

The editors of Environment and Urbanization took a decision in 2006 to
encourage and support papers on climate change and cities in low- and middle-
income nations, particularly ones that focus on adaptation. By the April 2009
issue, 17 papers had been published on this topic. All but three of these are
published as chapters in this volume; the three that are not included did not focus
on adaptation, but on mitigation.1 The chapters in this volume are also intended
as a contribution to the Fifth Assessment of the Intergovernmental Panel on
Climate Change (IPCC): one of the main difficulties facing the authors of the
chapter in the IPCC’s Fourth Assessment on adaptation for ‘Industry, settlement
and society’ was the lack of published literature on this topic.

We are very grateful to Sage Publications for allowing us to republish the
papers drawn from Environment and Urbanization – and also for the many ways
in which they have helped to increase the circulation and impact of the journal.
Special thanks are due to the Swedish International Development Cooperation
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Agency (Sida) and the Royal Danish Ministry of Foreign Affairs (DANIDA)
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1

Adapting to Climate Change in Urban
Areas: The Possibilities and Constraints in

Low- and Middle-Income Nations1

David Satterthwaite, Saleemul Huq, Hannah Reid, Mark Pelling and Patricia
Romero Lankao

Introduction

The lives and livelihoods of hundreds of millions of people will be affected by
what is done (or not done) in urban centres with regard to climate change over
the next five to ten years. Urban centres are key players both in the generation of
greenhouse gases and in strategies to reduce this generation, especially in reducing
dependence upon carbon-based fuels.2 They also concentrate a large proportion
of those most at risk from the effects of climate change – and the enterprises that
generate most of the gross world product (GWP). While the need for city and
municipal governments and civil society groups to act to reduce greenhouse gas
emissions is well established – with many city governments in Europe and North
America and some in other regions already acting on this – the need to act to
reduce urban residents’ vulnerability to the many direct and indirect impacts of
climate change is not. In addition, most of the urban centres (and nations) that
face the highest risks from the negative effects of climate change are those with
small contributions to the greenhouse gases in the atmosphere; most also have
serious constraints on their capacity to adapt to these effects.

This introductory chapter seeks to provide a brief overview of the key issues
that are addressed in more depth and detail in Chapters 2 to 15. It also provides
some background on the scale and nature of urban change in low- and middle-
income nations, and considers why more attention needs to be paid both to
understanding urban contexts and to urban governance frameworks for effective
adaptation.
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The potential for adaptation

As the Fourth Assessment of the Intergovernmental Panel on Climate Change
(IPCC) notes, urban centres and the infrastructure they concentrate – and the
industries that are a key part of many such centres’ economic bases – are often
capable of considerable adaptation in order to reduce risks from the direct and
indirect impacts of climate change.3 All large urban centres have had to make very
large ‘adaptations’ to environmental conditions, site characteristics, natural
resources availability and environmental hazards to be able to function – for
instance, creating stable sites for buildings, putting in place the infrastructure that
all cities require, and ensuring provision for water and for managing wastewater
and storm and surface runoff. Successful and healthy cities are proof of the
adaptation capacities of their governments, citizens and enterprises. In any well-
governed city, there is already a great range of measures in place to ensure that
buildings and infrastructure can withstand extreme weather events and that water
supply systems can cope with variations in freshwater supplies. Good
environmental and public health services should also be able to cope with any
increase in other likely climate change-related health risks in the next few decades –
whether this is from heat waves or reduced freshwater availability or greater risks
from certain communicable diseases.

Thus, it is easy to envisage a process through which urban planning and
management ensures planned adaptation – with developments and investments
in and around each urban area reducing the risks for inhabitants, enterprises and
infrastructure from climate change-related impacts. So, over time, this adapts the
building stock, the industrial base, the infrastructure and the spread of urban
development to the risks that these changes bring. The tools and methods
required to do this are well known and their effectiveness has been demonstrated
in many locations – for instance, adjustments to building codes, land subdivision
regulations and infrastructure standards, combined with land-use planning that
restricts buildings in high-risk areas and makes special provision for extreme
events, including the use of insurance to spread risk and emergency services able
to act swiftly when needed. An inventory of industries and other activities with
the potential to cause serious secondary problems (such as fire or chemical
contamination) when a disaster happens is also necessary. There is a well-
established literature on the importance of integrating disaster preparedness
within urban and peri-urban development, and this disaster preparedness also
needs integrating within adaptation. For large well-established cities, there are
often particular problems with adjusting existing buildings, infrastructure and
land-use patterns to the new or heightened risks that climate change will or may
bring; but these can generally be addressed by long-term policies that make these
affordable by spreading the cost over long periods and by making use of potential
synergies between reducing climate change risks and reducing other
environmental risks. Most of the risks from climate change in the next few
decades heighten other risks that are already present.

4 Introduction
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In addition, all low-income and most middle-income nations have what
might be considered an advantage in that much of their ‘urbanization’ is to come
in the next few decades and, since it has not yet taken place, it can be planned
and managed in ways that accommodate the increased risks that climate change
is likely to bring. This can include measures to channel new urban growth away
from high-risk sites – for instance, from cities or city sites at high risk of moderate
sea-level rise and storm surges. There are some particular worries with regard to
the impact of the needed measures on housing and basic services for low-income
groups: higher building and infrastructure standards and land-use restrictions
(including avoiding new constructions on floodplains) could mean rising land
and housing prices and much reduced supplies of cheap accommodation; but
special measures can be taken to ensure sufficient supplies of well-located serviced
land for new housing. It is also easy to envisage this process addressing disasters
and other environmental hazards unrelated to climate change – for instance,
improved drainage and provision for coping with occasional heavy concentrated
rainfall that has long been a risk (and often produces serious flooding). It is also
easy to envisage this process incorporating measures that reduce greenhouse gas
emissions. There is evidence from some cities in low- and middle-income nations
of the kinds of discussions within their governments on what local adaptations
may be needed that can underpin good long-term planning for, and investment
in, adaptation – as shown by Debra Roberts’s discussion of Durban’s adaptation
plans in Chapter 11.

Thus, when problems concerning urban areas’ adaptation to climate change
are considered, independent of current conditions and government structures, it is
easy to conceive of a long-term process of support and funding for adaptation. At
least in the next 50 years or so, assuming that none of the uncertain but potentially
catastrophic climate change impacts take place,4 it seems that this might produce
the necessary adaptations in most locations without high costs. Certain cities,
smaller urban centres and rural districts face far more serious risks than others; but
it is possible to envisage an international funding system that gives special
attention to helping them adapt. It is also possible to envisage national adaptation
strategies that encourage and support urban development away from the areas
most at risk from climate change-related impacts. Most governments and many
international agencies have officially endorsed recommendations to move in this
direction – as in, for instance, the Hyogo Framework for Action.5

The constraints on implementation

It would be a mistake to assume that the above – a logical, justifiable, fundable
process driven by good science – provides a viable roadmap for action. The
examples of evolving good practice for adaptation in this book represent
exceptions and it is important to understand why this is so. It is easy for national
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governments to sign declarations at international conferences that recommend all
the needed measures – and then ignore them.

The best indication of the constraints on implementing adaptation comes
from the last 50 to 60 years of ‘development’. During the 1950s, it was easy to
envisage a process by which international funding for ‘productive activities’ and
the required infrastructure allied to ‘technical assistance’ would rapidly reduce
poverty and ‘underdevelopment’ in Africa, Asia and Latin America and the
Caribbean. Yet, more than five decades later, the number of people suffering
extreme poverty is much larger than it was in the 1950s. Indeed, there was a need
to launch the Millennium Development Goals in 2000 precisely to focus
attention on the vast scale of unmet needs, despite four ‘development decades’.
During the 1970s, many international agencies committed themselves to a new
focus on ‘meeting basic needs’, with detailed costings of what additional funding
this would require; four decades later, the number of people lacking access to the
most ‘basic needs’ is higher than it was in the 1970s. Today, there are more urban
dwellers living in very poor quality, overcrowded housing lacking basic
infrastructure and services in low- and middle-income nations than their entire
urban populations in 1975.6

Much of the physical growth and economic expansion in most cities in low-
and middle-income nations takes place outside any official plan and outside
official rules and regulations. This is also the case for most new housing that is
being built. In part, this is because large sections of the population could never
afford a house that met official standards (and often the standards are unrealistic
and their implementation cumbersome and costly). In part, it is because of a very
large mismatch between the growth of urban centres’ economic bases and
populations and the competence, capacity and accountability of local
government structures. There are important exceptions and these can be held up
as examples of ‘good practice’; but the political and economic circumstances that
underpinned their good practice are rarely transferable.

In urban centres in Africa, Asia and Latin America and the Caribbean,
hundreds of millions of people live in accommodation that is of poor quality,
with particular problems in relation to overcrowding, unsafe structures, insecure
tenure and inadequate provision for infrastructure, including that needed for
water, sanitation and drainage.7 Another indication of the scale of urban
problems is the number of people living in illegal settlements because they cannot
afford to buy, build or rent legal accommodation. In urban areas, it has now
become the norm rather than the exception for high proportions of urban
dwellers to live in informal settlements; it is common for cities to have 30 to 50
per cent of their entire population living in settlements that developed illegally.8

With regard to infrastructure, estimates for 2000 suggested that more than 680
million urban dwellers lacked adequate provision for water and 850 million or
more lacked adequate provision for sanitation.9 There are no estimates on
deficiencies in drainage infrastructure; but the lack of provision for sewers gives

6 Introduction

Chapter 01.qxd  4/30/2009  5:10 PM  Page 6



 

some indication of deficiencies here. Most urban centres in low-income nations
have no sewers at all or sewers that only serve a small proportion of the
population.10 Statistics on infant and child mortality rates for urban populations
show that these are often 5 to 20 times what they should be if families had
adequate incomes, reasonable quality housing and good healthcare.11 There are
also many case studies focusing on low-income urban populations that show very
large health burdens from diseases that should be easily prevented or cured – for
instance, diarrhoeal diseases, intestinal parasites, tuberculosis, malaria, dengue
fever and acute respiratory infections.12

In addition, we cannot consider the ‘adaptation’ that cities must make with
regard to climate change independent of the often very large deficits or
deficiencies in basic infrastructure (including storm and surface drains). It makes
no sense to discuss the vulnerability of urban populations to climate change and
responses to it separately from their current and often long-established
vulnerability to climate variability, including extreme weather events. There is a
long history of cities being seriously affected by climate variability that has
nothing to do with human-induced climate change. In addition, the Asian
tsunami of 2004 demonstrated the vulnerability of so many coastal settlements
(urban and rural), or specific populations within them, to the risk of flooding and
storm surges, even if an earthquake did cause them. The key here is to understand
how the processes that shape urbanization create or exacerbate risk – to climate
variability, to the direct and less direct impacts of climate change and to other
hazards unrelated to climate change or variability. At an international level, there
may be a desire to separate out the additional risks created by climate change
from those related to climate variability, earthquakes, tsunamis, etc. in measures
to assign responsibilities for meeting adaptation costs in low- and middle-income
nations to the nations with the largest historic and current contributions to
greenhouse gas emissions. But within each locality, what is needed is a coherent,
integrated response to all environmental hazards and risks.

There is not much point in discussing how city or municipal governments
can adapt to protect the populations within their jurisdiction from risks arising
from climate change when they have shown so little inclination or ability to
protect them from other environmental hazards. There are really two separate
issues here, although they often act together. The first issue is the incapacity of
urban governments in terms of their powers and the resources at their disposal,
and this in turn relates to the refusal of higher levels of governments to allow
them the powers and resources they require to address local needs and to the
long-established disinterest among most international agencies in supporting
urban development and urban governance reforms.13 The second issue is the
antagonistic relationship between urban governments and most low-income groups;
this also relates to urban governments’ lack of accountability to their urban
populations, but it goes beyond this. It is strongly reinforced by urban elites’
visions of what they see as a modern city and by real estate interests wanting
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access to land currently occupied by informal settlements. The urban poor are not
seen as critical parts of the city economy but as holding back the city’s success.
Official urban policies often increase poor people’s vulnerability to environmental
hazards and climate shocks rather than reduce them14 – and so they are best
conceived as maladaptation.

There is also not much point in discussing how to adapt urban planning and
its regulatory framework to reduce people’s vulnerability to climate change when
planning and regulation enforcement will only serve those with power and will
be used to evict and dispossess poorer groups whenever it serves those in power
to do so. Tens of millions of urban dwellers are forcibly evicted from their homes
each year – mostly without compensation or with inadequate or inappropriate
compensation.15

Many factors have contributed to this – for instance, in most urban centres,
the unrealistic minimum standards demanded for housing and plot sizes. Many
standards in sub-Saharan Africa, the Caribbean and Asia are still based on
regulations created under colonial rule. These were usually based on standards in
force in the colonial power, with no adjustment for extreme weather events
common in the colonies. Most were also originally instituted for use only within
areas of the colonial city that were inhabited by ‘non-natives’, and under colonial
rule these were never seen as measures to be implemented for entire city
populations. However, the issue is not that these regulations are inappropriate,
but, rather, that they are still used because they serve the interests of those in
power. The mechanisms for their enforcement are also often open to corrupt
practices, underpinned by the very large increases in land value that usually come
with permission to transfer use from agricultural to residential or commercial
use.16 Ironically, poverty may be lower in cities where regulations are not enforced
than where inappropriate regulations are enforced. For any growing city, what is
worse than expanding ‘squatter settlements’ is government authorities preventing
squatter settlements – which will mean poor families doubling and tripling up
within the existing housing stock.

Land-use planning could plan climate-related hazards out of urban
expansion by avoiding the sites most at risk and by ensuring that plot layouts and
infrastructure standards for new developments can cope with extreme weather.
But land-use planning and the regulations it incorporates can act to reduce or
increase the price and availability of legal housing because of their influence on
the price and availability of land with infrastructure and services. Thus, how land-
use planning measures respond to climate change risks has very large implications
for the possibilities of low- and middle-income households to buy, build or rent
good quality legal accommodation with infrastructure in areas that are not at risk
from floods or landslides. Where governments have the competence and capacity
to support locally appropriate land-for-housing development and subdivision
regulations, this improves housing conditions and greatly widens housing
possibilities for low-income households.17

8 Introduction
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Box 1.1 Some definitions of terms

Adaptation to (human-induced) climate change: actions to reduce the vulnerability
of a system (e.g. a city), population group (e.g. a vulnerable population in a city)
or an individual or household to the adverse impacts of anticipated climate
change due to the emission of greenhouse gases. Adaptation to climate variability
consists of actions to reduce vulnerability to short-term climate shocks (with or
without climate change). Often, adaptation to climate change will also result in
adaptation to climate variability (as a co-benefit). However, individual
adaptation can undermine collective resilience or compromise collective
adaptive capacity (see Chapter 10).

Adaptive capacity: inherent capacity of a system (e.g. a city government),
population (e.g. low-income community in a city) or individual/household to
undertake actions that can help to avoid loss and can speed recovery from any
impact of climate change. Elements of adaptive capacity include knowledge,
institutional capacity, and financial and technological resources. Low-income
populations in a city will tend to have lower adaptive capacity than high-income
populations because of their reduced capacity to afford good-quality housing
on safe sites and avoid dangerous livelihoods.There is also a wide range among
city and national governments in their adaptive capacities, relating to the
resources available to them, the information base to guide action, the
infrastructure in place, and the quality of their institutions and governance
systems.

Adaptation deficit: lack of adaptive capacity to deal with the problems of
climate variability and climate change. In many cities and most small urban
centres, the main problem is the lack of provision for infrastructure (such as all-
weather roads, piped water supplies, sewers, drains and electricity) and the lack
of capacity to address this. This is one of the central issues with regard to
adaptation because most discussions on this issue focus on adjustments to
infrastructure – but you cannot climate-proof infrastructure that is not there. In
addition, funding for climate change adaptation has little value if there is no local
capacity to design, implement and maintain the necessary adaptation measures.

Adaptation and mitigation linkages: mitigation (the reduction of greenhouse
gas emissions and other measures to reduce global warming) results in avoiding
the adverse impacts of climate change in the long run (at least the incremental
impacts due to the greenhouse gases not emitted), while adaptation can reduce
the unavoidable impacts in the near term (but cannot reduce them to zero).
Failure to mitigate will lead eventually to failure of adaptation; hence, adaptation
and mitigation are not alternative strategies but complementary ones that need
to be pursued together. But most of the people and places at greatest risk from
climate change are not those with large historic or current contributions to
greenhouse gases. Failure to mitigate sufficiently in high-income nations will
create ever more adaptation failures, mostly in low- and middle-income
nations, including many nations with insignificant historic and current
contributions to climate change.
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Adaptation in situ: actions that enable vulnerable populations to adapt
successfully to climate change (and climate variability) in the places where they
currently live, including adaptations made or supported by local governments.
In most instances, vulnerable urban populations would prioritize in situ
adaptation because their current home and location were chosen for their
access to income-earning opportunities.

Autonomous adaptation: in the climate change literature, a distinction is
drawn between planned adaptation (the result of a deliberate policy decision)
and autonomous adaptation (or spontaneous adaptation) that is not.
Autonomous adaptation is also used to refer to adaptations undertaken by
households or enterprises, independent of government.

Climate change and climate variability: in this book, the term climate change
is used to refer to changes in climate attributed to human activity; climate
variability includes variations that are not related to human-induced climate
change.

Climate change risk: additional risks to people and their
livelihoods/investments (e.g. buildings, infrastructure) due to the potential
impacts of climate change.These risks can be direct, as in larger and/or more
frequent floods or more intense and/or frequent storms, or heat waves; or less
direct, as climate change negatively affects livelihoods or food supplies (and
prices), or access to water needed for domestic consumption or livelihoods.
Certain groups may face increased risks from measures taken in response to
climate change – including adaptation measures (e.g. measures to protect
particular areas of a city from flooding that increase flood risks ‘downstream’)
and mitigation measures (e.g. emphasis on new hydropower schemes that
displace large numbers of people).

Limits to adaptation: adaptation can reduce the adverse impacts of climate
change considerably but cannot reduce them to zero.Thus, there are limits to
adaptation. Also, certain places become permanently beyond adaptation (e.g.
coastal zones inundated by sea-level rise), and the number of these places (and
the populations at risk) obviously rises without successful mitigation.

Maladaptation: actions or investments that increase rather than reduce
vulnerability to impacts of climate change. This can include the shifting of
vulnerability from one social group or place to another; it also includes shifting
risk to future generations and/or to ecosystems and ecosystem services. Many
investments being made in cities are, in fact, maladaptive rather than adaptive,
as they decrease resilience to climate change. Removing maladaptations is often
the first task to be addressed even before new adaptations.

Planned adaptation: adaptations that are planned in anticipation of potential
climate change. Generally, government agencies have a key role in providing the
information about current and likely future risks and in providing frameworks
that support individual, household, community and private-sector adaptation.
However, governments often do not fulfil this role, and community-based
organizations and other civil society organizations may be the initiators and
supporters of planned adaptation.

Chapter 01.qxd  4/30/2009  5:10 PM  Page 10



 

The urban context

The scale of urbanization in low- and middle-income nations18

Urban areas in low- and middle-income nations house more than one third of the
world’s total population, nearly three-quarters of its urban population and most
of its large cities. They contain most of the economic activities in these nations
and most of the new jobs created over the last few decades. They are also likely
to house most of the world’s growth in population in the next 10 to 20 years.19

With regard to climate change, they already house a large proportion of the
population and the economic activities most at risk from extreme weather events
and sea-level rise – and this proportion is increasing (see Chapter 2).

Half of the world’s current population of around 6.4 billion people live in
urban centres,20 compared to less than 15 per cent in 1900.21 Many aspects of
urban change in recent decades are unprecedented, including not only the world’s
level of urbanization and the size of its urban population, but also the number of
countries becoming more urbanized and the size and number of very large cities.
The populations of dozens of major cities have grown more than tenfold in the
last 50 years, and many have grown more than 20-fold.22 There are also the large
demographic changes apparent in all nations over the last 50 years that influence
urban change, including rapid population growth rates in much of Latin
America, Asia and Africa after World War II (although, in most cases, these have
declined significantly), and changes in the size and composition of households
and in age structures.23

Table 1.1 shows the scale of urban population growth since 1950. Asia now
has close to half the world’s urban population, and Africa has a larger urban
population than Northern America or Western Europe, even though it is often
perceived as overwhelmingly rural. In 1950, Europe and Northern America had
more than half the world’s urban population; by 2000, they had little more than
one quarter.

Two aspects of the rapid growth in the world’s urban population since 1950
are the increase in the number of large cities and the historically unprecedented
size of the largest cities. Just two centuries ago, only two cities had more than 1
million inhabitants – London and Beijing (then called Peking). By 1950, there

Adapting to Climate Change in Urban Areas 11

Resilience: resilience is a product of governments, enterprises, populations
and individuals with strong adaptive capacity. It indicates a capacity to maintain
core functions in the face of hazardous threats and impacts, especially for
vulnerable populations. It usually requires a capacity to anticipate climate
change and to plan needed adaptations.The resilience of any population group
to climate change interacts with its resilience to other dynamic pressures,
including economic change, conflict and violence.
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Table 1.1 The distribution of the world's urban population by region, 1950–2010

Region or country 1950 1970 1990 2000 Projected Projected
for 2010 for 2020

Urban populations (millions of inhabitants) 

World 737 1332 2275 2854 3495 4210
High-income nations 427 652 818 873 925 972
Low- and middle-income nations 310 680 1456 1981 2570 3237
‘Least developed countries’ 15 41 110 169 254 376

Africa 33 86 204 295 412 566
Asia 237 485 1015 1373 1770 2212
Europe 281 412 509 520 530 540
Latin America and the Caribbean 69 164 314 394 471 543
Northern America 110 171 214 250 286 321
Oceania 8 14 19 22 25 28

Urbanization level (percentage of population living in urban areas) 

World 29.1 36.0 43.0 46.6 50.6 54.9
High-income nations 52.5 64.6 71.2 73.1 75.0 77.5
Low- and middle-income nations 18.0 25.3 35.1 40.2 45.3 50.5
‘Least developed countries’ 7.3 13.1 21.0 24.8 29.4 35.0

Africa 14.5 23.6 32.0 35.9 39.9 44.6
Asia 16.8 22.7 31.9 37.1 42.5 48.1
Europe 51.2 62.8 70.5 71.4 72.6 74.8
Latin America and the Caribbean 41.4 57.0 70.6 75.3 79.4 82.3
Northern America 63.9 73.8 75.4 79.1 82.1 84.6
Oceania 62.0 70.8 70.6 70.4 70.6 71.4
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Region or Country 1950 1970 1990 2000 2010 Projected
for 2020

Percentage of the world's urban population living in:

World 100.0 100.0 100.0 100.0 100.0 100.0
High-income nations 58.0 49.0 36.0 30.6 26.5 23.1
Low- and middle-income nations 42.0 51.0 64.0 69.4 73.5 76.9
‘Least developed countries’ 2.0 3.1 4.9 5.9 7.3 8.9

Africa 4.4 6.5 9.0 10.3 11.8 13.5
Asia 32.1 36.4 44.6 48.1 50.6 52.5
Europe 38.1 30.9 22.4 18.2 15.2 12.8
Latin America and the Caribbean 9.4 12.3 13.8 13.8 13.5 12.9
Northern America 14.9 12.9 9.4 8.8 8.2 7.6
Oceania 1.1 1.0 0.8 0.8 0.7 0.7

Nations with largest urban populations in 2000

China 9.8 10.9 13.8 15.9 17.4 18.0
India 8.6 8.2 9.7 10.1 10.5 11.2
US 13.7 11.6 8.5 7.9 7.4 6.9
Brazil 2.6 4.0 4.9 5.0 4.9 4.7
Russian Federation 6.2 6.1 4.8 3.8 2.9 2.3

Source : derived from statistics in United Nations, Department of Economic and Social Affairs, Population Division (2008) World Urbanization Prospects: The
2007 Revision, CD-ROM edition, data in digital form (POP/DB/WUP/Rev.2007), United Nations, New York
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were 77 ‘million cities’; and by 2000 there were 378, mostly in low- and middle-
income nations. The size of the world’s largest cities has also increased
dramatically. In 2000, the average size of the world’s 100 largest cities was around
6.2 million inhabitants, compared to 2.1 million inhabitants in 1950 and 
0.7 million in 1900. While there are examples over the last two millennia of cities
that had populations of 1 million or more inhabitants, the city or metropolitan
area with several million is a relatively new phenomenon – London being the first
to reach this size in the second half of the 19th century.24 By 2000, there were 
44 cities with more than 5 million inhabitants.

14 Introduction

Table 1.2 The distribution of the world's largest cities by region over time

Region 1800 1900 1950 2000

Number of ‘million cities’

World 2 16 77 378
Africa 0 0 2 37
Asia 1 3 28 192
China 1 1 11 86
India 0 1 5 33

Europe 1 9 23 53
Russian Federation 0 2 2 13

Latin America and the Caribbean 0 0a 8 49
Brazil 0 0 2 15

Northern America 0 4 14 41
US 0 4 12 37

Oceania 0 0 2 6
Regional distribution of the world’s largest 100 cities

World 100 100 100 100
Africa 5 2 3 9
Asia 64 21 41 48
China 23 12 17 17
India 19 4 6 8

Europe 28 54 27 10
Russian Federation 2 2 2 2

Latin America and the Caribbean 3 5 8 16
Brazil 1 1 2 8

Northern America 0 16 19 15
US 0 15 17 13

Oceania 0 2 2 2
Average size of the world's 100 
largest cities (population) 184,270 722,760 2.1 million 6.2 million

Note : a Some estimates suggest that Rio de Janeiro had reached 1 million inhabitants by 1900,
while other sources suggest it had just under 1 million. 
For 1950 and 2000, only data from the United Nations Population Division is used. Combining
data on city populations from different sources can create problems because these sources often
use different criteria. For instance, for Germany, there are different interpretations of where major
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Drivers of urban change

Three drivers of increased vulnerability to climate variability and change in urban
areas need consideration: the drivers of urbanization and other aspects of urban
change; the weaknesses and incapacities of governments; and the development
and expansion of cities in high-risk sites. The interest here is to understand how
the processes that drive or shape urban change create risk from a range of hazards,
including those that climate change is likely to create or exacerbate. This section
focuses on the drivers of urban change, with subsequent sections examining the
other two.

Understanding what causes and influences urban change within any nation
is complicated. Consideration has to be given to changes in the scale and nature
of the nation’s economy and its connections with neighbouring nations and the
wider world economy – also to decisions made by national governments, national
and local investors and the 30,000 or so global corporations that control such a
significant share of the world’s economy. Urban change within all nations is also
influenced by the structure of government (especially the division of power and
resources between different levels of government), and the extent and spatial
distribution of transport and communications investments. The population of
each urban centre and its rate of change are also influenced not only by such
international and national factors, but also by local factors related to each very
particular local context – including the site, the location and natural resource
endowment; the population’s demographic structure; the existing economy and
infrastructure (the legacy of past decisions and investments); and the quality and
capacity of public institutions.

The immediate cause of urbanization25 is the net movement of people from
rural to urban areas. The main underlying cause is the concentration of new

Adapting to Climate Change in Urban Areas 15

city and metropolitan area boundaries should be drawn, which greatly influences the number of
German cities in any ‘large’ or ‘million’ city list. In this table, cities that have changed their
country classifications and nations that have changed regions are considered to be in the country
or region that they are currently in for this whole period. For instance, Hong Kong is counted as
being in China for all the above years, while the Russian Federation is considered part of Europe. 

Source : Satterthwaite, D. (2007) The Transition to a Predominantly Urban World and Its
Underpinnings, Human Settlements Urban Change Discussion Series 4, IIED, London, 90pp;
updated drawing data for 1950 and 2000 from United Nations, Department of Economic and
Social Affairs, Population Division (2008) World Urbanization Prospects: The 2007 Revision, 
CD-ROM edition, data in digital form (POP/DB/WUP/Rev.2007), United Nations, New York.
For 1900 and 1800, data came from an IIED database with census data and estimates for city
populations drawn from a great range of sources, including Chandler, T. and Fox, G. (1974)
3000 Years of Urban Growth, Academic Press, New York and London; also Chandler, T. (1987)
Four Thousand Years of Urban Growth: An Historical Census, Edwin Mellen Press, Lampeter, UK,
656pp; and Showers, V. (1979) World Facts and Figures, John Wiley and Sons, Chichester, 
757pp. For Latin America, it also drew on a review of 194 published censuses.
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investment and economic opportunities in particular urban areas. Virtually all
the nations that have urbanized most over the last 50 to 60 years have had long
periods of rapid economic expansion and large shifts in employment patterns
from agricultural/pastoral activities to industrial, service and information
activities. In low- and middle-income nations, urbanization is overwhelmingly
the result of people moving in response to better economic opportunities in the
urban areas, or to the lack of prospects in their home farms or villages. The scale
and direction of people’s movements accord well with changes in the spatial
location of economic opportunities. In general, it is cities, small towns or rural
areas with expanding economies that attract most migration.26 By 2004, 97 per
cent of the world’s GDP was generated by industry and services, most of which
comes from urban-based enterprises, and around 65 per cent of the world’s
economically active population were working in industry and services. Most of
the world’s largest cities are in the world’s largest economies.27 Political changes
have had considerable importance in increasing levels of urbanization in many
nations over the past 50 to 60 years, especially the achievement of political
independence (which often also meant the dismantling of apartheid-like colonial
controls on the rights of inhabitants to live or work in urban areas in many
nations) and the building of government structures. These had particular
importance for much of Asia and Africa but had much less effect in most nations
from the 1980s onwards.

Do climate change and disaster specialists understand what drives and shapes
urban change? With a few honourable exceptions, the literature suggests that they
have a simplistic, often stereotyped ‘urban population explosion’ or ‘rural-
push/urban-pull’ view of urban change. This often fails to consider why
urbanization is taking place, what drives people to concentrate in specific urban
locations, and what particular processes make the population of each urban
centre (or particular groups within it) vulnerable to environmental hazards. There
is often an assumption that all nations are urbanizing (which is not true) and that
all urban centres face rapid population increases (which is also not true, as an
analysis of urban change in any nation between two censuses shows). There are
many large cities, small cities and small towns in Africa, Asia and Latin America
that do not have rapidly growing populations. Among the very large cities,
Mexico City, São Paulo, Rio de Janeiro, Buenos Aires, Kolkata (formerly
Calcutta) and Seoul had more people moving out than moving in during their
most recent inter-census period.28

Aggregate urban statistics are often interpreted as implying comparable
urban trends across the world or for particular continents. But they obscure the
diversity between nations and hide the particular local and national factors that
influence these trends. Recent censuses show that the world today is actually less
urbanized and less dominated by large cities than had been anticipated. Analyses
of urban change within any nation over time show the rising and falling
importance of different urban centres, the spatial influence of changes in

16 Introduction

Chapter 01.qxd  4/30/2009  5:10 PM  Page 16



 

governments’ economic policies (e.g. from supporting import substitution to
supporting export promotion) and of international trade regimes, the growing
complexity of multi-nuclear urban systems in and around many major cities –
and the complex and ever-shifting patterns of migration from rural to urban
areas, from urban to urban areas and from urban to rural areas. International
immigration and emigration have strong impacts upon the population size of
particular cities in most nations. But it is not only changing patterns of prosperity
or decline that underpin these flows – many cities have been affected by war, civil
conflict or disaster, or by the arrival of people fleeing these events.

If our concern is to understand better what makes urban centres and
populations at risk from climate change, we need to understand why urban
populations (or subgroups within a population) often concentrate in high-risk
areas and why urban processes can greatly magnify the size of the risk and of the
population at risk. It is common to see urbanization listed as a ‘driver’ of
vulnerability but this is questionable for two reasons: first, in some locations
urbanization is associated with much-reduced vulnerability to extreme weather
events and other environmental hazards; and, second, urbanization is not so
much a driver as a result of other drivers. Unlike other areas of climate change
research (e.g. agricultural vulnerability), no systemic methodologies and studies
have been developed to understand urban vulnerability in the context of multiple
stressors, to address the determinants of vulnerability and poverty in urban areas,
and to explore the constraints and windows of opportunity (e.g. innovative
approaches) in order to increase the adaptive capacity or resilience of the urban
poor.29

Although rapid urban growth is often seen as ‘a problem’, it is generally the
nations with the best economic performance that have urbanized most in the last
50 years.30 In addition, there is often an association between rapid urban change
and better standards of living. Not only is most urbanization associated with
stronger economies; but, generally, the more urbanized a nation, the higher the
average life expectancy and literacy rate and the stronger the democracy,
especially at the local level. Many of the largest cities may appear chaotic and out
of control; but most have life expectancies and provision for piped water,
sanitation, schools and healthcare that are well above their national average –
even if the aggregate statistics for each large city can hide a significant proportion
of their population living in very poor conditions. Some of world’s fastest-
growing cities over the last 50 years also have among the best standards of living
within their nations.31 A concern for development and for reducing urban
populations’ vulnerability to hazards (including those associated with climate
change) should include a focus not only on large or fast-growing cities, but also
on smaller urban centres and urban centres that are not growing rapidly since
these contain a high proportion of the urban population.32

There is often an assumption that agriculture should be considered as separate
from or even in opposition to urban development, and that ‘rural’ development is
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needed to help reduce rural–urban migration. But successful rural development
often increases rural–urban migration as higher-value crops and higher incomes
among rural populations increase demand for goods and services in urban
centres.33 Many major cities first developed as markets and service centres for
farmers and rural households and later developed into important centres of
industry and/or services.34 Many such cities and a high proportion of smaller
urban centres still have significant sections of their economy and employment
structure related to forward and backward linkages with agriculture.35 All urban
centres rely on rural ecosystem services (see, in particular, Chapter 14). However,
rapid urbanization can mean rapid industrial, commercial and residential
developments on land sites that should remain undeveloped (see Box 1.2).

18 Introduction

Box 1.2 Economic development and ecosystem change
in the Gulf of Mexico

The coastal states around the Gulf of Mexico are home to more than 55 million
people – and have many critical ecosystems such as wetlands, seagrass beds,
mangroves, barrier islands, sand dunes, coral reefs and marine forests.These are
obviously influenced by the heavy concentration of economic activities –
petroleum production, fisheries, agriculture, forestry and tourism. The Gulf
concentrates a high proportion of US offshore oil production and of Mexico’s
total oil production, and the oil and gas industry supports an enormous
complement of land-based companies and facilities, including chemical
production, oil field equipment dealers, cement suppliers, caterers, divers,
platform fabrication yards and shipyards. The Gulf coastal fisheries are almost
entirely dependent upon estuarine wetlands – and wetlands are an important
natural buffer for storm surges while also having many important ecological
functions, including those related to fisheries and water quality. Almost 
1 million hectares of coastal mangroves were destroyed on the Mexican Gulf
coast between the 1970s and the early 1990s.a The main drivers for wetland
conversion in Mexico are large-scale tourism development, urbanization and
agriculture. In addition, wetlands are extremely sensitive to sea-level rise;
adaptation should mean maintaining their functions and productivity. For some,
adaptation is only possible if there is room for them to migrate inland – or space
for the creation of new wetlands to compensate for those that cannot migrate
inland due to topographical or other natural constraints.

aYanez-Arancibia, A. and Day, J. W. (2004) ‘The Gulf of Mexico: Towards an integration 
of coastal management with large marine ecosystem management’, Ocean and Coastal
Management, vol 47, pp537–563
Source: Levina, E., Jacob, J. S., Ramos, L. E. and Ortiz, I. (2007) ‘Policy frameworks for
adaptation to climate change in coastal zones: The case of the Gulf of Mexico’, Paper
prepared for the OECD and International Energy Agency, Paris, 68pp
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The other urban issue that needs highlighting is that many of the regions with
the most rapid urban growth (and the largest in-migration flows) are coastal areas
at risk from sea-level rise and the likely increase in intensity and frequency of
extreme weather events (see Chapters 2 and 14). The dynamics behind this will
be very difficult to change – and there is also a high potential for government
policies aiming to do so to cause serious damage to the economic prospects of
low-income nations and the livelihood opportunities for low-income
populations. In virtually all nations, it is where private investments and
enterprises choose to concentrate that drives most urbanization.36

Vulnerability

Vulnerability to climate change is understood to mean the potential of people to
be killed, injured or otherwise harmed by the direct or indirect impacts of climate
change. This is most obvious with regard to risk from extreme events (such as
storms or floods); but it includes risk from less direct impacts – for instance,
declining freshwater availability or livelihoods dependent upon climate-sensitive
resources.

Do urban specialists concern themselves with urban populations’
vulnerability to extreme weather events? Again, with a few honourable
exceptions, the literature suggests that they do not – although this is part of a
wider failure among urban specialists to give much consideration to the life- or
health-threatening risks to which urban populations (or particular groups within
urban populations) are exposed in their homes, neighbourhoods and workplaces
(see, in particular, Chapters 7, 8 and 10). Why have metropolitan, city and
municipal government structures not developed in step with rapid urban growth?
This is more easily explained in the many cities and smaller urban centres that
lack a prosperous economic base. But a large proportion of the urban population
most at risk from climate change lives in urban centres that have had very rapid
economic growth.

Aromar Revi’s discussion of climate change risk in India (see Chapter 14)
includes the comment that ‘Overall risk in Indian cities is typically associated
more with vulnerability than with hazard exposure’. This is worth considering
more generally in that so much of the human cost of extreme weather events in
urban centres in low- and middle-income nations comes not from the ‘hazard’ or
the ‘disaster event’, but from the inadequate provision of protection for urban
populations (or particular sections of the population) from these. For instance, in
many urban centres, the lack of provision for drainage (and for maintaining
existing drains) means that relatively minor rainstorms cause serious flooding (see
Chapters 4, 9 and 10).

For extreme events, adaptation has to address pre-disaster and post-disaster
vulnerabilities – as noted in many chapters and dealt with in detail in Chapters 8
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and 10. For instance, it should focus on reducing the hazard where this is possible
(e.g. better drainage that stops a heavy rainstorm creating floods), or reducing
people’s exposure to it (e.g. working with those who live in areas at risk of
flooding to improve their housing or to move to safer locations). Here, the
intention is to avoid the event causing a disaster. It should also focus on reducing
the impact of the hazard – for instance, by responding rapidly to flooding, both
to get the floodwaters away from the flooded settlements and to respond to the
flood’s impacts upon people’s health, living conditions, assets and livelihoods.
And, finally, in the post-disaster response, it should not only help people to
rebuild their homes and livelihoods, but also encourage and support measures
that reduce risks from likely future hazards. But there are two difficulties in
adapting to future risks. The first is that the scale and nature of the hazards
climate change brings will change (and the scale generally increases). The second
is the uncertainty in any locality of exactly what changes will happen and when.
In the past, without climate change, it was easier, for any location, to establish
from historic records the likely range and frequency of extreme weather events for
which provision had to be made. And even in cities that have adapted well to
extreme weather, a storm or rainfall just a little more intense than the historic
record often becomes a disaster.

Among the populations who are particularly vulnerable to climate shocks are
those living in particularly dangerous locations (e.g. on floodplains), those living
in settlements lacking protective infrastructure and those living in poor-quality
housing. Of course, within any vulnerable population there are differentials in
how much they are affected by the hazard (influenced by, for instance, age, health
status and gender) and differentials in their coping capacities (see, in particular,
Chapter 8). Vulnerability is a product of the exposure of people to such changes
(which is influenced by the limits they face in being able to reduce this exposure)
and limited or no capacity to cope (the immediate responses) and adapt (longer-
term responses).

In all instances, people’s capacity to avoid the hazard or to cope with it and
to adapt (to reduce future risk) is influenced by individual/household resources
(e.g. incomes, asset bases and knowledge) and community resources (e.g. for
coping, the quality and inclusiveness of community organizations that provide or
manage safety nets and other short- and longer-term responses). But in urban
areas, it is also greatly influenced by the extent and quality of infrastructure and
public services, especially for vulnerable populations. The two factors that
contribute to vulnerability – the risk of being killed, injured or otherwise harmed,
and the coping and adaptation capacity – are largely determined by the
development context37 since it is the development context that has such a strong
influence on households’ income, education and access to information, on
people’s exposure to environmental hazards in their homes and workplaces, and
on the quality and extent of provision for infrastructure and services (including
post-event services).

20 Introduction
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Extreme weather events do not produce disasters if there are no vulnerable
populations. But it is difficult to assess the vulnerabilities of urban populations to
these events (and to the impacts of climate change) because these vulnerabilities
are so specific to each location and societal context. They cannot be reliably
estimated from the larger-scale aggregate modelling of climate change;38 neither
can they be reliably estimated without a detailed knowledge of local contexts. Yet,
it is still common to find generalizations made about the vulnerability of
‘developing countries’ or their urban centres.

Climate change and disasters

Extreme weather events in urban areas

There was agreement within the IPCC that in many locations, climate change is
likely to increase the intensity and/or frequency of extreme weather events that
have the potential to cause disasters (see Box 1.3). There is a clear upward trend
in the frequency of large disasters arising from natural events between 1950 and
2005, and this upward trend is entirely due to weather-related events; there is also
a rapid increase in both economic losses and in insured losses from weather-
related disasters for the same period.39 2007 is likely to have the largest number
of disasters for any year on record – and up to October 2007, most were weather-
related (floods, droughts and storms).40 A large proportion of the disasters
recorded were in urban areas or affected urban areas.41 The rapid growth in the
number of disasters is partly explained by the much-increased size of the urban
population, including the prevalence of cities in hazard-prone areas.42

It is worth noting the scale of the devastation caused by some recent extreme
weather events – see, in particular, Chapter 4 on the impacts of floods in Dhaka
over the last 20 years, but also Chapter 3 on Mombasa. These are not ‘proof of
climate change’ (which is difficult to ascertain), but rather proof of the
vulnerability of cities and smaller settlements to extreme weather events – for
instance, the devastation brought by Hurricane Mitch to Central America in 1998
(thousands killed, millions homeless and billions of dollars worth of damage to
already fragile economies),43 or the devastation brought by flooding in and around
Caracas in Venezuela in 1999 (hundreds killed and some 600,000 others seriously
affected). The IPCC Working Group II chapter on settlements noted some
estimates for the impacts of extreme weather events on nations’ GDPs, including
a 4 to 6 per cent loss for Mozambique as a result of the flooding in 2000,44 a 3 per
cent loss for Central America as a result of El Niño and a 7 per cent loss for
Honduras from Hurricane Mitch. Such aggregate figures for nations can obscure
the fact that for specific regions or locales, the impact can be greater – ranging
from more than 10 per cent of GDP and gross capital formation in larger, more
developed and more diversified affected regions to more than 50 per cent in less
developed, less diversified, more natural resource-dependent regions.45
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Most urban research does not engage with disasters.46 If disasters are understood
as unusual events (usually ‘natural’ events) that require from the state a capacity
to respond when they occur, these do not appear to be within the realm of
conventional urban research or conventional urban governance. But if disasters

22 Introduction

Box 1.3 What are disasters?

Disasters are defined by events that result in large numbers of people killed or
injured, or in large economic losses. The conventional view is that they are
caused by exceptional or unusual events, including ‘natural’ disasters. However,
over the last 30 years this has been questioned – as disasters come to be viewed
not as unusual or natural events, but as failures of development since they occur
because of little or no attention to reducing vulnerability. Storms, floods,
droughts and heat waves need not be disasters if vulnerabilities to these have
been much reduced.

The Centre for Research on the Epidemiology of Disasters (CRED), which
holds the only publicly accessible global disaster database, defines disaster as ‘a
situation or event, which overwhelms local capacity, necessitating a request to
national or international level for external assistance’. To be entered into the
EM-DAT database, at least one of the following criteria has to be fulfilled: 10 or
more people reported killed; 100 people reported affected; a call for
international assistance; and/or declaration of a state of emergency.a Other
databases use different thresholds for inclusion – for example, Swiss
Reinsurance includes only those events with at least 20 deaths, while
DesInventar includes any reported event regardless of the scale of loss.b

Disasters are usually classified by their triggering event as either natural or
technological. Natural disasters include geophysical disasters such as volcanic
eruptions and earthquakes, and hydro-meteorological disasters such as
avalanches, landslides, droughts, famines, extreme temperatures, floods, fires and
windstorms.Technological disasters include industrial and transport accidents.

Many researchers working on disasters have pointed to the inadequacy of
this simplistic categorization between ‘natural’ and technological disasters.Allan
Lavell points to the key distinction between natural hazards, socio-natural
hazards (natural hazards that are socially induced), anthropogenic pollutant
hazards and anthropogenic technological hazards – and the extent to which the
scale and nature of most ‘natural’ disasters have been much influenced by human
activities.c As noted already, there is no disaster without a vulnerable population.

Source: a CRED EM-DAT, see www.em-dat.net/. See also International Federation of Red
Cross and Red Crescent Societies (2002) World Disasters Report: Focus on Reducing Risk,
Oxford University Press, Oxford and New York, 239pp. b Pelling, M (2005) ‘Disaster data:
Building a foundation for disaster risk reduction’, in International Federation of the Red
Cross and Red Crescent Societies (eds) World Disasters Report 2005, pp173–180. c Lavell,
A. (1999) Natural and Technological Disasters: Capacity Building and Human Resource
Development for Disaster Management, Mimeo, 32pp.
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are understood to be caused by urban development (or the scale of their impacts
and their frequency increased by urban development) and, as Allan Lavell
suggests, socially constructed with their impacts conditioned by existing social
and spatial segregation, it is more difficult for urban research to ignore them.47

Indeed, any urban researcher with an interest in poverty and vulnerability needs
to integrate within their work an understanding of the current or potential
impact of extreme weather events and other potential causes of disasters.

It is possible to envisage a trend in new investments by larger companies and
corporations away from cities and city sites most at risk from extreme weather-
related disasters and sea-level rise, which will hardly affect their operations. They
have long been adept at shifting production to locations where profits are
maximized and it is easy for them to factor in risks from climate change. But it is
difficult to conceive of how many of the largest successful coastal cities most at risk
from storms and sea-level rise will manage. Large sections of cities such as Mumbai
and Shanghai (see Chapter 6), Dhaka (Chapter 4), Mombasa (Chapter 3) and
Cotonou (Chapter 5) are at risk from sea-level rise. Mumbai, Shanghai and Dhaka
are very large (each having well over 10 million inhabitants), have had considerable
economic success in the last few decades, are of great importance to their nations’
economies and cultures, and concentrate very large investments and economic
interests. Most residents and smaller businesses have far fewer possibilities for
moving – and face far more serious losses if the value of their properties declines.
Meanwhile, the movement of larger companies and corporations out of large cities
also threatens the cities’ economic bases and the livelihoods of those who worked
for these companies or provided goods and services to them or their workforces.

Cities by their very nature concentrate people and their homes, impermeable
surfaces, physical capital, industries and wastes. This can make them very
dangerous places in which to live and work, and make their populations very
vulnerable to extreme weather events or other physical events that have the
potential to be disasters. But this is best seen not as inherent to cities, but as the
product of inadequate planning and governance. Concentration produces risk
through, for instance, the dangerous conjunction of residential and industrial
land uses, the lack of space for evacuation and emergency vehicle access, and the
potential for the spread of communicable disease. A high proportion of lower-
income groups may settle on hazardous sites (e.g. sites at risk from floods or
landslides); but they do so because no other (safer) land is available to them –
while also lacking access to the means to reduce their vulnerability.

Urban contexts generally increase the risk of what Allan Lavell has termed
‘concatenated hazards’ – as primary hazard leads to secondary hazard (e.g. floods
creating water supply contamination), as well as ‘natech’ events, where natural
hazards trigger technological disasters. On the ground, the impacts of natural and
technological hazards, including pollution events, overlap and compound one
another – and this is one of the defining challenges of urban disaster risk
management.
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Reducing the impact of extreme weather

The concentration of people and enterprises in urban areas also means economies
of scale or proximity for many of the measures that reduce risks from extreme
weather events – for instance, in the per capita cost of measures to lessen the risks
(e.g. better watershed management or drainage reducing the scale of floods),
reduce the risks when the event occurs (e.g. buildings better able to withstand
floods and early warning systems to allow special measures to be taken), and
respond rapidly and effectively when a disaster is imminent or happens. There is
a greater capacity among a proportion of city dwellers to help pay for such
measures if they are made aware of the risks and the measures are shown to be
cost effective.

Improved competence, capacity and accountability within city and
municipal governments almost by definition increases adaptation capacity and
increases the possibilities of it being ‘pro-poor’. Examples of this, in practice,
include the environmental and social programmes in Porto Alegre and many
other Brazilian cities, and the importance within this of participatory
budgeting.48 However, such examples are mainly from middle-income nations
and usually nations that have made advances in strengthening local democracies
and reducing anti-poor attitudes among those in government.

It has been suggested that after large disasters, a window of opportunity
opens for political will to reform urban planning systems and budgets. But there
is little evidence to show that disaster preparedness and risk reduction become
institutionalized (see, in particular, Chapter 10). All too often, the next
development challenge or political agenda replaces disaster risk reduction and the
opportunity is lost. After Hurricane Mitch, there was progress in introducing new
legislation; but urban concerns were not fully addressed, especially the links
between disaster management and urban management, so urban planning was
not fulfilling its potential in contributing to risk reduction.49

In many cities, civil society may be more receptive than local government to
disaster risk reduction. The IPCC’s Fourth Assessment noted various examples of
where disaster preparedness at community level had helped to reduce death tolls –
for instance, through new early warning systems and evacuation procedures (and
the identification of safe places for evacuating to); it also noted the unevenness in
the effectiveness of such systems in reaching marginal populations.50 Even where
decentralization has strengthened the capacities of local government, it is difficult
to get cross-department agendas such as disaster risk reduction working. Specific
sectors that are managed at the local level, such as water, housing, transport and
education, can be key allies in mainstreaming disaster risk reduction, and, indeed,
may already be undertaking actions that could be described as reducing risk.51

But less is known about the development and application of disaster management
plans in smaller urban centres where the capacity of local government and civil
society is limited. Evidence from the Indian Ocean tsunami suggests that these
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smaller settlements are less likely than larger centres to have disaster management
plans, and that in reconstruction, citizens and officials will be less prepared and
less able to work effectively with external agencies for local benefit.52

Of course, the increasing frequency and growing human and economic cost
of disasters from (say) storms/floods in urban areas does not give us any precise
information about the likely future cost of climate change. But disaster loss data
do provide a good starting point for estimating costs and give an idea of the
vulnerability of urban populations to certain physical events that are likely to
become more common and/or more intense in many places (see Chapter 3). In
addition, the change in how urban disasters are understood and acted on, since
they are recognized as failures to understand vulnerabilities and to act on these
(see Chapter 10), has relevance for understanding how to build urban centres’
resilience to climate change.

Cities and high-risk sites

IPCC Working Group II noted that rapid urbanization in most low- and middle-
income nations often takes place in relatively high-risk areas, and that this is
placing an increasing proportion of those nations’ economies and populations at
risk.53 The issue, then, is why so many cities develop on dangerous sites with
regard to risks from storms and floods (and other natural hazards including
earthquakes). Six reasons can be suggested for this, although for most cities with
populations facing high levels of risk, several of these are relevant:

1 Economic or political reasons outweighed considerations of risk. Sites that are at
risk from storms, floods, earthquakes, etc. were attractive to those who
originally founded and developed a city – for instance, because of a good river
or sea harbour, a strategic location with regard to trade or territorial control,
a ready supply of freshwater or a fertile delta. Most of the world’s major cities
are on the coast or beside major rivers because they were already important
urban centres before railways, new roads and air transport changed transport
systems. Most relied on river or sea ports as their main transport and
communication link with other places – and, of course, river and ocean
transport is still a key part of the global economy.

2 The original city site may have been safe but the city has outgrown the site and
expanded onto land that is at risk – for instance, onto floodplains or up
unstable hills or mountains (see, in particular, Chapters 6 and 10). Many city
sites that were safe and well chosen for cities of 50,000 inhabitants 
(a comparatively large city 200 years ago) are not safe when the city expands
to several million inhabitants. There are comparable problems with regards to
freshwater supplies in many cities (i.e. where the size of the city and the
increased demand for water has gone far beyond local water resources).
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3 City expansion and development can create new risks – for instance, as urban
development takes place without the necessary investments in protective
infrastructure such as a fast-growing concentrated impermeable surface, a
lack of investment in storm and surface drains, and new urban developments
encroaching on or building over important natural drains (see, for instance,
Chapters 4 and 9).

4 Dangerous sites serve low-income households well in that they are the only places
where they can find accommodation close to income-earning/livelihood
opportunities. There is a tension inherent in all cities between the need for a
labour force willing to work for low wages and the way in which city land
markets push up house prices beyond what much of this labour force can
afford. This can be resolved or lessened by a range of means that reduce the
cost of housing (including measures to increase the supply and reduce the cost
of land for housing and high-quality public transport – bus, metro, light rail,
suburban rail, etc.) or increase the income or house-purchasing capacity of
low-income groups (e.g. housing subsidies for low-income households as used
at scale in Chile and South Africa). But where this does not happen, large
sections of the low-income population have to find accommodation within
informal or illegal settlements, and the only way that the prices for this can be
brought down are by distance from economic opportunity (which means long
and expensive commutes), poor-quality, overcrowded and often insecure
housing (including lack of provision for infrastructure and services), and high
levels of risk (e.g. sites at risk of flooding, landslides or earthquakes).54

5 Once a city has developed, it rarely disappears, even if it experiences some disastrous
flood or earthquake because there are too many individuals, enterprises and
institutions with an interest in that city’s economy. Most of the world’s largest
cities have been successful cities for hundreds of years; many have experienced
catastrophic disasters but were rebuilt rather than being relocated.

6 In most cities at risk from floods and storms, the wealthier groups and most formal
enterprises do not face serious risks.

The spatial distribution of urban populations in any nation is not the result of
any careful plan to guide urban expansion to ‘safe’ sites. The main driver of city
expansion (or stagnation or contraction) is where new or expanding private
enterprises choose to concentrate (or avoid). This is also largely true for how each
individual urban centre develops – as the localities within and around the urban
centre with the most rapidly growing populations are associated with where new
or expanding economic activities concentrate – although the physical growth of
the urban centre is also influenced by where lower-income groups can (or cannot)
get accommodation or land upon which housing can be built.55

So, in seeking to understand the links between city development and risk
from climate change, one of the key issues is: to what extent are private
enterprises influenced in their choice of location by risks related to climate
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change? Obviously, formal-sector private enterprises will not generally invest in
sites that are risky – unless the risk of loss can be reduced by insurance or by the
risk not actually threatening their production (it is particular geographic areas
and particular population groups – usually low-income groups – that are most at
risk). In addition, if risks from climate change are seen as distant threats that may
affect city sites 20 or 50 or more years in the future, this will not provide much
discouragement to invest, especially in successful cities. Dhaka, Mumbai and
Shanghai have attracted much private investment despite their vulnerability to
storms and sea-level rise.

More important is the potential impact upon the urban economy (and
employment opportunities) and upon the local government’s tax base if companies
and corporations move when risk levels increase or after some particular extreme
weather event. Even if such enterprises are not directly affected by an extreme
weather event, the indirect effects – the disruption of electricity and water supplies
or climate-sensitive inputs, the delay in deliveries of key inputs or difficulties in
shipping goods to customers, and inconvenience to senior staff – may encourage
movement elsewhere or the choice of new locations when enterprises expand.

The challenge facing national governments is how to encourage and support
patterns of private investment within national boundaries that are less
concentrated in high-risk sites – just as all city governments also have to address
this within their own local jurisdictions. This is not easily done. It is also best
done with the kind of long-term perspective (several decades’ long) that all
political systems find difficult. This may be done in ways that damage economic
prospects – for instance, as the choice of ‘safer’ city sites favoured with incentives
and infrastructure investments is determined by political factors and not by a
careful assessment of where these are most needed.56 Perhaps more worrying is the
likely emergence in some nations of government measures to address the effects
of this (trying to control population movements to high-risk sites rather than the
private investment flows that underpin these movements) – in effect, a system of
apartheid-like controls on the rights of people to move within their national
boundaries, justified by the need to make urban patterns less vulnerable to
climate change. Some evidence for this can already be seen in India with regard
to which residential areas are at risk from new coastal zone regulations limiting
developments close to the sea. This can also be seen in inappropriate post-disaster
government policies, which did not allow low-income households to return to
their settlements – and with land use over time transferred to higher-income
residential, commercial or industrial use. The result is increased inequality and
social tension without a reduction in disaster exposure. One example of this is the
coastal buffer zone established in Sri Lanka, post-tsunami, forcing the relocation
of villages, disrupting livelihoods and generating social tensions, while at the
same time tourist businesses have expanded their operations into ‘vacant’ land. A
comparable large coastal zone where all rebuilding was to be banned was also
proposed in parts of Indonesia after the tsunami.57
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The continuum of risk from everyday hazards to
catastrophic disasters

When serious illness, injury or premature death, disruption to livelihoods and loss
of property occur, this is always a ‘disaster’ for some individuals. But an event will
be officially classified as a disaster only if it meets certain criteria – for instance, 
10 or more people killed or 100 or more seriously affected (see Box 1.3). Disaster
managers generally focus only on events officially classified as disasters, so non-
disaster events (and small disasters – for example, fewer than ten people killed) are
not considered. This means that such managers may not see the links between
non-disaster events and disasters and the risk accumulation processes common in
urban areas that increase disaster and non-disaster risks. Meanwhile, urban
development policy-makers often focus on non-disaster risks (which, in most
urban areas in low- and middle-income nations, contribute far more to health
burdens and to poverty than disasters); but this means that they miss the potential
links between risk reduction for everyday hazards and small and large disasters.

One way to get some idea of the likely costs of climate change-related
disasters would be an analysis of the impact upon urban populations of disasters
caused by triggers whose intensity or frequency climate change is likely to
increase. Unfortunately, records on the impacts of disasters upon urban
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Table 1.3 Comparing disasters, ‘small disasters’ and everyday risks in low- and
middle-income nations

Nature of event Disasters Small disasters Everyday risks

Frequency Generally Frequent (often Every day
infrequent seasonal)

Scale Large or potential 3–9 people killed, 1–2 people killed,
to be large: 10+ injured 1–9 injured
10+ killed, 
100+ seriously 
injured

Impact upon Can be Probably Main cause
all premature catastrophic for significant of premature
death and specific places and death and
serious injury/ and times underestimated serious injury
illness but low contribution 

overall

Very large impact Small impact 
Continuum of risk

Low                             Frequency                      Very high

Source : Bull-Kamanga, L., Diagne, K., Lavell, A., Lerise, F., MacGregor, H., Maskrey, A.,
Meshack, M., Pelling, M., Reid, H., Satterthwaite, D., Songsore, J., Westgate, K. and Yitambe,
A. (2003) ‘Urban development and the accumulation of disaster risk and other life-threatening
risks in Africa’, Environment and Urbanization, vol 15, no 1, April, pp193–204
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populations are very inadequate. Only data by EM-DAT and Munich
Reinsurance and Swiss Reinsurance have global coverage. EM-DAT data are not
disaggregated to urban areas (and are held only at the national scale), while the
Munich Re and Swiss Re datasets do have some spatially fixed data; but their
focus is more on insured and economic losses than on human loss. All of these
only include large disasters. Geo-referenced data are available from a growing
collection of national-level databases following what is known as the DesInventar
methodology (including 16 countries in Latin America and the Caribbean, states
in the US and India, and some neighbourhoods in Cape Town, South Africa).

All of these datasets are undermined by the lack of an internationally agreed
definition of a disaster event (or range of events at different levels of impact) and the
lack of systematic data collection mechanisms. For the international datasets, data
are drawn from the news media, non-governmental organization reports and
declarations of emergency. This means that ‘small disasters’ are often not recorded as
they are not necessarily reported in the media. The DesInventar methodology seeks
to include ‘small disasters’ that EM-DAT does not record, and its application shows
very large discrepancies between official lists of ‘disasters’ and the actual number of
disasters. For instance, in Colombia, 87 disasters were recorded by EM-DAT,
although there were 2200 further disasters that were not registered but that met
official criteria for what constitutes a disaster, as well as 13,000 other smaller
disasters.58 A database in Cape Town that sought to record all events registered more
than 12,500 incidents, which contrasts with the 600 identified large events and
declared disasters;59 almost half of these occurred in informal settlements. An analysis
of disaster events in Mexico from 1970 to 2001 sought to document all events with
at least one mortality; it was found that floods were the most common disaster, and
one quarter of all deaths from flooding came from events with fewer than four deaths
(i.e. much too small to be included in international disaster datasets).60

The above studies in particular cities and nations show the very large scale of
injury, death and loss of property caused by extreme weather events or accidental
fires that went unregistered as disasters or were excluded by the criteria used to
define a ‘disaster’. Such detailed local studies are needed in all urban centres, not
only to show the health and other costs from extreme weather events (including
‘small’ disasters whose aggregate impact may be larger than events classified as
‘disasters’) but also because of the following:

• The number, territorial spread and impact of disasters or small disasters may
be increasing rapidly.

• Risk from these may graduate in time to larger events, as populations and
their vulnerabilities increase in the areas close to the hazard sources and as
hazards grow in size and potential intensity.

• Developing an ability to intervene to prevent ‘small’ disasters or limit their
damaging impacts can also serve to develop a capacity for doing so for larger
events.61

Adapting to Climate Change in Urban Areas 29

Chapter 01.qxd  4/30/2009  5:10 PM  Page 29



 

Small disasters from extreme weather events that are recurrent – for instance,
floods that happen every time there is heavy rainfall – can also undermine any
community’s resilience and its capacity to make the investments and adjustments
needed to protect against larger disasters. This may lead to a general acceptance of
risk, or a failure to critique the association of poverty and risk. The need for every
urban centre to have strong, locally generated data on risks and local analyses of
risk and risk accumulation processes is fundamental to facilitating adaptation.

The changes in understanding of what causes disasters, noted above, with
disasters recognized as failures of development, have transformed perceptions of
how to avoid them or greatly reduce their impact62 – and this change in thinking
has great relevance to reducing the vulnerability of city populations to climate
change. This means a shift from focusing on hazard-prone areas and the increasing
magnitude of losses (and on engineering and structural solutions) to
understanding (and changing) the complex urban processes that increase risks –
for instance, the range of ‘risk accumulation’ processes that are increasing the
vulnerability of large sections of their populations to floods or landslides. This also
means a shift in who is seen as responsible for addressing disasters. For instance,
the armed forces may be given central responsibilities for responses to disasters –
but they can do little or nothing to reduce risk from disasters in urban areas. There
is recognition of the need to integrate disaster risk reduction within all line
departments of government and to support community–government partnerships
in identifying and acting to reduce risks. These two issues are also at the core of
reducing vulnerability to climate change. But, as yet, only rarely has this change in
understanding of what causes disasters meant a change in policies on disaster
management. Local, national and international agencies with responsibility for
conventional disaster management lack the skills and capacities to make such a
change – and often the motivation to change, especially if their budget depends
upon disasters to respond to. Addressing the development failures that underpin
urban disasters is more difficult, especially for international agencies, and comes
up against powerful vested interests. Meanwhile, few powerful urban actors benefit
from risk reduction initiatives for those living in informal settlements.

Even attention to ‘small disasters’ is unlikely to register the impact of slower
changes – for instance, changes in precipitation or temperature or freshwater
availability that may be having increasingly serious impacts upon livelihoods or
access to water for domestic use.

Building on the Intergovernmental Panel on Climate
Change’s Fourth Assessment Report

The most important documents with regard to getting governments and
international agencies to pay attention to why adaptation is important are the
reports of Working Group II of the IPCC. The vulnerabilities of urban
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populations and urban areas to climate change was discussed in some detail in the
Third Assessment63 and then expanded and extended in the Fourth Assessment.64

The chapter in the Fourth Assessment on ‘Industry, settlement and society’
contains a valuable summary table of different aspects of climate change, the
evidence for current impacts, projected future impacts and vulnerabilities,
current and likely future impacts and zones, and people affected (see Table 1.4).
It also notes the need to consider the impacts of abrupt climate change, while also
observing that its significance is less clearly established.

The Fourth Assessment noted the following, all with high confidence:

The most vulnerable industries, settlements and societies are generally
those in coastal and river floodplains, those whose economies are closely
linked with climate-sensitive resources, and those in areas prone to
extreme weather events, especially where rapid urbanization is
occurring.

Poor communities can be especially vulnerable, in particular those
concentrated in high-risk areas. They tend to have more limited
adaptive capacities and are more dependent on climate-sensitive
resources such as local water and food supplies.

Where extreme weather events become more intense and/or more
frequent, the economic and social costs of those events will increase and
these increases will be substantial in the areas most directly affected.
Climate change impacts spread from directly impacted areas and
sectors to other areas and sectors through extensive and complex
linkages. 65

However, coverage in Chapter 7 of the IPCC’s Fourth Assessment, from which
Table 1.4 is drawn, was limited by the lack of detailed research on risk and
vulnerability in urban areas. None of the chapters that are collected in this
volume had been published when the IPCC chapter was written. Now that plans
are under way for the IPCC’s Fifth Assessment, it is hoped that the chapters in
this volume will help to support a more comprehensive and detailed coverage of
risk and vulnerability in urban areas in low- and middle-income nations. This
will need to include an analysis of social and economic capacity and political will
to make needed changes for adaptation and mitigation (see Chapter 15). This
dual agenda of so-called climate proofing is essential in reducing the possibility
of adaptation measures increasing greenhouse gas emissions and, thus,
undermining mitigation (such as the relocation of low-income settlements that
then require long-distance transport for work), and also to maximize
opportunities for building mitigation into adaptation (such as greening cities and
the promotion of low-energy solutions, and the use of renewable energy in urban
building and planning regulations).66
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Table 1.4 Selected examples of current and projected impacts of climate change upon industry, settlement and society and their
interaction with other processes

Climate-driven Evidence for current Other processes/stresses Projected future Zones and groups affected
phenomena impact/vulnerability impact/vulnerability

(a) Changes in extremes

Tropical cyclones Flood and wind casualties LLaanndd  uussee//  ppooppuullaattiioonn IInnccrreeaasseedd  vvuullnneerraabbiilliittyy  iinn CCooaassttaall  aarreeaass,,  sseettttlleemmeennttss
and storm surges and damages; economic ddeennssiittyy  iinn  fflloooodd--pprroonnee ssttoorrmm--pprroonnee  ccooaassttaall  aarreeaass;; aanndd  aaccttiivviittiieess;;  rreeggiioonnss

losses; transport, tourism, aarreeaass;;  fflloooodd  ddeeffeenncceess;; ppoossssiibbllee  eeffffeeccttss  oonn  sseettttlleemmeennttss,, aanndd  ppooppuullaattiioonnss  wwiitthh  lliimmiitteedd
infrastructure (e.g. energy iinnssttiittuuttiioonnaall  ccaappaacciittiieess hheeaalltthh,,  ttoouurriissmm,,  eeccoonnoommiicc ccaappaacciittiieess  aanndd  rreessoouurrcceess;;
and transport) and aanndd  ttrraannssppoorrttaattiioonn  ssyysstteemmss,, ffiixxeedd  iinnffrraassttrruuccttuurree;;
insurance bbuuiillddiinnggss  aanndd  iinnffrraassttrruuccttuurree iinnssuurraannccee  sseeccttoorr

Extreme rainfall Erosion/landslides; land SSiimmiillaarr  ttoo  ccooaassttaall  SSiimmiillaarr  ttoo  ccooaassttaall  ssttoorrmmss SSiimmiillaarr  ttoo  ccooaassttaall  ssttoorrmmss
and riverine flooding; settlements; ssttoorrmmss  pplluuss  ddrraaiinnaaggee pplluuss  ddrraaiinnaaggee  iinnffrraassttrruuccttuurree
floods transportation systems; iinnffrraassttrruuccttuurree

infrastructure
Heat or cold Effects on human BBuuiillddiinngg  ddeessiiggnn  aanndd IInnccrreeaasseedd  vvuullnneerraabbiilliittyy  iinn  ssoommee MMiidd--llaattiittuuddee  aarreeaass;;  eellddeerrllyy,,
waves health; social stability; iinntteerrnnaall  tteemmppeerraattuurree rreeggiioonnss  aanndd  ppooppuullaattiioonnss;;  hheeaalltthh vveerryy  yyoouunngg,,  aanndd//oorr  vveerryy

requirements for energy, ccoonnttrrooll;;  ssoocciiaall  ccoonntteexxttss;; eeffffeeccttss;;  cchhaannggeess  iinn  eenneerrggyy ppoooorr  ppooppuullaattiioonnss
water and services iinnssttiittuuttiioonnaall  ccaappaacciittiieess rreeqquuiirreemmeennttss
(e.g. water or food
storage); or food storage);
infrastructure (e.g. energy,
transport)

Drought Water availability, WWaatteerr  ssyysstteemmss;;  ccoommppeettiinngg WWaatteerr  rreessoouurrccee  cchhaalllleennggeess  iinn SSeemmii--aarriidd  aanndd  aarriidd  rreeggiioonnss;;
livelihoods, energy wwaatteerr  uusseess;;  eenneerrggyy aaffffeecctteedd  aarreeaass;;  sshhiiffttss  iinn ppoooorr  aarreeaass  aanndd  ppooppuullaattiioonnss;;
generation, migration, ddeemmaanndd;;  wwaatteerr--ddeemmaanndd llooccaattiioonnss  ooff  ppooppuullaattiioonn  aanndd aarreeaass  wwiitthh  hhuummaann--iinndduucceedd
and transportation ccoonnssttrraaiinnttss eeccoonnoommiicc  aaccttiivviittiieess;;  aaddddiittiioonnaall wwaatteerr  ssccaarrcciittyy
in water bodies iinnvveessttmmeennttss  iinn  wwaatteerr  ssuuppppllyy
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(b) Changes in means

Temperature Energy demands and costs; DDeemmooggrraapphhiicc  aanndd SShhiiffttss  iinn  eenneerrggyy  ddeemmaanndd;; VVeerryy  ddiivveerrssee,,  bbuutt  ggrreeaatteerr
urban air quality; thawing eeccoonnoommiicc  cchhaannggeess;; wwoorrsseenniinngg  aaiirr  qquuaalliittyy;;  iimmppaaccttss vvuullnneerraabbiilliittyy  iinn  ppllaacceess
of permafrost soils; llaanndd--uussee  cchhaannggeess;; uuppoonn  sseettttlleemmeennttss  aanndd  lliivveelliihhooooddss aanndd  ppooppuullaattiioonnss  wwiitthh  mmoorree
tourism and recreation; tteecchhnnoollooggiiccaall  iinnnnoovvaattiioonnss;; ddeeppeennddiinngg  uuppoonn  mmeelltt  wwaatteerr;; lliimmiitteedd  ccaappaacciittiieess  aanndd
retail consumption; aaiirr  ppoolllluuttiioonn;;  iinnssttiittuuttiioonnaall tthhrreeaattss  ttoo  sseettttlleemmeennttss// rreessoouurrcceess  ffoorr  aaddaappttaattiioonn
livelihoods; loss of ccaappaacciittiieess iinnffrraassttrruuccttuurree  ffrroomm  tthhaawwiinngg
melt water ppeerrmmaaffrroosstt  ssooiillss  iinn  ssoommee  rreeggiioonnss

Precipitation Agricultural livelihoods; CCoommppeettiittiioonn  ffrroomm  ootthheerr DDeeppeennddiinngg  uuppoonn  tthhee  rreeggiioonn,, PPoooorr  rreeggiioonnss  aanndd  ppooppuullaattiioonnss
saline intrusion; water rreeggiioonnss  sseeccttoorrss;;  wwaatteerr vvuullnneerraabbiilliittyy  iinn  ssoommee  aarreeaass  ttoo
infrastructure; tourism; rreessoouurrccee  aallllooccaattiioonn eeffffeeccttss  ooff  pprreecciippiittaattiioonn  iinnccrreeaasseess
energy supplies ((ee..gg..  ffllooooddiinngg,,  bbuutt  ccoouulldd  bbee

ppoossiittiivvee))  aanndd  iinn  ssoommee  aarreeaass  ttoo
ddeeccrreeaasseess  ((sseeee  ddrroouugghhtt  aabboovvee))

Saline intrusion Effects on water TTrreennddss  iinn  ggrroouunnddwwaatteerr IInnccrreeaasseedd  vvuullnneerraabbiilliittyy LLooww--llyyiinngg  ccooaassttaall  aarreeaass,,
infrastructure wwiitthhddrraawwaall iinn  ccooaassttaall  aarreeaass eessppeecciiaallllyy  tthhoossee  wwiitthh  lliimmiitteedd

ccaappaacciittiieess  aanndd  rreessoouurrcceess
Sea-level rise Coastal land uses: flood TTrreennddss  iinn  ccooaassttaall LLoonngg--tteerrmm  iinnccrreeaasseess  iinn SSaammee  aass  aabboovvee

risk; waterlogging; ddeevveellooppmmeenntt,,  sseettttlleemmeenntt vvuullnneerraabbiilliittyy  ooff  llooww--llyyiinngg
water infrastructure aanndd  llaanndd  uusseess ccooaassttaall  aarreeaass

(c) Abrupt Analyses of potential Demographic, economic Possible significant effects on Most zones and groups
climate change and technological changes; most places and populations in the

institutional developments world, at least for a limited time

Note : Text in italics and bold indicates very significant in some areas and/or sectors; text in bold indicates significant; normal text indicates that significance is
less clearly established.

Source : Wilbanks, T. and Romero Lankao, P. with Bao, M., Berkhout, F., Cairncross, S., Ceron, J.-P., Kapshe, M., Muir-Wood, R. and Zapata-Marti, R. (2007)
‘Chapter 7: Industry, settlement and society,’ in Parry, M., Canziani, O., Palutikof, J., van der Linden, P. and Hanson, C. (ed) Climate Change 2007: Impacts,
Adaptation and Vulnerability, Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change,
Cambridge University Press, Cambridge and New York, pp357–390
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34 Introduction

Government roles and responsibilities

Urban contexts pose particular challenges for governments

The IPCC chapter noted above focused on all human settlements, not just urban
centres. This focus is important for at least two reasons: first, a high proportion of
those most at risk from climate change live in rural settlements; and, second,
effective adaptation needs a consideration of rural and urban areas together because
of the multiple linkages between them. But it is also important to understand why
urban contexts influence the scale of risk and vulnerability and, as noted already,
this is not a topic that has been given much attention in discussions of adaptation.
Most urban contexts are different from most rural contexts with regard to the
spatial concentration of people, hazards and stressors, the number of hazards (e.g.
the range of infectious and parasitic diseases that can spread rapidly among
concentrated populations, the close proximity of people, industries and industrial
wastes) and their potential for exacerbating each other (e.g. floods contaminating
water supplies which lead to water-related disease epidemics). Needed adaptation
measures in relation to incomes, livelihoods, land-use management and
infrastructure are also generally very different between rural and urban areas.

There are also complex relationships between this mix of hazards and the
many (inter-related) components of urban poverty that include not only the
urban poor’s inadequate incomes and limited asset bases, but also very poor-
quality housing, lack of basic infrastructure for providing water, sanitation,
drainage and waste removal, and lack of voice and provision to ensure that their
civil and political rights are respected. This greatly increases the vulnerability of
the urban poor to most environmental hazards, including most of those related
to climate change.

Certain urban characteristics are relevant to an understanding of risks from
extreme weather events, as outlined below:67

• concentrated populations as a result of concentrated labour markets/income-
earning opportunities for non-agricultural activities (which is what underpins
virtually all urban centres);

• land markets unrelated to the land’s agricultural potential, with land costs
often pricing most or all low-income groups out of ‘official’ land-for-housing
markets – this means that large sections of the urban population acquire land
and build housing outside the official system of land-use controls and
building standards that are meant to reduce risk, including stopping
settlement on land at risk from floods and storms;

• related to the above, large sections of the population living in housing
constructed informally, with no attention to needed health and safety standards
and no regulatory framework to protect tenants (it is common in cities for large
sections of the low-income population to rent accommodation, often whole
households living in one room or many adults sharing a single room);
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• high-density populations plus concentrations of their solid and liquid wastes
(a particular problem if there are no sewers/drains and waste collection
services to remove these); many provisions for disaster avoidance (e.g. thicker
walls), response (access for emergency vehicles) or for reducing disaster
impacts (readily available open spaces not at risk from falling buildings) are
not possible in crowded low-income settlements;

• large impermeable surfaces and concentrations of buildings that disrupt
natural drainage channels and accelerate runoff;

• areas within the city that become heat islands when temperatures are high
and that exacerbate problems of heat stress – these often include areas with
high concentrations of low-income groups;

• patterns of urban form and buildings that do not take current and future
hazards into account, which generate increased scales and levels of risk from
floods, landslides, fires and industrial accidents;

• industrialization, inadequate planning and poor design generating secondary
risks from extreme weather (e.g. industrial chemicals or wastes contaminating
floodwater);

• changes in the region around cities that cause or exacerbate risks; poor
watershed management, often a particular problem for city governments as
the watershed usually lies outside their jurisdiction – it is also common for
cities to expand and develop in ways that erode natural defences or buffers
(e.g. wetlands); and

• city governments and urban economies unable to cope with sudden
movements of people into a city in response to crises elsewhere (linked to
extreme weather events nearby or to conflict).

Government and the public good

Whether or not the urban characteristics noted above that can increase risk are
present is much influenced by the quality and capacity of local governments.
There are very large differentials within most urban centres in people’s exposure
to hazards from extreme weather, and we need to understand the role of the state
in this and whether it acts to create or contribute to these differentials or to
modify and reduce them. ‘Good local governance’ is the main means through
which such differentials to risks from extreme weather events (and many other
environmental hazards) are reduced. This can take place through government
demands made and enforced on private enterprises (e.g. concerning construction
standards, occupational health and safety, pollution control, waste management,
payment for infrastructure and services, and disaster preparedness) and what it
provides, supports and encourages for the population – especially those most at
risk. One of the most powerful measures of the quality of urban governance is the
extent to which it reduces or removes the differentials in risk from serious injury, illness
or premature death between high- and low-income groups with regard to the whole
continuum of environmental hazards, including disasters and ‘small’ disasters.
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Urban governments typically have a large and diverse range of roles and
responsibilities with regard to the built environment, infrastructure and services
that have relevance for adaptation (see Table 1.5). Urban governments should
have a key role as risk reducers for climate change by:

• providing infrastructure and services (perhaps with some of it contracted to
private enterprises or non-governmental organizations);

• guiding where development takes place – for instance, influencing where
urban settlements develop and where they do not, and what provision there
is to avoid floods, fires, etc.;

• regulating building design and construction (including support and training
for builders, especially those who are active in building within low-income
settlements);

• regulating hazardous activities that can produce disasters (including
industries and transport);

• influencing land availability (through land-use regulations, zoning and official
procedures for buying or obtaining land and what can be built on it) – the
quality of land-use management influences the proportion of poorer groups
having to live on hazardous or disaster-prone sites;

• encouraging and supporting household/community action that reduces risk
(e.g. better-quality housing, safer sites, good infrastructure and good disaster
preparedness), including support for community-based adaptation;

• providing ‘law and order’, which should also act to protect low-income
groups from risk; and

• coordinating and supporting links between protection (disaster avoidance),
disaster preparedness and post-disaster response and rebuilding – for
instance, ensuring that all the tasks above integrate with agencies responsible
for disaster preparedness and response.

36 Introduction

Table 1.5 The role of city/municipal governments in adaptation

Role of city/ Protection Disaster Immediate Rebuilding
municipal (disaster preparedness post-disaster
government avoidance) response

Built environment

Building codes High Higha High
Land-use regulations and High Some High 
property registration
Public building High Some High
construction and
maintenance
Urban planning (including High Higha High
zoning and development 
controls)

Chapter 01.qxd  4/30/2009  5:10 PM  Page 36



 

Adapting to Climate Change in Urban Areas 37

Infrastructure

Piped water including High Some High High
treatment
Sanitation High Some High High
Drainage High Highb High High
Roads, bridges, High High High
pavements
Electricity High Some? High High
Solid waste disposal High Some? High
facilities
Wastewater treatment High High

Services

Fire protection High Some High Some
Public order/police/early Medium High High Some
warning
Solid waste collection High Highb High High
Schools Medium Medium
Healthcare/public Medium Medium High High
Health/environmental
Health/ambulances
Public transport Medium High High High
Social welfare (includes Medium High High High
provision for child 
care and old age care)
Disaster response High High
(over and above those 
listed above)

Notes : The actual allocation of responsibility and of access to funding between city/municipal
governments and other institutions will obviously differ between countries; the intention of this
table is to make clear the many roles that city/municipal governments should have in adaptation.
‘High’ denotes that they have the sole or main responsibility; ‘medium’ indicates that they have
substantial responsibility; ‘some’ implies some role or responsibility but with other institutions
having the main responsibility.

a Obviously it is important that these do not inhibit rapid responses.
b Clearing/de-silting drains and ensuring collection of solid wastes has particular importance just
prior to extreme rainfall; many cities face serious flooding from expected extreme rainfall (e.g. the
monsoon rains), and this is often caused or exacerbated by the failure to keep storm and surface
drains in good order.

Source : Satterthwaite, D. (2007) Integrating Adaptation to Climate Change in Decision-Making at the
Urban/Municipal Level in Low- and Middle-Income Countries, First draft, Prepared for the OECD
Development Assistance Committee, Paris, 33pp

Table 1.5 The role of city/municipal governments in adaptation (Cont’d)

Role of city/ Protection Disaster Immediate Rebuilding
municipal (disaster preparedness post-disaster
government avoidance) response
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Where urban governments fulfil these key roles, levels of risk for their
populations and economies are much reduced, and urban development is
associated with much lowered risks. But where urban governments only partially
fulfil these roles – or fail to fulfil them – levels of risk are substantially increased.

The justification for having city and municipal governments is that only they
can act to address certain key issues with regard to the public good – for instance,
ensuring provision of infrastructure and services essential for health and
economic success, and controlling or regulating the actions and activities of
individuals, households or enterprises that are dangerous or that transfer risks or
costs to others. This is not to imply that it is city governments (or higher levels
of government) that need to provide all infrastructure and services, or even
undertake all the needed policing of rules and regulations; but they have to
provide and fund the legal and institutional framework that ensures this with
accountability to city populations (usually achieved through city governments
overseen by elected politicians).

For climate change, locally accountable government institutions acting ‘in
the public good’ have particular importance for five reasons:

1 Many of the needed measures are public goods in the sense that they will
benefit populations, including future residents and others who do not
contribute to these public goods. Without government action, such goods
will be underprovided.

2 The appropriateness of the regulatory framework for land use, infrastructure
and buildings and the extent to which it is applied will have a huge influence
on the extent of appropriate adaptation to climate change – and within this
‘appropriateness’ is the need for such measures not to disadvantage lower-
income groups and not to draw investment away from other needed tasks (or
run up large debt burdens for city governments).

3 There are many no-cost or low-cost measures, which, if taken now, can help
to ensure that any rapidly growing city builds greater resilience into its
growth process (and physical and infrastructure expansion). Markets and
most individual and community initiatives will not act to reduce risks that
are far in the future – but appropriate incentives and controls can make them
act on these, without high costs. Most urban disasters have 20- to 30-year
processes of risk accumulation that can be identified and acted on.

4 There are very large economies of scale and proximity from citywide action
for adaptation (and also for mitigation): the total cost of all households and
enterprises making provision for themselves would be much higher and much
less effective.

5 A reliance on market mechanisms such as insurance or the capacity to
purchase safe housing to produce the necessary changes will not serve those
unable to access the formal housing market or afford insurance – which in
urban centres in low- and middle-income nations means most of the

Chapter 01.qxd  4/30/2009  5:10 PM  Page 38



 

population and most enterprises. Public–private partnerships have been
suggested where ‘the public sector sets a rigorous framework to reduce the
physical risks, provides cover for high levels of risk or segments with high
administration costs, and sets the rules for a private market for other risks,
while the private sector provides services and offers coverage for lower levels
of risk and segments that are more easily accessible’.68 But in most urban areas
in low- and middle-income nations, governments do not provide the
framework for risk reduction for lower-income households. It is difficult to
see how insurance companies can offer good coverage at affordable premiums
to low-income households who live in particularly dangerous sites to which
governments will not provide infrastructure. The potential for public–private
partnerships to address other development issues such as improving provision
for water and sanitation for low-income households in urban areas has long
been greatly overstated,69 and there is a danger that it will also be overstated
for insurance.

An obvious example of the need for government to act ‘in the public good’ is
measures to stop development on a floodplain or areas of key natural defences
against floods, or other areas where development would increase the whole urban
centre’s vulnerability to the impacts of climate change. Those who own the land
may want to develop it, and the state may need to step in to represent the public
interest. However, if less well-off residents currently occupy the land, there is a
danger that compensation will be insufficient, and even that evicting them would
not deploy the ‘public interest’. The time dimension is important in such
examples since developers or early settlers will be thinking short term but are
setting in place infrastructure and settlement patterns for the long term.70

Whether or not local governments act in the public good obviously depends
upon their relations with the inhabitants in their jurisdiction. Community-based
adaptation has particular importance here, both for what it can achieve and for
how it can greatly increase the effectiveness of local government action – as
discussed in detail in Chapter 16.71 Of course, the possibilities of city
governments ensuring ‘the public good’ also relate to the policies and practices of
higher levels of government, and these have rarely provided adequate or
appropriate support for the development of local competence and capacity. A
review of what national governments in low- and middle-income nations are
doing on adaptation72 produced the following tentative conclusions:

• Many governments are initiating or sponsoring studies of the likely impacts
of climate change, but most are undertaken by natural scientists who lack the
knowledge, capacity and often the interest to engage with impacts upon
urban areas. This is the case even in nations where more than 90 per cent of
GDP is generated by urban-based enterprises and most of the people live and
work in urban areas.
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• Many (or possibly most) of these studies of climate change impacts are
funded by international agencies, and perhaps this diminishes national, city
and local governments’ interest in them.

• There is an urgent need for locally undertaken studies because of the extent
to which local context shapes vulnerabilities and the nature of vulnerable
groups and adaptation possibilities. The lack of a strong information base on
what local impacts climate change is likely to bring is inhibiting this.

Many central governments are beginning to do something about adaptation; but
this has yet to engage the interest of the larger, more powerful national ministries
or agencies, or city or municipal governments. Debra Roberts’s chapter on
Durban (Chapter 11) is interesting for showing the importance of a locally
generated study of ‘impacts’ rooted in local contexts and possibilities for getting
the attention of city government. It is also interesting to see the difficulties
experienced by those in government working on environmental issues in getting
the attention of their colleagues; also worth noting is the extent to which recent
storms in Durban helped to sensitize local politicians and civil servants.

The possibilities of building the necessary measures for adaptation into urban
development are further limited by the reluctance or refusal of many
development assistance agencies to engage with urban development and, in their
support for ‘good governance’, to recognize the importance of ‘good local
governance’.73 However, it is also necessary to recognize the complexities in
changing political and institutional systems fast enough to cope with such rapid
change. The development of more competent, capable and accountable
metropolitan, city and municipal governance structures that are able to address
environmental risks in today’s high-income nations was a slow and highly
contested process. It was generally underpinned by greater economic prosperity
than is evident today in many low-income nations. The political and institutional
constraints on national and local governments being able to develop appropriate
policies and measures for climate change adaptation are still not recognized in
much of the literature on adaptation.

Planning for adaptation faces very large infrastructure deficits. The poor
quality of infrastructure and the lack of maintenance characteristic of so many
low- and middle-income nations are key determinants of dams failing and public
hospitals, schools, bridges and highways collapsing during or after extreme
weather events. There are complex issues of quality control and accountability for
public works – for instance, the lack of transparency in procurement, which
frequently leads to corruption and poor-quality work. Decentralization has often
transferred responsibility for infrastructure maintenance to state and local
authorities but without the resources and capacities to fulfil this. The collapse or
damage to buildings and infrastructure obviously increases the indirect costs of
climate disasters by paralysing economic activities and increasing the costs of
reconstruction.74
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While most adaptation in cities needs local knowledge and capacity, higher
levels of government have critical roles to play in ensuring that city governments
have this knowledge and capacity – and the funding and expertise to draw on if
necessary. One area that needs addressing is the information base to encourage
and support action. The density of weather watch stations in Africa is eight times
lower than the minimum level recommended by the World Meteorological
Organization.75 Many nations are unable even to monitor the climate, let alone
forecast changes;76 the same is also true for most urban centres. As discussed
already, there is a similar dearth of systematic collection of data on hazard events
and impacts from everyday crises to ‘small disasters’ to catastrophic events. This
is not just a problem in African cities, but also a major constraint on developing
appropriate policy to support adaptation worldwide.

In Latin America, there has been progress in developing the necessary
information base at national level – for instance, the increasingly reliable seasonal
climate forecasts to understand and predict the El Niño and La Niña
phenomena.77 Improvements exist in climate monitoring and remote sensing,
which provide better early warnings on complex climate-related hazards.78

Different regional networks have been established to predict seasonal climate and
climate extremes; but this work needs to be extended to support development of
local knowledge and capacity within city governments.
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The Rising Tide: Assessing the Risks of
Climate Change and Human Settlements

in Low-Elevation Coastal Zones

Gordon McGranahan, Deborah Balk and Bridget Anderson

Introduction

This chapter focuses on human settlements and, in particular, urban settlements
in low-elevation coastal zones (LECZs). To the extent that low-elevation coastal
populations are at risk from sea-level rise, stronger storms and other seaward
hazards induced by climate change, it is important to assess the size of these
populations and how they are distributed internationally. Similarly, it is
important to gain a better understanding of how coastal settlements are changing,
especially in light of the self-reinforcing and cumulative character of urban
development and the difficulties inherent in shifting the direction of population
movements and adapting to increasing risk. Mitigation may be the best means of
avoiding risks related to climate change; but it is too late to rely solely on
mitigation. Migration away from lowest elevation coastal zones will be important,
but can be costly and difficult to implement without causing severe disruptions.
Modification of the prevailing forms of coastal settlement, so as to protect local
residents, will also be needed.

In addition to being at risk from seaward hazards, coastal populations can be
a burden on coastal ecosystems, many of which are already under stress. As we
have shown elsewhere, coastal systems are more densely populated – in both
urban and rural areas – than any other zones defined for the Millennium
Ecosystem Assessment (MA), except for the urban systems themselves.1 This is a
further reason for monitoring and adapting coastal settlements, particularly since
in some circumstances the loss of ecosystem services can make urban settlements
more prone to disaster, amplifying the risks of climate change.

Despite the spatial nature of changing human settlements and urban
development – and their relation to environmental conditions such as coastal
hazards – urbanization is often analysed without any spatially explicit
framework.2 Prior studies with moderate-resolution spatial data have shown that,
historically, populations have preferred to live within 100km of coasts and near
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major rivers.3 But a systematic global assessment has not been undertaken of
urban areas in a narrower coastal band – that is, those at potential risk from
events related to climate change. This chapter fills that gap and begins to examine
the implications for vulnerability to climate change.

This study integrates recently constructed, spatially explicit global databases
and analyses them to assess the distribution of population and settlement size in
the LECZ. The chapter first examines the critical issues involving LECZs and the
risks of climate change. It then reviews the methodology for data integration and
analysis. The findings are presented for different country groups (e.g. by region
and by economic status) and for some of the countries with particularly large
populations or population shares in the LECZ. For China and Bangladesh, some
of the changes between 1990 and 2000 are presented. The chapter ends with a
summary discussion, emphasizing some of the implications of these findings.

Climate change, coastal settlement and urban
vulnerabilities

Both urban disasters and environmental hot spots are already located
disproportionately in low-lying coastal areas.4 Climate change will increase the
risk of both. In particular, rising sea levels will increase the risk of floods, and
stronger tropical storms may further increase the flood risk. Low-income groups
living on floodplains are especially vulnerable. Given the long lead times required
for climate change mitigation, this will be insufficient to prevent these risks from
increasing. Moreover, most other measures, such as encouraging urban
development in more environmentally suitable locations, or adapting coastal
settlements to reduce their vulnerability, also have long lead times. The scale and
nature of the risks need to be better understood in order to motivate and target
timely measures. Much of the relevant information is local. However, given the
global nature of climate change, it is also important to assess the international
dimensions of the coastal risks that it is already beginning to pose.

Human settlement has long been drawn to coastal areas, which provide many
resources and trading opportunities but also expose residents to various hazards.
Historically, the attraction of coasts has been particularly strong among trading
nations and empires. In Indonesia, for example, the Mataram Empire, which
relied on tribute from rice farmers, favoured inland cities and monuments, while
the Sri Vijaya Empire, which relied on controlling trade, favoured coastal cities.
Colonialism and the expansion of international trade during the colonial period
contributed to the coastal location of many contemporary cities. The recent
expansion of international trade has also contributed to population movements
towards the coast. The pre-eminence of ocean shipping has declined, with air
freight growing in relative importance.5 At least in terms of tonne-kilometres
shipped, however, ocean shipping still dominates. Shipping now accounts for less
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than half of the value of US merchandise imports and exports but about three-
quarters of the weight. In other countries, the decline in shipping is far less
evident – for Japan, the corresponding figures rise to almost three-quarters of the
value and over 99 per cent of the weight.6 China’s ongoing economic boom is one
of the clearest examples of trade-related coastward movement that the world has
ever seen, although one could argue that government economic policies have
been as important as market pressures in causing this movement.7

The concentration of populations and economic activities on and near the
coast has had serious environmental consequences. Urban systems have radically
altered the flows of water, energy and materials, transforming the pre-existing
ecosystems.8 The review of coastal systems undertaken for the MA concluded
that coastal ecosystems, both onshore and offshore, are among the most
productive in the world and also among the most threatened by human
settlement.9 It is estimated that about one third of coastal mangrove forests and
one fifth of coral reefs have already been lost.10 In many parts of the world,
coastal fish populations have declined considerably. When scientists recently
reviewed conditions in 12 harbours of major Asian cities, all but one had
exhibited drastic fishery declines (as well as numerous other environmental
problems) in recent decades.11

Many coastal populations are at risk from flooding – particularly when high
tides combine with storm surges and/or high river flows. Between 1994 and
2004, about one third of the 1562 flood disasters, half of the 120,000 people
killed, and 98 per cent of the 2 million people affected by flood disasters were in
Asia, where there are large population agglomerations in the floodplains of major
rivers (e.g. Ganges–Brahmaputra, Mekong and Yangtze) and in cyclone-prone
coastal regions (e.g. Bay of Bengal, South China Sea, Japan and the
Philippines).12

Some features of urban development increase the risk of flooding. Water
drains more rapidly from built-over land, increasing peak flows and flood risks,
particularly if the built drainage system is not adapted accordingly. In many parts
of the world, developers have drained wetlands, sometimes reducing malaria
prevalence or opening up valuable land for urban development, but also
removing a buffer against tidal floods. Particularly in delta regions, land
compaction, subsidence due to groundwater withdrawal and reductions in the
rate of sediment deposition (due to water regulation) can lead, in effect, to sea-
level rise, increasing flood risk (as well as creating various other problems).13

While economic activity and urban development often increase the
environmental pressures that lead to flooding, low-income settlements, and poor
groups within all settlements, tend to be the most vulnerable. On the one hand,
affluent settlements and groups are in a better position to take protective
measures and adapt or escape when flooding does occur (as media coverage and
research on Hurricane Katrina and New Orleans amply demonstrated).14 On the
other hand, the poorest residents of the cities of low-income countries are often
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forced (implicitly or explicitly) to settle in floodplains or other hazard-prone
locations as they cannot afford more suitable alternatives.15

Climate change will increase the risk of flooding as well as cause other
environmental damage in coastal areas.16 The estimates of global mean sea-level
rise in the Special Report on Emissions Scenarios of the Intergovernmental Panel on
Climate Change (IPCC) range from 22cm to 34cm between 1990 and the
2080s.17 Far faster sea-level rise (more than 1m per century) could result from
accelerated melting of the Greenland ice sheet or the collapse of the West
Antarctic ice sheet, although this is not considered likely during the 21st
century.18 It has been estimated that in the absence of any other changes, a sea-
level rise of 38cm would increase fivefold the number of people flooded by storm
surges.19

The risks to human settlements could be reduced if people and enterprises
could be encouraged to move away from the coast, or at least from the most risk-
prone coastal locations (this would also reduce the pressures human settlements
place on coastal ecosystems). As described in more detail below, current
population movements are in the opposite direction. Given the character of
urban development, and that the factors driving coastward movement are still
poorly understood, turning these flows around is likely to be slow, costly or both.
In particular, there is the danger that ill-considered or politically short-sighted
measures to shift population from the coastal areas will impose unnecessary
economic costs on key coastal enterprises and fail to provide the basis for viable
alternatives inland or in more appropriate coastal locations. More appropriate
measures are sorely needed, and the earlier the better.

Few of the environmental disadvantages of coastal urbanization are reflected
in the economic incentives that drive urban development. Moreover, the
economic advantages typically ascribed to urban agglomeration are based
primarily on the benefits that come from people and enterprises clustering, and
only secondarily on the natural features that make some (e.g. coastal) locations
more attractive than others.20 A comparatively small natural advantage – which
may soon cease to be an advantage at all21– can eventually make the difference
between a future megacity and a lightly developed stretch of coast or patch of
farmland. Larger urban settlements and more urban regions, generally, tend to
stay larger and more urban for very long periods.22 Most urban infrastructure is
immobile and long lasting, making rapid shifts in urban location very costly.
Moreover, urban settlements tend to be nodes of growth, attracting more
enterprises and people. As a result, urban settlement is highly path dependent,
with urban coastal settlement past and present likely to attract more urban coastal
settlement in the future.

In order to support efficient and equitable means for moving the most
vulnerable urban settlements, a better understanding is needed of why (and, in
some cases, whether) urban settlements in coastal areas are growing more rapidly
than inland. Avoiding policies that favour coastal development (such as the

54 Risk and Vulnerability for Cities

Chapter 02.qxd  4/30/2009  4:20 PM  Page 54



 

special economic zones in China, whose rapid population growth is described
below) and imposing more effective coastal zone management could make a
difference in the longer term. Relatively small shifts in settlement location, out of
a coastal plain onto more elevated ground, can make a major difference.
However, experience after the Indian Ocean tsunami of 2004, in which more
than 200,000 people lost their lives and millions more their homes,23 has
demonstrated the profound difficulties involved in instituting more restrictive
coastal settlement policies without further undermining the lives and livelihoods
of the most vulnerable residents.

Coastal development can also be encouraged to adapt to the risks of climate
change. To date, adaptation motivated by climate change has been minimal.
However, measures to reduce exposure to existing weather-related hazards can
also serve as means of adapting to climate change.24 Embedding adaptive
measures within the urban infrastructure is again either very costly or very slow.
It is likely to be easier if action is taken as new areas are settled rather than after
their infrastructure is in place. It has been suggested that development assistance
projects could introduce measures to assist in adaptation to climate change.25

More generally, there are likely to be important areas of overlap between
adaptation to climate change, other forms of disaster preparedness and measures
to address local environmental health issues (e.g. improved water, sanitation,
waste disposal and drainage systems). Particularly for the urban poor, an equitable
resolution of the land issues that drive people to settle on land already susceptible
to flooding could make a large difference.

Although local and regional information is needed in order to assess the risks
of climate change and identify opportunities for adaptation, climate change is a
global phenomenon. Assessment of its international dimensions is important not
only to target national, regional and local policy efforts, but also to mount
international responses.

Estimating population and human settlement patterns
in low-elevation coastal zones (LECZs)

This study integrates recently developed spatial databases of finely resolved global
population distribution, urban extents and elevation data to produce country-
level estimates of urban land area and population in LECZs. The data set is
complex, but the basic approach is simple: by overlaying geographic data layers,
we calculate the population and land area in each country, in its LECZ, and then
summarize by country, region and economic grouping.

Three geographic data sets are required. The first delineates the extent of the
LECZ itself. We defined the LECZ as land area contiguous with the coastline up
to a 10m rise elevation,26 based on the measure from the Shuttle Radar
Topography Mission (SRTM) elevation data set.27 In some places, mostly the
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mouths of major rivers such as the Amazon in Brazil and the Yenisey River in
Russia, the LECZ extends well beyond 100km inland, although for most of its
extent, the zone is much less than 100km in width.28

Sea-level rise is not expected to reach anything like 10m above the current
mid-tide elevations, at least in the foreseeable future. Even with storm surges, the
10m elevation leaves a large margin of safety regarding direct flooding. Sea-level
rise and storm surges can certainly cause damage to people living well above the
high-water level – for example, through saline intrusion into the groundwater.
However, the principal reason for choosing this elevation is that estimates based
on elevations below 10m could not be considered globally reliable, particularly in
some types of coastal areas, such as those characterized by mountainous bays.29

The second required data set is one that delineates urban footprints. The only
globally consistent urban footprint data set is Columbia University’s Centre for
International Earth Science Information Network’s Global Rural–Urban
Mapping Project (GRUMP).30 GRUMP urban extents are based largely on the
National Oceanic and Atmospheric Administration’s (NOAA) night-time light
‘city lights’ 1994/1995 satellite data set coupled with settlement information (e.g.
name and population) to verify that the lighted area corresponds to a human
settlement (e.g. rather than an industrial location).31

While the lights are not a perfect proxy for the footprint of urban areas, the
consistency of measurement and global coverage make them the most reliable
satellite source available for this purpose. The lights are characterized by an ‘over
glow’ – that is, an overestimation of areal extent due to the intrinsic
characteristics of the sensor.32 In practice, this means that the GRUMP urban
footprints largely represent urban agglomerations, including their surrounding
suburban and, perhaps, peri-urban areas.33

The third data set required for this analysis is a population grid for each
country, and associated with each grid cell, the land area. Estimates for
population (1990 and 2000) and land area are based on the GRUMP gridded
data sets, which are created from a compilation of geo-referenced census data for
each country as allocated to urban extents and surrounding rural areas.34

All data are expressed at 1km resolution. As with overlays of any geographic
data sets, precision and spatial correspondence at coastlines can substantially
influence estimates. In this analysis, the GRUMP urban footprints, population
and land area grids all share the same coastal boundaries. In most instances, these
corresponded very well with the elevation buffer; but small islands were the most
likely to display inconsistencies due to imprecision and inaccuracies associated
with the geo-coding of small islands. Therefore, the LECZ extends beyond the
coastline to include areas with bathymetry down to approximately 4000m to
accommodate minor mismatches between the elevation and GRUMP data sets.
Calculations of exposed urban and rural persons and land area are made and
summarized for each country and continent. Figure 2.1 illustrates, for the central
China coast, the data layers with which the calculations were made.
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The international distribution of low-elevation coastal
settlement35

The LECZ contains some 2 per cent of the world’s land and 10 per cent of its
population, based on estimates for 2000.36 Of the somewhat more than 600
million people living in the zone, 360 million are urban. This implies an
urbanization level of 60 per cent compared to a world urbanization level of
slightly less than 50 per cent.

There is considerable variation between countries in the shares of population,
land and urban settlement in this LECZ. Thus, of the 224 countries for which
there are data on all of the principal indicators being presented in this chapter, 41
are landlocked and have no population living in the LECZ,37 while 21 have more
than 50 per cent of their population in this zone (16 of these are small island
states, or SISs). There is also considerable variation in the levels and rates of
urbanization and in the distribution of population among settlements of different
sizes. This variation is not always evident in the paragraphs and tables below,
which rely heavily on averages and highly aggregated statistics.

Distribution by region

Table 2.1 provides a selection of statistics by IPCC region.38 In absolute numbers,
Asia accounts for about one third of the world’s land in the LECZ; but because
of far higher population densities, it accounts for two-thirds of the urban
population and almost three-quarters of total population in the zone.
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Table 2.1 Population and land area in the LECZ by region (2000)

Population and land Share of population and
area in the LECZ land area in the LECZ

Region Population Land Population Land 
(million) (000 km2) (%) (%)

Total Urban Total Urban Total Urban Total Urban

Africa 56 31 191 15 7 12 1 7
Asia 466 238 881 113 13 18 3 12
Europe 50 40 490 56 7 8 2 7
Latin America 29 23 397 33 6 7 2 7
Australia and 3 3 131 6 13 13 2 13
New Zealand
North America 24 21 553 52 8 8 3 6
Small island 6 4 58 5 13 13 16 13
states
WWoorrlldd 663344 336600 22770000 227799 1100 1133 22 88
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The region with the highest share of its total land area in the zone is, not
unexpectedly, the SISs, with about 16 per cent – roughly five times the share in
Asia.39 What is more surprising is that the share of the total population of the SISs
that are in the zone is, at 13 per cent, only 3 per cent above the world average,
while the urban population share, also at 13 per cent, is the same as the world
average. On the other hand, Africa, the only region with as little as 1 per cent of
its land in the zone and one of the lowest population shares in the zone, has 12
per cent of its urban population there.

Distribution by national income

A country’s vulnerability to coastal hazards depends, in part, upon its per
capita income. Table 2.2 provides summary statistics for countries grouped
according to the World Bank’s national income classification (the world totals
are slightly less in this table due to missing income data for some countries and
territories).

There is no obvious reason to expect a country’s income to be systematically
related to the share of its population in the coastal zone, and none appears in
Table 2.2. The upper middle-income countries, on average, have appreciably
lower shares of their population and urban population in the LECZ; but
otherwise the shares are similar across the different groups. Overall, there are
about 247 million people in low-income countries living in the zone, of which
some 102 million are urban.

While there is no statistically significant difference between the high-income
and low-income countries in the fraction of the total populations living in the
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Table 2.2 Population and land area in the LECZ by national income (2000)

Population and land Share of population and
area in the LECZ land area in the LECZ

Income group Population Land Population Land 
(million) (000 km2) (%) (%)

Total Urban Total Urban Total Urban Total Urban

Low income 247 102 594 35 10 14 2 8
Lower-middle 227 127 735 70 11 14 2 8
income
Upper-middle 37 30 397 42 7 9 2 8
income
High income 107 93 916 129 12 12 3 9
WWoorrlldd 661188 335522 22664422 227755 1100 1133 22 88

Note: Total population estimate for the world does not match that found in Table 2.1 because no
income classification was available for several countries.
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LECZ, the difference in average urban population shares is significant (p < 0.05).
As illustrated in Figure 2.2, the tendency for the LECZ to be more urbanized
than the rest of a country applies to all income levels; but the difference is more
pronounced in the lower-income groups (41 compared to 28 per cent). It is not
only evident that wealthier countries are more urban overall, but their balance
between the fractions of urban dwellers within and outside of the LECZ also
narrows considerably. Thus, while the LECZ urbanization level is about 1.1 times
that of the rest of the land area in high-income countries, this figure rises to
almost 1.5 in low-income countries. One might wonder why the trend does not
reverse (i.e. with greater urban fractions outside the LECZ) among the higher-
income countries. The fact that it does not underscores the strong preference for
vulnerable and dense coastal dwelling, with greater relative vulnerabilities found
in the poorest countries.

There are marked differences in the LECZ population shares of two
politically important income-related groups engaged in climate change
negotiations: the least developed countries (LDCs) – 50 very low-income
countries whose economic status is explicitly recognized as making them
particularly vulnerable; and the Organisation for Economic Co-operation and
Development (OECD) – 30 mostly high-income countries committed to
fostering democratic government and market economy. The LDC group has a
particularly high share of its population and urban population in the LECZ (14
and 21 per cent, respectively) despite a comparatively modest land share (1.2 per
cent). OECD countries, in contrast, only have 10 per cent of their overall
population and 11 per cent of their urban population in the zone, with about 2.8
per cent of the land in the zone.

As indicated above, these averages hide a great deal of variation, with some
countries having far larger shares or quantities of land and population in the zone
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than others in the same group. Thus, for example, the figures for the LDCs are
heavily influenced by Bangladesh, which accounts for two-thirds of the group’s
population in the LECZ.

Country rankings

The distribution of population in the LECZ closely corresponds to the list of the
world’s most populous countries: China, India, Brazil, the US and Indonesia are
all found among the top 20. The top 10 alone account for close to three-quarters
of the total population of the zone, and the top 20 account for 85 per cent of the
entire zone. Table 2.3 presents the top ten countries, first in terms of the actual
number of people living in the zone and then in terms of the share of the country
population living in the zone.

The ten countries with the highest numbers of people in the LECZ are not
only populous, but can mostly be characterized as large countries in Asia with
significant delta regions. Indeed, there are only two non-Asian countries on the
list – Egypt and the US. The LECZs of these top 10 countries combine to
account for about 463 million people, or about 73 per cent of the people who
live in the zone globally. These same countries account for about 241 million
urban dwellers, or 67 per cent of the urban population in the zone. Indeed, the
top ten countries with the largest population in the zone are also among the top
ten ranked by their urban population in the zone, except that The Netherlands,
with its highly urban population, replaces the Philippines in tenth place.

The shares of the ten countries with the highest percentages of population in the
LECZ range from 38 to 88 per cent, and only one is an SIS – top-ranked Bahamas.
However, as indicated in a note to Table 2.3, this ranking would have been
dominated by SISs were it not that countries with populations of under 100,000, or
areas of less than 1000km2, were excluded. Looked at in another way, many of the
smallest countries in the world are SISs, with a large share of their population living
in LECZs. Thus, of the 20 smallest countries (by population) included in this
analysis, 16 are SISs and more than half of these have more than 38 per cent of their
population in the zone. Even with these small countries eliminated, only three
countries are in the top ten in terms of both overall numbers of persons in the LECZ
and the share of population in the zone: Bangladesh, Vietnam and Egypt.

A noteworthy aspect of the list of the top ten countries with the highest shares
of population in the LECZ is that, with the exception of The Netherlands and the
Bahamas, these are all low- or lower middle-income countries. This level of
dominance of low- and lower middle-income countries suggests a relationship
between a country’s income and its likelihood of being on the list. Low- and lower
middle-income countries make up only 56 per cent of the countries that could have
been on the list and, if there were no relationship, the probability of finding eight
or more of the countries on the list from this group would be about one in ten.
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Table 2.3 Ranking of countries with largest population counts and shares in the LECZ (2000)

Ranked by total population in the LECZ Ranked by share of population in the LECZ

Population in the LECZ Population in the LECZTop ten Country Overall

Counts Percentage Counts Percentagerank*

(000) (000)

1 China 1 143,880 11 Bahamas 174 267 88
2 India 2 63,188 6 Suriname 170 318 76
3 Bangladesh 8 62,524 46 Netherlands 59 11,717 74
4 Vietnam 13 43,051 55 Vietnam 13 43,051 55
5 Indonesia 4 41,610 20 Guyana 157 415 55
6 Japan 9 30,477 24 Bangladesh 8 62,524 46
7 Egypt 16 25,655 38 Djibouti 160 289 41
8 US 3 22,859 8 Belize 179 91 40
9 Thailand 19 16,478 26 Egypt 16 25,695 38
10 Philippines 14 13,329 18 The Gambia 150 494 38

Notes : *Refers to overall rank in total population.

** Countries with a total population of under 100,000 people or smaller than 1000km2 were excluded from this list. If all countries were included,
seven of the top ten would be places with fewer than 100,000 individuals, the top five having more than 90 per cent of their country in the LECZ
(Maldives, Marshall Islands, Tuvalu, Cayman Islands, Turk and Caicos Island).
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Figure 2.3 includes the 50 countries with the largest population shares in the
LECZ, sorted by share of the population living in the zone and illustrating the
shares of rural and urban population in the zone. With some important
exceptions – notably Bangladesh and Vietnam – most countries with large
population shares in the zone have particularly large shares of their urban
populations in the zone.

Turning to the top ten countries with the largest land areas in the LECZ
(Table 2.4), Asia is less dominant, with the top three ranking countries being
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Figure 2.3 Share of country urban and rural populations in the LECZ for the 
50 countries with the highest total share of population

Note : Numbers next to country names refer to the total number of people in the country who live
in the LECZ.
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Table 2.4 Countries with the largest amount and share of land in the LECZ (2000)

Ranked by total land area in the LECZ Ranked by share of their land in the LECZ

Land area in the LECZ Land area in the LECZTop ten Country Overall

(000 km2) (%) (000 km2) %

1 Russia 1 276 2 Bahamas 158 12 93
2 Canada 2 262 3 Netherlands 132 31 75
3 US 4 235 3 Bangladesh 93 54 40
4 China 3 182 2 French Polynesia 171 1 32
5 Indonesia 15 177 9 The Gambia 163 3 26
6 Australia 6 122 2 Denmark 131 11 26
7 Brazil 5 122 1 Qatar 162 3 23
8 Mexico 13 93 5 Cuba 102 23 21
9 India 7 82 3 Vietnam 65 66 20
10 Vietnam 65 66 20 Guinea-Bissau 137 7 19

Notes : * Refers to overall rank in total land area.
** Countries with a total population of under 100,000 people or smaller than 1000km2 were excluded from this list.
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Russia, Canada and the US. The top ten countries account for about 61 per cent
of the overall land in the zone and about 53 per cent of the population. As with
population, the ranking in terms of the share of land in the zone is very different,
with only Vietnam appearing in both lists. Also, just as India appeared second in
the population ranking simply by virtue of its large overall population, Russia and
Canada appear in the land area ranking simply by virtue of their large size.

Distribution of settlements of different sizes

Just as the LECZ contains a greater share of the world’s urban population than of
its rural population, it also contains a greater share of large urban settlements
(and their inhabitants) than of small urban settlements. This is not surprising. On
the one hand, the higher population densities and concentrations of commerce
and industry in coastal areas favour not only urbanization, but also larger urban
settlements. On the other hand, one of the roles of urban settlements inland is to
link rural populations with the wider polity and economy, and since rural
populations are dispersed, their administrative and market centres tend to be
comparatively small and dispersed, although many are large enough to be
considered urban.40

Table 2.5 displays the distribution of urban settlements of different sizes,
treating a settlement as being in the zone if any part of it extends into the zone.
Overall, while only 13 per cent of urban settlements with populations under
100,000 extend into the LECZ, the share rises steadily to reach 65 per cent of the
settlements with populations over 5 million. While there are also regional
variations, with the urban settlements of the small islands and of Australia and
New Zealand being notably more coastal than those of any other region, the
tendency for larger urban settlements to be more likely to overlap the LECZ
applies to every region.
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Table 2.5 Share of urban settlements whose footprints intersect the LECZ by urban
settlement size (2000)

Region <100,000 100,000– 500,000– 1 million– 5 million+
(%) 500,000 (%) 1 million (%) 5 million (%) (%)

Africa 9 23 39 50 40
Asia 12 24 37 45 70
Europe 17 22 37 41 58
Latin America 11 25 43 38 50
Australia and 44 77 100 100 NA

New Zealand
North America 9 19 29 25 80
Small island states 51 61 67 100 NA
WWoorrlldd 1133 2244 3388 4444 6655
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The data in Table 2.5 should not be taken to reflect the degree to which
residents of different-sized urban settlements live in the LECZ. On average, only
33 per cent of the population of an urban settlement whose footprint overlaps
with the zone actually live in the zone. Moreover, there are differences both
regionally and by settlement size class. One would expect smaller coastal
settlements to have, on average, a higher share of their population in the zone, if
only because they are less likely to extend long distances inland. There is some
evidence for this. As illustrated in Figure 2.4, while the overall share of
settlements intersecting the LECZ increases steeply with settlement size, the
overall share of the population of settlements living in the LECZ increases far
less.41 Thus, only 21 per cent of the population of settlements of over 5 million
people are estimated to reside in the LECZ despite almost two-thirds of these
settlements having at least some part of their land area in the zone.

Table 2.6 presents the shares of urban population in the LECZ by settlement
size and region for all urban settlements, including those that do not overlap with
the zone. As already indicated in Figure 2.4, the world average share of the
population of cities over 5 million in the zone is a high 21 per cent; but as this
table illustrates, this average is highly influenced by the coastal location of large
Asian cities, where 32 per cent of the population of cities over 5 million reside in
the LECZ.

Africa, although it contributes much less to the statistics on largest cities, has
higher shares of its population in cities of 100,000 to 5 million people living in
the LECZ than does Asia, Europe or the Americas. This is noteworthy because
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Figure 2.4 The share of population living in the LECZ for settlements
intersecting the LECZ, grouped by settlement size and region (2000)
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Africa’s medium to large cities are growing at much higher rates than cities in
these other continents. Given that the African cities tend to be much poorer than
cities elsewhere, this raises the question of their potential vulnerability.

Table 2.7 shows the shares of urban land area in the LECZ by settlement size
for all urban settlements, including those that do not overlap with the zone. The
land shares follow a similar pattern to those of the population, although they are
generally lower as coastal settlements tend to be more densely settled. The
increasing share associated with larger urban settlements is most evident in Asia
and hard to discern in other regions. The pattern is very different in the SISs,
where the smallest settlements have both the largest share of population and the
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Table 2.6 Share of population (percentage) in the LECZ for all urban settlements
grouped by size (2000)

Region <100,000 100,000– 500,000– 1 million– 5 million+
(%) 500,000 (%) 1 million (%) 5 million (%) (%)

Africa 5 15 20 18 10
Asia 8 13 14 16 32
Europe 6 7 11 6 12
Latin America 6 8 12 7 6
Australia and 16 20 26 10 NA

New Zealand 
North America 4 7 6 5 13
Small island states 18 11 13 12 NA
WWoorrlldd 77 1111 1133 1122 2211

Note : NA = not available.

Table 2.7 Share of land area (percentage) in the LECZ for all urban settlements
grouped by size (2000)

Region <100,000 100,000– 500,000– 1 million– 5 million+
(%) 500,000 (%) 1 million (%) 5 million (%) (%)

Africa 4 7 18 13 4
Asia 6 10 10 13 27
Europe 6 6 9 5 13
Latin America 6 9 12 6 6
Australia and 12 18 26 9 NA

New Zealand
North America 3 8 6 5 13
Small island states 17 11 4 11 NA
WWoorrlldd 55 88 99 99 1166

Note : NA = not available.
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largest share of land area in the zone. It should be noted, however, that more than
80 per cent of the SIS urban areas have a population of less than 100,000 (and all
but nine urban areas, about 95 per cent, have a population of less than 500,000).

Changes in low-elevation coastal settlement between
1990 and 2000: The examples of China and Bangladesh42

As described above, China is the country with the largest population in the LECZ
and Bangladesh the third largest. Moreover, China is one of the more rapidly
urbanizing countries, with particularly rapid urban growth along the coast, while
Bangladesh contains one of the most populous delta regions of the world and
already has almost half (46 per cent) of its population in the LECZ. The
settlement patterns in both of these countries raise serious concerns about the
need for adaptation to climate change to start as soon as possible.43

As illustrated in Table 2.8, for both Bangladesh and China, the population in
the LECZ grew at almost twice the national population growth rate between
1990 and 2000. Moreover, in both countries, the urban populations in the LECZ
grew particularly rapidly. Indeed, the urban population growth in China’s LECZ
was more than three times the national rate, although GRUMP estimates of
China’s urbanization rate for the period are lower than estimates from the United
Nations and the Chinese census estimates.44

Thus, even as the seaward risks associated with climate change are increasing,
the areas most at risk are experiencing particularly high population growth. Some
of this may be due to urbanization, although in Bangladesh flooding is already a
major concern, and yet the predominantly rural population of Bangladesh’s

68 Risk and Vulnerability for Cities

Table 2.8 Urban population counts and growth between 1990 and 2000 for China
and Bangladesh - by total and in the LECZ

Population (000) Annual growthCountry

1990 2000 rate 1990–2000 (%)

CChhiinnaa 11,,113388,,667766 11,,226622,,333344 11..0044
Urban China 336,577 423,730 2.33
LECZ China 119,103 143,880 1.91
Urban LECZ China 56,059 78,278 3.39

BBaannggllaaddeesshh 111100,,002244 112233,,661122 11..1177
Urban Bangladesh 23,097 26,865 1.52
LECZ Bangladesh 50,568 62,524 2.14
Urban LECZ Bangladesh 11,686 15,429 2.82
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LECZ is growing at an even faster rate than the country’s urban average. The
movement towards the coast in China is linked to urbanization; but it is also
being driven by the trade-oriented economic strategy and policies that favour
urban development along the coast.

China’s rapid urbanization and coastward population movements, and the
economic liberalization and growth that are driving these demographic trends,
date back to the early 1980s.45 The geographical advantages of coastal
development have been enhanced by the creation of special economic zones in
coastal locations.46 It has been estimated that the advantages conferred by
geography were about equal to those conferred by preferential policies.47 By
amplifying the advantages of coastal settlement with their special economic
zones, China is not only attracting more people to the coast now, but is
establishing an urban structure that will continue to attract people to the coast
far into the future. Unless something is done, there is the possibility that, as well
as the people living in the LECZ, China’s economic success will be placed at risk.

Overall, the risks of climate change are clearly far more threatening and
intractable for Bangladesh than for China. Only about one fiftieth of China’s land
area is in the LECZ compared to more than two-fifths of Bangladesh’s land.
Nevertheless, China, too, faces potentially serious threats, the evolution of which
depend upon policy agendas that do not as yet treat climate change as a serious issue.

Conclusions

From an environmental perspective, there is a double disadvantage to excessive
(and potentially rapid) coastal settlement. First, uncontrolled coastal
development is likely to damage sensitive and important ecosystems and other
resources. Second, coastal settlement, particularly in the lowlands, is likely to
expose residents to seaward hazards, such as sea-level rise and tropical storms,
both of which are likely to become more serious with climate change.
Unfortunately, such environmental considerations do not have the influence on
settlement patterns that they deserve.

As described above, although the LECZ accounts for only about 2 per cent
of the world’s land area, about 10 per cent of the world’s population and 13 per
cent of the world’s urban population live in the zone. In terms of regional
distribution, Asia stands out as it contains about three-quarters of the population
in the zone and two-thirds of the urban population (compared to about 60 per
cent of world population and 49 per cent of the world’s urban population).

Settlements in the LECZ are likely to be especially vulnerable in lower-
income countries with limited resources. Effective adaptation will require a
combination of effective and enforceable regulations and economic incentives to
redirect new settlement to better-protected locations and to promote investments
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in appropriate infrastructure, all of which require political will as well as financial
and human capital. A tabulation of population and urban population shares in
the LECZ for different national income classes does not provide, in itself,
evidence of a systematic relationship between national income and settlement in
the LECZ. However, the data did show a statistically significant difference
between the urban population in the zone for low-income versus high-income
countries. Politically notable is the appreciable difference found between the
populations of the LDCs and OECD countries living in the zone: 14 and 10 per
cent, respectively. This divide is even wider when looking at the urban population
percentages in the LECZ: 21 per cent for the LDCs and 11 per cent for OECD
countries.

There is considerable variation within regions and income categories, and
there are a number of features that can lead a country to have a large share of its
urban and rural populations in the LECZ. These include long coastlines (relative
to the country’s size), wide and heavily populated coastal lowlands and sparsely
populated interiors.

Most of the countries with large populations in the LECZ are also among the
most populous countries overall, with large Asian countries dominating. The
countries with large shares of population (or urban population) in the LECZ are
a more varied group and include countries characterized by each of the three
factors mentioned in the previous paragraph.

Although SISs do not, in aggregate, have an especially large share of their
population in the LECZ, some of them do, and they would dominate the listing
if no additional population or land area criteria were used. If very small countries
(under 100,000 people or 1000km2) are excluded, among the SISs only the
Bahamas is in the top ten. Vietnam, Bangladesh and Egypt reappear from among
the top ten listed in terms of population in the LECZ, and these are all countries
with large, heavily populated delta regions, which at least originally attracted
people primarily for agriculture. Alternatively, both Suriname and Guyana are
countries with sparsely inhabited interiors and populations concentrated on a
small coastal strip.

Of particular concern in terms of vulnerability, all but two of the countries
with the largest shares of their population in the LECZ (excluding the very small
countries) are of low or lower-middle income. This is despite the fact that urban
settlements are generally more coastal than rural settlements, while low- and
lower middle-income countries are less urban than more affluent countries.

In the world, as a whole, but most notably in Asia, not only are urban
populations more likely to be in the LECZ than rural populations, but larger
urban settlements are more likely to overlap with the LECZ than are smaller urban
settlements. While only 13 per cent of urban settlements with populations under
100,000 overlap with the LECZ, this rises to 65 per cent among cities of 5 million
or more. Perhaps even more striking, of the 183 countries with people living in the
LECZ, 130 have their largest urban area extending into the zone. When large
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urban settlements at least overlap with the zone, they tend to have a smaller share
of their population in the zone than do smaller settlements. Nevertheless, as one
moves up through the size classes of urban settlements, the overall share of
population and land in the LECZ does tend to increase – from 7 per cent in urban
settlements of under 100,000 to 21 per cent in settlements of over 5 million.

There is a legitimate concern that continued urbanization will draw still
greater populations and population shares into the LECZ. During recent
decades, this tendency has been especially remarkable in China, where export-
driven economic growth has been associated with very rapid coastward
migration. Although the GRUMP database upon which the analysis in this
chapter is based estimates a considerably lower rate of urbanization between 1990
and 2000 than most other sources, a very high rate of growth is nevertheless
evident in the LECZ. Moreover, in Bangladesh, with its lower rates of economic
growth and urbanization, a shift towards the LECZ is also evident.

Looking to the future, the responses to the growing risks to coastal
settlements brought on by climate change should include mitigation, migration
and modification. To avoid severe disruptions, measures for each of these need a
long lead time. As the effects of climate change become increasingly clear, the
location of the coastal settlements most at risk should also become evident.
Unfortunately, by this time, most of the easier options for shifting settlement
patterns and modifying them so that they are better adapted to the risks of
climate change will have been foreclosed. Large companies may be able to shift
the location of their activities relatively quickly, using the same procedures that
have allowed them to adapt to economic globalization. Others will not find it so
easy. Moreover, it is already evident that settlements in the coastal lowlands, and
particularly those in low-income countries and those also at risk from tropical
storms, are especially vulnerable.

Particularly as the need for action becomes more urgent, care will be needed
to prevent government responses themselves from being inequitable or
unnecessarily disruptive economically. Economically successful urbanization is
based typically on the decentralized decisions of economic enterprises and
families, supported by their governments. When governments try to decide
centrally where urban development should occur or where people should migrate,
a range of political interests can intrude, favouring economically unviable
locations and/or land-use regulations that are particularly burdensome to the
urban poor. Adaptation cannot be left to the market; but nor should it be left to
arbitrary central planning.

In many cases, there may be measures that can both address current problems
while also providing a means of adapting to climate change. These provide an
obvious place to start, even if such coincidences of interest are unlikely to be
sufficient to provide the basis for all of the adaptive measures needed.

At the national level, measures to support previously unfavoured inland
urban settlements, away from the large cities on the coast, could not only reduce
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risks from climate change, but also support a more balanced and equitable
pattern of urban development. In China, for example, giving inland urban
settlements the support needed to redress the imbalance caused by the creation of
special economic zones along the coast would not only help to reduce coastward
migration, but would also reduce the increasingly severe regional inequalities that
threaten China’s national integrity.

Alternatively, among coastal settlements in low-income countries, those that
find more equitable means to resolve the land problems that so often push their
poorest urban residents to settle informally on un-serviced and environmentally
hazardous land (such as floodplains) will also be in a far better position to adapt
to the risks of climate change. More generally, measures that support more
efficient and equitable resolution of existing land issues are likely to provide a
better basis for addressing the land issues brought on by climate change.

Vulnerable settlements in low-income countries clearly deserve international
support in these and other measures to adapt to climate change. If climate change
were simply an unfortunate accident of nature, such support could be justified on
ethical grounds. In fact, climate change is closely associated with the past and
present lifestyles of high-income groups in high-income countries. This makes it
doubly important that the governments of these countries contribute to
adaptation as well as mitigation. It also implies that this assistance should be
viewed as additional to, rather than part of, development assistance. On the other
hand, adaptive measures that respond to existing local needs, contribute to other
development goals and can be locally driven, are among the most likely to
succeed.
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3

Climate Change and Coastal Cities: The
Case of Mombasa, Kenya

Cynthia Brenda Awuor, Victor Ayo Orindi and Andrew Ochieng Adwera

Introduction

Climate change has been singled out as a major challenge currently facing the
world. It is caused by the emission of greenhouse gases, largely from energy
production and consumption, agriculture and other ecological processes. The
activities causing most emissions are key drivers of global socio-economic
development. High-income countries are responsible for a large percentage of
these emissions, with the US and Europe emitting 51 per cent of total greenhouse
gases into the atmosphere compared to Africa’s 2.5 per cent.1

Low- and middle-income countries are considered more vulnerable to the
effects of climate change than high-income nations because of high dependence
upon natural resources and low capacity to adapt. For Africa, low adaptive
capacity results largely from the limited financial, technological and institutional
capacity, relatively low levels of economic development, and high levels of poverty
widely experienced in the continent. Increased climate change threatens to undo
decades of development and poverty reduction efforts so far achieved in most
countries.

It is therefore important to strengthen the link between climate change
adaptation and development, increase public awareness and understanding of the
issues, and pragmatically tackle the challenges posed by the phenomenon.

Many world cities, including those in Africa, are centres of economic,
political, cultural, social and commercial activities. Human populations in cities
tend to be highly concentrated compared to those in rural areas because of the
availability of more employment and business opportunities, as well as the better
quality of social services. Due to the high population densities, cities are also
associated with high levels of energy, water and food consumption.

The impacts of climate change upon cities threaten to cause very serious
damage and loss of resources. The latest report from the Intergovernmental Panel
on Climate Change (IPCC) identifies various climate change-related health
impacts, including altered distribution of some infectious diseases and disease
vectors. According to the report, projected trends in climate change-related
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exposures will see an increase in malnutrition and consequent disorders; an
increase in the number of people suffering disease and injury and dying from heat
waves, floods, storms, fires and droughts; and will continue to change the range
of some infectious disease vectors. The burden of diarrhoeal diseases will increase,
the geographical range of malaria will expand in some nations and contract in
others, and transmission seasons will alter.2

Vulnerability of Mombasa to climate change

In this chapter, the city of Mombasa is considered to be Mombasa District and
consists of four divisions – namely, Mombasa Island, Kisauni, Likoni and
Changamwe. Situated within Kenya’s coast province in the south-east of the
country, Mombasa is Kenya’s second largest city. It is situated about 4.1° south of
the Equator and 39.7° east of Greenwich meantime.

According to the Mombasa District Statistics Office, the district had a
population of 856,209 individuals in 2007.3 Mombasa residents derive their
livelihoods from a variety of economic activities, ranging from formal employment
in different sectors, such as industry and hospitality, to small-scale agriculture,
livestock production and fishing, especially in the peri-urban space. Some of the
major industries in Mombasa include cement manufacturing from the abundant
limestone, salt processing from seawater, and businesses associated with import
and export at the city’s port. Food security and general economic performance are,
however, very low; the latest available figures (from 1997) show that 38.2 per cent
of the population face absolute poverty and 38.6 per cent face food poverty.4

Mombasa is the largest seaport in East Africa and has two harbours – Kilindini
and Old Port. It plays an important role in both the country’s and the region’s
economy because the commercial imports and exports of land-locked countries such
as Uganda, Rwanda, Burundi, Congo and even parts of Tanzania transit through
Mombasa. Anything affecting the port and, by extension, the city’s operations, is
therefore likely to be felt beyond the coastal and national boundaries. The city is also
a popular tourist destination due to the presence of various terrestrial and marine-
based ecological attractions, including warm weather, sandy beaches and historical
and cultural monuments. Tourism remains an important foreign exchange earner for
Kenya. In 2007, the sector earned the country about 65.4 billion Kenya shillings
(equivalent to US$934,285,714) and contributed more than 12 per cent of the gross
domestic product (GDP) in 2007, and continues to grow.5

Three factors contribute to Mombasa’s high level of vulnerability to climate
change: low altitude, and high temperatures and humidity levels. Regarding the first
of these, Mombasa is on the coastal plain, which is 4km to 6km wide and lies
between sea level and about 45m above sea level. Parts of the city and its surroundings
are likely to be submerged with a rise in sea level, and this would consequently
disrupt ecosystem functions and balance, disrupt agricultural and industrial activities,
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cause the destruction of human settlements, and interfere with the water supply.6

This will impact negatively upon the city’s economy and, by extension, upon the
national economy due to the many activities and investments found in the area.

According to the IPCC Fourth Assessment Report, it is estimated that during
the 20th century, sea level has been rising at a rate of about 2mm per year, with
the fastest recorded rates averaged along the global coastline (4mm per year)
occurring in the 1990s.7 It is estimated that about 17 per cent of Mombasa, or
4600ha of land area, will be submerged with a sea-level rise of only 0.3m.8 At the
same time, there will be large areas that may be rendered uninhabitable as a result
of flooding or waterlogging, or will be agriculturally unsuitable due to salt stress,
especially in the peri-urban space where agriculture is practised. Sandy beaches
and other features, including historical and cultural monuments such as Fort
Jesus, several beach hotels, industries, the ship-docking ports and human
settlements, could be negatively affected by sea-level rise.

Other potential impacts of sea-level rise that could affect Mombasa include
increased coastal storm damage and flooding; sea-shore erosion; saltwater
intrusion into estuaries and freshwater aquifers and springs; changes in
sedimentation patterns; decreased light penetration to benthic organisms leading
to loss of food for various marine fauna; and loss of coral reefs, contributing to
loss of biodiversity, fisheries and recreational opportunities, among others.

The high average temperatures (26.4°C) and humidity (65 per cent at noon)
are already approaching intolerable limits and can be uncomfortable at times.9 An
increase in temperatures and humidity could create health-related problems such
as heat stress, both on land and in the ocean, leading to ecosystem disruption,
migration and the possible extinction of various species of fauna, flora and
microorganisms. In addition, increased temperatures could result in the increased
use of energy to power air-conditioners. This increased use of energy for cooling
would essentially mean increased use of fossil fuels, as Kenya partly generates her
electricity from imported fossil fuel resources.

In addition to the low altitude and high average temperatures and humidity,
socio-economic factors, particularly unplanned settlements and structures, are also
contributing to the city population’s increased level of vulnerability to climate
change impacts. The high population densities, together with the large number of
unplanned settlements in areas such as Bombolulu, Kisauni, Mlangoni,
Mwandoni, Kongowea and Likoni that have encroached into areas demarcated for
infrastructure, such as roads, drainage and sewerage lines, not only increase the risk
of flooding whenever it rains but also make rescue operations difficult whenever
disasters strike. The Mombasa district commissioner, while inspecting the extent
of damage caused by floods in April/May 2006, attributed the poor drainage to
the mushrooming of slums and land grabbing in Mombasa.10 The district
commissioner also noted that the building of perimeter walls and unplanned
structures along waterways interferes with water drainage, leading to flooding in
most parts of the city (see Figures 3.1 and 3.2).
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Figure 3.1 Flooding in Mombasa – November 2007

Source : © ICPAC and Dr C. Owdhe

Figure 3.2 Settlements close to the ocean shore in Mombasa Old Town –
February 2007

Source : © Kenya Meteorological Department

Climate change impacts in Mombasa

The impacts of climate variability and change pose grave threats to the city dwellers’
lives and livelihoods, as well as to the country’s socio-economic development. 

Mombasa is already affected by climate-related disasters, especially floods,
droughts and strong winds (see Figure 3.3). These climate-related disasters are
projected to increase in frequency and intensity with long-term climate change, and
Table 3.1 provides a summary of those that have occurred in Mombasa during the
recent past.
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Wind storms, cyclones and floods damage productive land, thus causing
agricultural losses and increased food insecurity; they also damage transport and
telecommunications infrastructure such as roads, bridges and pipelines, as well as
electricity and telephone lines. When they occur, they negatively affect economic
and commercial activities.

Sea-level rise and frequent flooding may not only cause damage to existing
infrastructure in cities such as Mombasa, but may also result in inundation,
rendering many areas uninhabitable and unsuitable for commercial activities and
food production. This, in turn, can lead to migration in extreme cases and loss of
cultural heritage, especially historical and archaeological sites and monuments. It
could also cause the spread of climate-sensitive diseases such as cholera, which
may affect large numbers of people due to high population densities in cities, and
could lead to high loss of life as people are often caught unawares. These impacts
also disrupt normal livelihood activities and school attendance.

The 2004 Indian Ocean tsunami and the 2006/2007 flooding experienced
on the Kenyan coast exemplify the risks that Mombasa faces. They led to very
large economic losses as major infrastructure and fishing vessels were damaged,
and one life was reportedly lost in the tsunami. During the flooding in Mombasa
in 2006, the Ministry of Health issued a cholera alert and the chief public health
officer in the Ministry of Health reported 94 suspected cases of cholera on the
coast between 20 October and 11 November 2006. Thirteen cases were found to
be positive for cholera and at least two deaths were reported. In addition, water
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Figure 3.3 Cargo containers at the Port of Mombasa partly submerged in water
during flooding – February 2008

Source : Adapted from Orindi, V. A. (2006) ‘Reducing emissions and vulnerability to a changing
climate: The case of Mombasa’, presented at the World Urban Forum, Vancouver, Canada,
unpublished
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Table 3.1 Climate-related disasters typology, trends and impacts that have occurred in Mombasa

Disaster type When is/was Established incidence Impact profile: who/what Remarks
experienced rate or return period was affected most

and quantity/extent
of damage

El Niño 1947 Approximately • Houses destroyed Most affected
1961 five years • Property lost areas are estates
1997 • Livestock and crops lost located near the 

• Human lives lost ocean that either lack
• Increased incidence or have poor drainage

of disease (cholera structures or systems
and typhoid)

Floods Frequently 
(almost annually) Unpredictable • Houses destroyed Most affected areas

• Property lost are estates that either
• Livestock lost (all types) lack or have poor
• Human lives lost drainage structures or
• Increased incidence of systems

disease (cholera 
and typhoid)

Tsunami 2006 Unpredictable • Several fishing boats One human life
reportedly destroyed reportedly lost 

Drought 2005/2006 Every four to five years • All agricultural As time is spent looking
activities are affected for water, other activities

• Women spend more suffer from time allocation;
time looking for water droughts also cause famine
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Hunger/famine Every year Every year • Loss of human lives Effects are felt
from starvation (not across all age groups
quantified) and gender 

• Gross malnutrition and
underfeeding leading 
to poor economic 
productivity

Source : Adapted from Danda, M. (2006) Vulnerability and Capacity Assessment in Mombasa District, Survey report for the Kenya Red Cross Society, Mombasa
Branch, Mombasa
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sources were contaminated, several drainage systems collapsed and water pipes
were washed away. The Kenya Red Cross estimated that approximately 60,000
people were affected by the floods in the coastal part of Kenya, a high proportion
of whom were in Mombasa (the coast’s main population concentration).11

Indirect and anticipated impacts of climate change upon Mombasa

Frequent droughts and the attendant reduced water availability in the city’s water
catchments could lead to more severe water shortages. During droughts, food
prices normally increase, exacerbating food insecurity and malnutrition, especially
among poor city residents. Among the low-income groups in the city, who either
depend upon communal taps or water kiosks, or, in some cases, upon wells,
drought often translates into increased amounts of time spent fetching water.

The exacerbated loss of biodiversity is also a threat as several ecosystems,
particularly the marine ecosystem, are changing rapidly, and some of the species
(especially endemic species such as coral reefs) that inhabit them may be unable
to adapt. Anything that has a negative impact upon the marine ecosystem is
bound to have a negative affect on the local people who depend upon fishing.

Sea-level rise could also lead to the inundation of land and saltwater intrusion
into inland waterways. The fact that some city residents get their water from such
sources means that they are likely to experience problems obtaining freshwater. As
noted above, migration may be necessary, leading to overcrowding upstream and
potentially fuelling social conflict between migrants and other residents. This
disrupts activities such as schooling and other livelihood and social activities such as
small-scale local industries. Inundation would push many peri-urban farmers into
destitution as the source of their livelihoods is destroyed. It could also necessitate
major infrastructural investments such as redesign and reconstruction of the city’s
ports to enable their optimal functioning. Industries such as the cement industry and
the oil refinery may also require heavy financial and capital investments to reduce the
negative impacts of climate change on their operations. In extreme cases, it may be
necessary to relocate such industries further inland – a very costly endeavour, indeed.

The complexity and uncertain nature of various climate change impacts are
a major challenge for development given that climate change mainly has negative
implications for economic growth, human security and improved social welfare
in the region.

In view of the country’s relatively limited capacity to adapt, it is important that
the issue of climate change is taken seriously and given the necessary attention. It is
also important that context-specific measures are put in place to adapt to current
impacts and to mitigate anticipated future impacts. It is worth noting that, lately,
there has been increased activity from various civil society organizations,
development agencies and government ministries geared towards understanding
and addressing the challenges posed by climate change. These include the
development of various adaptation policies, strategies and programmes.
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From the foregoing discussion, key issues that need to be addressed include:

• timely prediction of climate-related disasters and effective early warning;
• disaster preparedness;
• effective coordination of disaster relief and recovery;
• facilitation of climate change adaptation and restoration of communities’

livelihoods;
• integration of climate change adaptation within relevant policies,

programmes and projects (and effective implementation of these); and
• climate change mitigation, where feasible.

Adaptation to climate change in Mombasa

It is noteworthy that many residents of the city are aware of the changes in climate,
especially with respect to extreme weather events and disasters such as floods,
windstorms, droughts and famine. However, the link with global climate change is
deficient. Government officials, such as those working in the municipal council of
Mombasa, are also aware of climate change. However, so far, they have not
integrated climate change adaptation within the city’s master plan for infrastructure
and in the formulation and implementation of various citywide policies and plans.

The Kenya government, through various ministries, departments, the city
council and various state corporations and other stakeholders, such as non-
governmental organizations (NGOs), private companies, charity foundations and
religious institutions, are making efforts to address some of the challenges faced
as a result of current climate variability and long-term climate change. Most of
these efforts are geared towards disaster management, with a focus on recovery
and relief and with little, if anything, being done to prevent some of the effects.

Efforts to adapt to climate change impacts in Mombasa have been promoted
since the occurrence of the tsunami and are geared towards dealing with future
tsunamis, floods and cyclones. The government, through the local administration
and the Kenya Meteorological Department (KMD), has taken a leading role in
gathering climate information and sending information to the residents and
businesses in the expected impact areas, especially strategic holiday and business
areas. The KMD is working towards establishing an operational weather observation
network of the western Indian Ocean within Kenya’s exclusive economic zone, and
has procured and installed various equipment, including three tidal gauges fitted
with meteorological sensors, 35 drifting buoys and one marine automatic weather
station. This will help in monitoring sea-level rise and in detecting extreme events
such as storm surges, coastal flooding, tsunamis and tropical cyclones.12

Scientists from the KMD and the University of Nairobi, among others, have
undertaken an analysis of Kenya’s climate change vulnerability and adaptation
and have submitted this to the United Nations Framework Convention on
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Climate Change (UNFCCC) in their first national communication. The report
identified sectors that are most vulnerable to climate change, as well as gaps in the
country’s adaptation and mitigation strategies. In addition, the KMD undertook
a project aimed at improving the factoring of weather and climate information
into the various sectors of the economy between 2001 and 2002.13 Currently, the
country is in the process of preparing the second national communication to the
UNFCCC. The government is also increasing its efforts to create public
awareness of climate change – and associated communication and dissemination –
by installing an automatic message switching system at Moi International Airport
in Mombasa. This equipment is capable of receiving early warnings of marine
hazards, including tsunamis, on a real-time basis. In addition, a radio frequency
modulation–radio and internet (FM–RANET) transmitter station for vulnerable
communities is being installed on the coast, in Kwale. All of these are expected to
serve not only the coastal urban population, but also the whole coastal region. A
number of wind-up radios have also been procured.14

Concerted efforts by the government, marine scientists, NGOs and local
communities are being undertaken to reforest the degraded coastal areas to ensure
a healthy sea wall, among other important benefits. In addition, the government
is in the process of formulating an effective and enforceable coastal zone
management policy, as required under the Environment Management and
Coordination Act of 1999, to regulate developments along the coastline and
provide for appropriate management of coastal resources. This policy will also
provide for the type of structures to be constructed, depending upon the
vulnerability of different areas. It is in this respect that the government has drawn
up a National Tsunami Action Plan under a multi-hazard framework, which will
be implemented in cooperation with various development partners.

During the floods in 2006, the government sent a team of engineers to the
coast to assess requirements for roads and bridges in light of the unusually long
and heavy rains. This may be considered as an effort towards ensuring that any
roads built can withstand increased rainfall associated with increasing climate
variability and long-term change. The Ministry of Health is also establishing
emergency health management measures to deal with the sharp rise in cases of
diarrhoea when floods occur.15

The Intergovernmental Authority on Development (IGAD) Climate
Prediction and Applications Centre initiated regional climate outlooks, national
user workshops and pilot applications projects. These projects aimed to address
problems associated with information-sharing and application among users and
vulnerable communities. They have helped to build capacity in many regions, have
linked meteorologists and end-users of seasonal forecasts, have stimulated interest
in, and recognition of, the impacts of inter-annual climate variability, and have
helped to demonstrate the economic value of applying climate information and
prediction products in socio-economic development.16 There is a need for increased
activity and a collective campaign to raise public awareness of climate change
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impacts and adaptation, particularly with regard to cities, which apart from being
centres of economic activity also have the highest concentration of populations.

A team comprising the Kenya Red Cross Society, the Kenya Navy, the Kenya
Ports Authority and the African Marine and Boat Operators carries out
monitoring of the sea for any possible disaster and determines whether there is a
need for evacuation in the event of any consequential effects of disasters, such as
the tsunami.

The actual extent and efficacy of the activities and initiatives cited above on
reducing the vulnerability of Mombasa to climate change have yet to be
determined, as the initiatives are still in their early implementation stages. So far,
most initiatives have focused on dealing with impacts of extreme events and not
on the preparedness aspects that should form part of adaptation.

Reducing Mombasa’s vulnerability to a changing climate

A number of activities could be carried out to minimize the city’s vulnerability to
climate change, both in terms of adaptation and mitigation:

• In order to adapt to climate change, all natural system effects are allowed to
occur and human impacts are minimized by adjusting human use of the
coastal zone. In Kenya, as in many other low-income countries, adaptation is
the immediate priority in response to climate change impacts.

• To mitigate against climate change impacts, natural system effects are
controlled by soft or hard engineering, reducing human impacts in the zone
that would be affected without protection.

This chapter focuses on measures that could reduce Mombasa’s vulnerability to
the anticipated climate change impacts, as well as promoting adaptation. These
range from immediate actions, such as enforcing the existing legislation, to long-
term measures, such as coming up with development plans that take into account
future climatic conditions.

There is a need to create greater awareness and sensitization about climate
change at the global level and its interaction with local effects. This could be done
through awareness campaigns, the print and audio-visual mass media, local
performing arts such as drama and music, and the education system at schools,
among other. This could play an instrumental role in enhancing understanding
of climate change and its impacts and, possibly, motivate the generation of
innovative ideas and feasible options for adaptation at local and city levels.

Enforcing the Physical Planning Act and city bylaws to ensure that areas
earmarked for basic services such as water and sanitation are not interfered with
could help to reduce flooding and the outbreak of water-borne diseases. The
district commissioner, as the chair of the District Environmental Committee,
should undertake the steps necessary to repossess all public utility land and beach
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access roads that have been allocated to private developers and have these
registered under the Land Perpetual Succession Act, CAP 286 of the Laws of
Kenya. In addition, construction, expansion and maintenance of drainage
facilities in estates with near-zero gradient and poor water seepage could
significantly reduce prolonged flooding and its resultant side effects. Local
residents must be made aware of, and sensitized to, the need to improve the
management of the areas they inhabit, even more so because of climate variability
and its attendant impacts such as increased rainfall and flooding.

The issue of squatters or landlessness is more acute in the coast province,
including Mombasa, than in other parts of the country. Much of the land and
other property are in the hands of absentee landlords and this contributes to the
problem of unplanned settlement, especially in the supra-urban space. There is a
need to solve the problem of landownership in order to encourage the
construction of planned settlements, which makes it easy to provide basic services
and to reduce the risk of flooding. Without addressing the issue of landlessness,
it may be difficult to plan settlements, especially in the low-income areas.

It is recommended that the Coast Development Authority develops a
strategic plan to guide future development of the coastal city, taking climate
change considerations into account. In addition, a code of conduct to guide
developers and users of coastal resources should be developed and existing coastal
management legislation reviewed.

Planning and construction of new settlements outside Mombasa Island is
necessary to avoid further concentration of population and activities in the most
vulnerable areas. The city authority and government should encourage settlement
in peri-urban space away from the ocean shores. It is now agreed that some
impacts of climate change are unavoidable, irrespective of what is done now, as a
result of past emissions. Encouraging settlement away from the most vulnerable
areas remains one of the least expensive and proactive ways through which future
vulnerabilities may be reduced.

Building standards that can accommodate future climatic conditions, such as
high temperatures, humidity and flooding, should be promoted. For example, it
would be useful to construct buildings with strong, unoccupied open spaces on
the ground floor or with foundations; these could avert damage and loss of
property and life during floods. In addition, buildings could be designed and
constructed in ways that promote natural air circulation and cooling to reduce
temperatures and high humidity indoors. It would be important to engage
qualified architects to provide guidance in designing such buildings.

The main water pipeline serving Mombasa is old and leaks frequently. This
further reduces the daily amount of water reaching the city. There is a need to
improve the management and renovation of the city’s water and sanitation
infrastructure to serve the increasing water demand. The Ministry of Land
Reclamation and Regional Development and the Ministry of Water and
Irrigation should work together with the city council to promote water reuse and
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recycling and to implement other effective measures to increase water availability
in Mombasa and its environs. This would stem the overexploitation of
underground water that is exacerbating saltwater intrusion.

The impacts of sea-level rise could be reduced through properly planned
irrigation away from sea shores and through other land management practices
that could be used to manage floods and reduce water run-off into the oceans.
The government, NGOs and local communities should collaborate to construct
water reservoirs and apply appropriate land management practices. In this regard,
the measures taken should ensure the proper conservation and management of
the coastal environment, including beaches and related ecosystems, taking into
account available scientific information and indigenous environmental
conservation practices.

The use of renewable energy at both household and industrial level should be
promoted. Wind and solar energy are widely available in Mombasa and can be used
in a number of areas. Solar energy can be used for water heating at the household
level and in salt processing at the industrial level, while wind energy may be used in
water pumping from boreholes. It is worth noting that the salt processing plants are
already using solar energy for drying. More industries should be encouraged to
adopt such environmentally friendly methods. At the household level, one of the
factors that has limited the adoption and wider use of solar technology is the high
initial cost. Even though the government zero-rated solar panels with regard to
taxation, other components were not; hence, it remains an expensive technology for
the average household. The government can change this by removing all taxes and
supporting local industries to produce the panels and components locally.

It is important that the existing district-level disaster surveillance and
management committee becomes proactive and focuses more on disaster
preparedness than on ‘after the event’ relief and impacts management. The
formation of similar committees at the sub-location, location and divisional levels,
in collaboration with the municipal council, is also highly recommended. These
will bear the responsibility of educating communities and enforcing regulations
such as those barring the construction of buildings in flood-prone areas and
ensuring proper drainage. Stakeholders need to make concerted efforts to track
and/or explore predictive mechanisms for various climate-related disasters through
networking, further research and information-sharing. Interest- and economic
activity-based groups such as boat operators, fishermen, food vendors, farming
and other community-based groups need to be brought into the disaster
management committees so that they can better understand and make use of early
warning information signs, responses and recovery strategies. In addition, training
in appropriate disaster preparedness and response should be undertaken.

Existing community-based groups can be used as immediate entry points
towards improving livelihoods through the formation of simple/low-capital and
focused economic enterprises, such as high-value agriculture (vegetable growing and
horticulture), and livestock enterprises (e.g. poultry and dairy goat production).
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Strengthening existing enterprises through technical/professional support from
relevant ministries and NGOs would also contribute to increased incomes and
possibly improve capacities to adapt to climate-related disasters. Diversification of
economic activities (e.g. through the promotion of community-based seafood
farming) could be encouraged as an adaptation measure in suitable areas.

Conclusions

Implementing many of these changes/recommendations requires support from
the various government departments, city hall, civil society organizations
(including NGOs) and the public, in general. This will only be achieved if people
are made aware of, and understand the need for, such action now rather than
continue with business as usual.

Effective and timely early warning systems are needed to deal with climate-
related disasters. There is a need for the city council to work with
meteorological/maritime departments, relevant government ministries and other
stakeholders to facilitate coordinated efforts.

Enforcement of city bylaws to ensure that people only construct buildings in
safer and approved areas far from the beaches, and avoid sewage lines and
drainage. etc. should be ensured. This will also reduce the risk of flooding and
piped water contamination.

The government should resolve problems of landlessness and absentee
landlords at the coast by repossessing grabbed public land, purchasing legally
acquired land from absentee landlords, and subdividing and allocating this land
to the poor equitably. This would enable security of land tenure and encourage
people to follow guidelines and build houses according to set standards.

To implement the recommendations above, appropriate capacity, both at the
individual and institutional levels, and enforceable regulations and economic
incentives are required. These depend upon political will, funding and human
capital.
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4

Vulnerabilities and Responses to Climate
Change for Dhaka

Mozaharul Alam and MD Golam Rabbani

Introduction

Dhaka, the capital of Bangladesh and one of the world’s largest megacities,
accommodates more than 13.1 million people within its 1353km2 area.1

According to the most recent United Nations estimate, its population will reach
16.8 million by 2015.2 This megacity comprises Dhaka City Corporation (DCC)
and five adjacent municipal areas – namely, Savar, Narayanganj, Gazipur,
Kadamrasul and Tongi.3 In 2005, the DCC, the heart of the megacity, covered
276km2 and had a total population of 8.4 million. The city is surrounded by the
Buriganga River to the south, the Balu and Shitalakhya rivers to the east, the
Tongi canal to the north and the Turag River to the west.

Dhaka is 2m to 13m above mean sea level, with most of the urbanized areas
at elevations of 6m to 8m. It has been reported that about 20km2 of land are more
than 8m above mean sea level; about 75km2 are between 6m and 8m, and
170km2 are below 6m.4 Dhaka has hot, humid summers, short, mild winters and
heavy rain during the monsoon season.5

Brief history and growth

Human settlement and the development of infrastructure started in the 16th
century in the southern part of the present city corporation that is known as ‘old
Dhaka’. Over the last 400 years, the city has experienced a number of dramatic
historic events. Political changes and shifts in power have also brought about
changes in demography and structural development.

Over the last few centuries, Dhaka has extended to approximately 40km from
north to south and 14km from east to west. In 1951, it covered 85km2 and had 0.4
million inhabitants. It experienced a very rapid expansion in area and population
after independence in 1971. Since then, the rapid development of human
settlements, the growth of national and international business, the opening of new
trades and the expansion of private and public establishments, industry and
infrastructure have made Dhaka one of the most unplanned urban centres. To meet
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the rapidly growing demands of different sectors, utility services were established and
expanded at different times, but not at the same pace as population growth and
demand. This disparity and the unequal development and management of the utility
services and improper management of the natural resources and natural hazards (e.g.
floods and excessive rainfall) have degraded the overall environment of the city.

Key concerns

The high rate of population growth for Dhaka, much of it the result of
rural–urban migration, is not a new or unusual problem. Many cities in low- and
middle-income nations have long faced a number of environmental and
development problems. But now they will face additional stresses as the global
climate continues to warm and as they have fewer of the resources needed to
adapt or respond to the impact of climate change. Stresses for the cities related to
global warming include higher temperatures, water shortages, increased flooding
and rising sea levels, particularly for coastal cities.

Dhaka, as a megacity, is already facing a number of environmental problems
and risks related to natural disasters. Most environmental problems are human
induced, resulting either from a lack of compliance with national policies, rules
and regulations, or from resource constraints to implementing different
measures. Flooding is the most common disaster in Dhaka.

Other key environmental concerns for the city include air quality (both indoors
and outdoors), surface water contamination, a reduction in groundwater, inadequate
solid waste and sewage management, waterlogging, transport congestion and the
expansion of slums and squatter settlements. Erratic changes in temperature and
rainfall and increased frequency of floods are becoming more evident. There are also
particular problems of drainage congestion due to excessive rainfall and flooding
rivers. Both are a major concern to city dwellers, posing adverse effects on different
sectors including infrastructure (road, rail and housing), industry (large, medium
and small), trade and commerce (through, for instance, a disruption of
communications), utility services (water supply and sanitation), sewage
management, and the supply of electricity and gas. Of course, they also bring very
serious problems in relation to human health and livelihoods, especially for the poor.

Key institutions

The government of Bangladesh has divided administrative, regulatory and utility
services among different ministries, departments and agencies, with specific
mandates and responsibilities. The DCC, Dhaka Water and Sewerage Authority
(WASA), Dhaka Electric Supply Authority (DESA), Titas Gas Limited,
Bangladesh Telephone and Telegraph Board, Rajdhani Unnyan Kortripakhkha
and Dhaka Electric Supply Company (DESCO) are responsible for providing
utility services to different sectors, including the domestic, industrial and
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commercial sectors. The Department of Environment, under the Ministry of
Environment and Forests, is primarily responsible for implementing
environmental rules and regulations, including those related to climate change
issues. The Dhaka Metropolitan Police force is responsible for law and order in
daily life and also during natural disasters. Health, education, planning, housing,
transportation and other infrastructure-related organizations also exist in the city
area, along with non-governmental organizations (NGOs), development
partners, corporate business and trade communities, and other related
organizations concerned with environmental issues in the city.

Dhaka’s contribution to global climate change

Climate and cities have a long relationship that is now becoming more complex. The
United Nations forecasts that by 2050, some 65 per cent of the world’s population
will be living in urban areas – as these increasingly become the world’s centres of
culture, industry and economy. Many cities have grown to a size that is
unprecedented historically. The United Nations Population Division forecasts that
by 2015, 35 cities – more than half of them in coastal zones – will have populations
exceeding 8 million.6 While modern cities cannot be considered separately from the
larger regional climate systems, they exert profound effects on both regional weather
and global climate as they are concentrated islands that absorb heat. Production and
consumption that are concentrated within their boundaries are also generators of the
heat and carbon dioxide emissions that have been driving global climate change.

Greenhouse gases come from both natural and anthropogenic activities.
Anthropogenic activities, mainly the burning of fossil fuels in different sectors,
are a key source of greenhouse gases. A national greenhouse gas inventory for
Bangladesh revealed that the energy sector contributes more than 60 per cent of
the total greenhouse gases of 15,178 gigagrams per year.7 Energy industries, other
industries, transport and the residential sector are key consumers of different
types of fossil fuels. Among these sectors, the energy industry contributes more
than 35 per cent of the greenhouse gases, while transport (road, rail, navigation
and domestic aviation) contributes about 17 per cent, of which 70 per cent comes
from the road transport system.

As the country’s capital city, and with its multiplicity of sectors, Dhaka is
consuming different types of fossil fuels. The commercial, residential and industrial
sectors are using mainly electricity, of which more than 85 per cent is generated
from natural gas. They also use gasoline and diesel-fuelled generators to meet
electricity demand during electricity outages. The transport sector depends mostly
upon petroleum products (i.e. diesel and gasoline). Very recently, compressed
natural gas (CNG) entered into the energy mix within the transport sector.
Residential and some commercial sectors are also using natural gas for cooking,
while slum dwellers are using mostly biomass as their primary fuel for cooking.
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DESA and DESCO provide electricity in the city. DESA was created in 1990
to improve services to consumers and to enhance revenue collection by reducing
high system losses. DESCO was created in 1996 and started its operations in
1998 as part of a process to restructure the power sector and improve the key
operational and financial activities in the electricity distribution system.

Bangladesh Power Development Board (BPDB) performance data show that
energy imported by DESA and DESCO accounts for almost 50 per cent of the
total energy sold by BPDB. However, data for the fiscal year 2006–2007 and
2007–2008 show that imports have declined for Dhaka against total energy sold
by BPDB. This may be due to higher demand at the national level against lower
generation. Table 4.1 provides figures for net energy generation, energy sold and
energy imported by DESA and DESCO from 1991–1992 to 2007–2008.

The registration database for the Bangladesh Road Transport Authority reveals
that about 45 per cent of all vehicles in the nation (up to 2005) are registered in
Dhaka. National estimates suggest that about 70 per cent of emissions from the
transport sector are from road transport. The fact that movements of vehicles do not
follow administrative boundaries makes estimates problematic. But considering the
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Table 4.1 Bangladesh Power Development Board performance

Year Net energy Total energy Energy Percentage
generation sold imported of imported

by DESA energy against
and DESCO total energy sold

Gigawatt hours

1991–1992 8393 6329 3066 48.44
1992–1993 8699 6906 3356 48.60
1993–1994 9221 7447 3696 49.63
1994–1995 10,166 8371 4162 49.72
1995–1996 10,832 8995 4550 50.58
1996–1997 11,242 9446 4961 52.52
1997–1998 12,194 10,176 5418 53.24
1998–1999 13,637 11,352 5946 52.38
1999–2000 14,739 12,468 6504 52.17
2000–2001 16,254 14,002 7241 51.71
2001–2002 17,444 15,243 7845 51.47
2002–2003 18,422 16,331 8320 50.95
2003–2004 20,062 18,023 7070 39.23
2004–2005 21,162 19,195 6977 36.35
2005–2006 22,742 20,962 7350 35.06
2006–2007 22,783 21,181 7433 35.09
2007–2008* 20,091 18,710 6357 33.98

Note : * Up to April 2008.

Source : Bangladesh Power Development Board (2006) www.bpdb.gov.bd/executive.htm
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types of vehicle registered in Dhaka and Bangladesh, and the amounts of different
types of fuel consumed, it may be concluded that about 25 to 30 per cent of the
emissions from the road transport system come from Dhaka city. Table 4.2 shows
the types and numbers of vehicles registered in Bangladesh and Dhaka up to 2005.

Thus, a large proportion of greenhouse gases come from the electricity and
transport sectors, although their contribution to total global greenhouse gas
emissions is negligible. Given the rate of population growth in Dhaka, electricity
consumption and the transport sector, the city’s contribution to global greenhouse
gases will increase. It must be noted that brick kilns around the city and landfill sites
also contribute to global greenhouse gases. They usually operate for about six months
a year, and every year in the dry season, they burn nearly 2 million tonnes of coal.8

The effects of climate change in Dhaka

Climate change will affect Dhaka primarily in two ways: through floods/drainage
congestion and through heat stress. The melting of glaciers and snow in the
Himalaya and increasing rainfall will lead to more frequent flooding in
Bangladesh. The waterlogging and drainage congestion due to river floods and
excessive rainfall during the monsoon are already causing very serious damage.
Furthermore, Dhaka may also face ‘heat island’9 problems because temperatures
in the city are a few degrees higher than in the surrounding areas. Indeed, vehicle
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Table 4.2 Types and number of vehicles registered in Bangladesh and Dhaka up to
2005

Type of vehicle Number of Number of Percentage
vehicles registered vehicles registered registered
in Bangladesh in Dhaka in Dhaka

Motor car 128,037 98,233 76.72
Jeep/station 55,837 37,808 67.71
wagon/microbus
Taxi 11,987 10,406 86.81
Bus 32,257 4121 12.78
Minibus 34,347 7946 23.13
Truck 56,749 22,883 40.32
Auto-rickshaw/ 112,330 39,599 35.25
auto-tempo
Human haller 1349 829 61.45
Covered van 581 527 90.71
Motorcycle 389,514 140,050 35.96
Other 29,488 16,175 54.85
Total 852,476 378,577 44.41
Source : Bangladesh Road Transport Authority (2006) www.brta.gov.bd
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exhaust emissions, industrial activity and increasing use of air conditioning are
contributing to heat generation and this will increase in the future. An overview
of the major floods that have affected Dhaka is given below.

Major floods in Dhaka

Dhaka has faced a number of severe floods since its early days and its vulnerability
to these resulted in the building of the Buriganga River flood embankment in
1864. Severe flooding in Greater Dhaka is mainly the result of spill-over from
surrounding rivers that flow to and from the major rivers of the country, as well
as internal waterlogging. In recent history, Dhaka has experienced major floods
in 1954, 1955, 1970, 1974, 1980, 1987, 1988, 1998, 2004 and 2007 due to
overflowing of surrounding rivers. Of these, the 1988, 1998 and 2004 floods
were the most damaging.

Flooding due to excessive rainfall is also a severe problem in certain parts of
the city, which are inundated for several days mainly due to drainage congestion
and inadequate pumping facilities to remove the stagnant water. The water depth
in some areas may be as high as 40cm to 60cm, which creates large infrastructure
problems for the city, economic losses in production and damage to existing
property and goods. The impacts of river flooding are even more severe and
disrupt economic activities and the livelihoods of people dependent upon urban
activities.

During July and August 2004, devastating floods seriously affected
Bangladesh. The north and west-central districts suffered severe flooding, which
continued to spread, eventually reaching Dhaka and other central districts. The
floods affected about 38 per cent of Bangladesh and caused extensive damage to
standing crops, physical and social infrastructure, the environment and the
livelihoods of 36 million people. Furthermore, in September 2004, a localized
low pressure depression swept over Bangladesh, resulting in excessive rainfall –
three times the normal levels. This intense rainfall caused another round of
flooding in Dhaka and central and south-western districts.

The main reason for the 1998 flood was excessive rainfall over the catchment
area of the Ganges–Brahmaputra–Meghna River Basin. Three different flood
waves passed through this river basin and the last one coincided with peak flows
in the Ganges and the Brahmaputra. In addition, the impact of the lunar cycle,
and the resulting high tide, was responsible for the slow recession of the
floodwaters. These factors resulted in prolonged flooding in both the country and
the city for two months.

The main causes of flooding inside the protected area were hydraulic leakage,
a failure to operate the regulators (sluice gates) and a lack of timely pumping of
accumulated water upstream from the Rampura regulator. As 75 per cent of the
work for Phase I of the Dhaka Integrated Flood Protection Project had been
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completed, it was assumed that the Gulshan, Banani, Baridhara and Tejgaon areas
would not be flooded. However, four or more drainage pipes measuring about
four feet in diameter connect this part of the city with the floodplain on the
eastern side, and hydraulic leakage and failure in the operation of the Rampura
regulator resulted in flooding in these areas. There was an apparent lack of
coordination between the Bangladesh Water Development Board (BWDB) and
WASA to prevent the flooding. Although the authority is responsible for ensuring
proper drainage, the BWDB is in charge of operating the regulators and gates. In
fact, there was neither operating policy nor assigned person to operate the
Rampura regulator that controls the drainage of 40 per cent of the protected area
under Phase I of the Dhaka Integrated Flood Protection Project.

In the 1998 flood, there was excessive rainfall in Dhaka, causing short
duration flooding in the areas of Shantinagar, Nayapaltan, Rajarbag, Dhanmodi,
Azimpur and Green Road. The runoff generated by the rainfall could not flow
into the surrounding rivers as the river stage was higher than the inside flow.10

Therefore, the accumulated runoff in low-lying areas remained stagnant until the
river stage receded, causing extensive waterlogging in Dhaka West. Figure 4.1
shows the extent of 1998 flooding in Dhaka.

In 1988, one of the most severe floods in recent history hit Dhaka and
inundated 85 per cent of the city. It was estimated that floods of this intensity hit
the country only once every 70 years. Inundation depths ranged from 0.3m to
more than 4.5m and about 60 per cent of the city dwellers were affected.11 This
unprecedented level of flooding disrupted city life and air travel, and
communications between Dhaka and the outside world were cut off for about
two weeks. Data on the impacts and damage from the 1988 flood were compiled
and analysed according to component eight of the flood action plan. All of
eastern Dhaka and all of the low-lying areas of western Dhaka were under
floodwater. Only parts of Mirpur, Tejgaon, Banani, Sher-e-Banglanagar, Azimpur
and the Old Town were not flooded.

Overall rainfall patterns and trends

The Bangladesh Meteorological Department has 35 meteorological stations
throughout the country. Rainfall data from the Dhaka station for 1971 to 2005
show that the annual average rainfall in the city is about 2120mm, of which
about 50 per cent falls during the months of June, July and August, generally
referred to as the monsoon season. Average rainfall during the winter months
(December, January and February) is negligible – less than 2 per cent of annual
rainfall.

While Dhaka’s long-term trend in annual rainfall shows no significant
change, the trend in seasonal rainfall appears to be erratic. Two important facts
support this finding. First, trend analysis reveals that although there is no
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significant change in annual average rainfall, the number of ‘days without rainfall’
is increasing. Second, seasonal rainfall data in both the monsoon (June, July and
August) and winter (December, January and February) seasons show a decreasing
trend over time. However, it should be noted that the R2 value (denoting the
statistical strength of this trend) is very low. Figure 4.2 shows annual average
rainfall and ‘days without rainfall’. However, these two facts together indicate that
more rainfall is occurring in other months of the year and that rainfall intensity
is increasing.
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Figure 4.1 Extent of 1998 flooding in Dhaka City

Source : adapted from data from the Geographical Information Systems Division of the Bangladesh
Centre for Advanced Studies (BCAS)
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Affected sectors and vulnerabilities

Infrastructure, industry, trade and commerce and utility services are key sectors
that are vulnerable to floods and their impacts. The limited performance of these
sectors during and after flooding increases the vulnerability of city dwellers, and
this vulnerability varies according to economic and social status. Loss of life and
livelihoods and impacts upon human health are key vulnerabilities for lower-
income groups.

Infrastructure

Extreme events such as floods, drainage congestion and waterlogging due to
excessive rainfall cause very serious damage to such infrastructure as roads and
railways, formal and informal housing and educational institutions. According to
available literature, the eastern part (nearly 119km2) of Dhaka was 100 per cent
inundated in the floods that occurred in 1988, 1998 and 2004. In western
Dhaka, 117km2 (75 per cent) were submerged in 1988; but due to the
construction of the flood protection embankment along the Turag and Buriganga
rivers, only 36km2 (23 per cent) were submerged in the 1998 flood.12

Waterlogging due to continuous rainfall is a near-regular occurrence in the rainy
season in the eastern part of the city. In 1998 and 2004, both inter- and intra-
city bus links from eastern Dhaka were shut down because of inundation.
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It is estimated that the number of institutions and houses affected by the 1988
flood was 14,000 and 400,000, respectively. The estimated damage was about 4
billion Bangladeshi taka for residential buildings and more than 400 million taka
for institutions. The 1998 flood caused damage to more than 262,000 shelter
units, or 30 per cent of the 860,552 units in the Dhaka Metropolitan Area, at a
cost of 2.3 billion taka.13 Of these, 32 per cent were permanent and semi-
permanent structures belonging to wealthy or well-to-do households not
dependent upon help for repairs and rehabilitation. About 36 per cent of shelter
units that were temporary or of poor quality (of katcha-1 type) and that belonged
to lower-middle and poorer classes suffered damage of 283 million taka. Their
owners had the ability to cope with repairs but would likely face hardship. In the
bottom rung, nearly 32 per cent of shelter units of katcha-2 and jupri types,
belonging to poorer groups (including the poorest – known as hard core poor, who
lack the income needed for sufficient food) suffered severe damage of 195 million
taka. The owners were too poor to mobilize funds on their own.14

It is evident from various studies that damage to infrastructure, including
roads, water supply and housing, was severe in 1998. It has been reported that
more than 600km of the total 2300km of road were damaged in this flood. All
the informal settlements and business enterprises located in eastern Dhaka were
affected. All academic institutions (primary schools, high schools and colleges) in
the area were also closed during the flood. It was estimated that 384km of paved
road were inundated, a large proportion in Gulshan thana.15 There was also severe
damage in Sabujbag thana and in Demra. The most severe disruption to water
supplies from deep tubewells was in the Cantonment thana, also in Gulshan and
Uttara. Considering the major impacts of the floodwater, it appears that Sabujbag
and Gulshan thanas were the worst affected, followed by Demra, Uttara and
Cantonment thanas.16

Industry

Most small-, medium- and large-scale industries and factories are affected by
floods. This includes garments, textiles, leather, cold storage, timber and
furniture, and food and agro-based industries. Most of the affected industries and
factories usually discontinue their operations during floods as floodwater often
disrupts physical, mechanical and electronic functioning. As a result, garment
industries, for example, often fail to meet shipment or delivery deadlines in both
the local and international markets. The total loss to large-scale industry in
Dhaka in the 1998 flood was equivalent to more than US$30 million, while the
loss to small- and medium-sized industry in the city was US$36 million.17

Trade and commerce

Any disruption in communications causes a slowdown in the mechanisms of
local, national and international trade and commerce. Both flooding and
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waterlogging due to excessive rainfall cause very serious damage in the trade and
commercial sectors (see Box 4.1). The waterlogging especially becomes a burden
for the dwellers of Dhaka city as it poses challenges to social functioning, the
environment and economic activity.
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Box 4.1 Effects of waterlogging

In September 2004, business and economic activities came to a virtual standstill
in Dhaka as a result of heavy rainfall. On 12 and 13 September, constant rains
inundated most of the business centres, including Motijheel commercial hub,
and the Meteorological Department measured a record 315mm rainfall in the
city during those 48 hours.The overnight downpour forced the suspension of
Dhaka’s Stock Exchange and the weather also disrupted production in garment
factories. Many workers could not reach the factories because the roads from
their houses, mostly located in the city’s low-lying areas, were inundated. Sales
in shopping malls and activities in other business houses were unusually low –
people preferred to stay at home unless there was an emergency. Many airline
flights, especially on domestic routes, were delayed by one hour or two hours.
A report by WASA indicates that waterlogging during September affected 250
schools and 681 garment factories in Dhaka city, and the garment sector lost
632 billion Bangladeshi taka. Road repairs cost 12.8 billion taka and damage to
the telephone sector totalled 175 million taka.

Source:Tawhid, K. G. (2004) Causes and Effects of Waterlogging in Dhaka City, Bangladesh,
TRITA–LWR MSc thesis, Department of Land and Water Resource Engineering, Royal
Institute of Technology, Dhaka

Utility services

Water supply, sanitation, solid waste management, sewage management,
electricity and gas supplies, and telecommunications all suffer damage as a result
of flooding and waterlogging. For example, water becomes contaminated in the
supply pipes as many of these are old and damaged and leak (see Box 4.2). Both
DCC and WASA fail to manage the solid waste and sewerage network, and it was
estimated that the total cost to repair and rehabilitate the damage to the sewerage
system after the 1998 flood was more than US$9 million.18 Another estimate
calculates the total damage to the water, sewerage, electricity, gas and telephone
services after the 1998 flood at more than US$20 million.19 Roadside waste bins
and containers are usually submerged during floods, and door-to-door solid waste
collection and disposal services are impossible in many parts of the city. In fact,
all utility services grind to a halt during flood events.

Chapter 04.qxd  4/30/2009  4:18 PM  Page 103



 

During the 1998 flood, 44 deep tubewells were affected by floodwater and water
production was suspended in 13 of them, with an estimated loss in production
of 45 million litres per day. The remaining tubewells were kept operational by
adopting protection measures, including the erection of a protection wall around
the pump house and raising housing pipes and electrical appliances above the
floodwater levels. Five of the 13 suspended tubewells were badly damaged and
required replacement.

Population and health

Estimating the impact of flooding on people and their health is complex due to
the many dimensions of the impacts. According to available literature and
information, the death toll was about 150 in the 1988 flood, but the affected
population was reported as about 2.2 million people.20 Professor Hye carried out
a rapid appraisal on flood-affected people during the 1998 flood, dividing the
flood-affected areas into three categories: most severely affected (MSA), severely
affected (SA) and moderately affected (MA). It was found that the flood displaced
or dislocated 94 per cent of families in the MSA areas, about 52 per cent of
families in the SA areas and 50 per cent in the MA areas. The estimate for the
total flood-affected population was about 4.55 million.21

Floods, waterlogging and extreme temperatures affect human health, local
health infrastructure and routine healthcare services. The prevalence of disease during
extreme events such as floods increases greatly. These diseases include diarrhoea,
dysentery, acute respiratory infection, fever, skin diseases and eye infections (see Box
4.3). One study shows that 191,867 people in Dhaka were admitted to different
hospitals for treatment during the 1998 flood.22 Of these, 284 died. Another study
undertaken by the Bangladesh NGO Bangladesh Rural Advancement Committee
(BRAC) shows that 10,217 people in 10 out of 22 thanas had suffered from
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Box 4.2 Flood-hit Dhaka reels from water crisis

A late July newspaper report during the 2004 flood noted that more than 2
million city residents faced an acute drinking water crisis as supplies had
become contaminated.Thirty water pumps operated by the Dhaka Water and
Sewerage Authority (WASA) were inundated by rising floodwater. Water
pipelines stretching over a few hundred kilometres and many reservoirs were
also under water, posing a serious threat to public health. Floods had already
affected more than 5 million people, or half the total city population. People in
18 out of 22 thanas were marooned at that point.

Source: The Daily Star, 26 July 2004, Dhaka
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diarrhoea during the 1998 flood.23 It should be noted that in the same month in a
normal year, the figure for those affected by diarrhoea is reported to be half that.

Livelihoods

Floods hit nearly half of the total area of the city. Around 40 per cent of the
population live in ‘slums’ and squatter settlements; they draw their livelihoods
from industry (e.g. garments, textiles, leather, etc.), the transport sector, shopping
centres, hotels and restaurants, the construction sector and as domestic workers.
These people are severely affected by floods, waterlogging and other relevant
problems. A field survey conducted during the 1998 flood found that at least 7.2
per cent of people had changed their occupation while 27.4 per cent were
unemployed as a result of the flood. In addition, working hours were reduced for
many workers. Poorer groups always suffer more from disasters such as floods.

Response measures

The Ministry of Environment and Forests, WASA and the BWDB have
undertaken several measures to improve environmental quality and manage
floods, including addressing drainage congestion. Policy decisions and different
measures have also been taken to reduce greenhouse gas emissions and to improve
air quality in Dhaka. Most of these measures can be considered win–win options.
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Box 4.3 Flooding and the health crisis in Dhaka (2004)

A massive health crisis is looming in Bangladesh as sewage mixes with
floodwaters swirling through Dhaka. CNN correspondent Satinder Bindra
described the health situation there as ‘quite grim’. He said half the city was
under water, the sewerage system had broken down and the risk of
waterborne disease for Dhaka’s population of 10 million was very high.
Naseem-Ur Rehman, chief of communications in Bangladesh for the United
Nations Children’s Fund (UNICEF), said the situation for children in urban
areas was ‘extremely dangerous … The water in the cities is filled with filth, and
the children who are playing and walking through it are vulnerable. They are
easy prey to infectious diseases.’ The UN said sludge was gushing out of
manholes in many parts of Dhaka, and diseases such as acute respiratory
infection, diarrhoea, watery dysentery, jaundice, typhoid and scabies were being
reported.

Source: CNN.com (2004) ‘Flood health crisis looms in Dhaka’, www.cnn.com/2004/
WORLD/asiapcf/07/29/southasia.floods/, 29 July
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Responses to improve air quality in Dhaka

The government of Bangladesh has undertaken several initiatives to improve the
air quality in Dhaka, including the following:

• the introduction of compressed natural gas for transport – recent increases in
gasoline prices have pushed this further and more vehicles are being
converted to CNG;

• since 2002, the banning of buses more than 20 years’ old and trucks more
than 25 years’ old in Bangladesh;

• since 1 January 2003, the banning of two-stroke engine three-wheeler
vehicles in Dhaka;

• a reduction in the number of non-motorized vehicles along with restrictions
on their movement within certain areas of the city and during specific periods
of the day; this helps to reduce traffic congestion and thus reduces the
consumption or burning of fuels;

• updating and installing new traffic signals and the construction of bypasses
and flyovers for smoother traffic flows;

• the introduction in 2002 of an environmental clearance certificate,
mandatory for the establishment of brick fields; and

• a movement to promote the use of compact fluorescent lamps in Bangladesh;
these are used quite extensively at both domestic and commercial levels and
consume around one quarter of the electricity of incandescent bulbs.

The Dhaka Transportation Coordination Board is currently preparing a strategic
transport plan, which will provide a long-term strategic vision for Dhaka’s
transport system.

Flood protection measures

The first flood protection embankment along the Buriganga River was
constructed in 1864 to protect the riverbank from flooding and erosion and to
modernize the riverside. Launched by C. T. Buckland, the commissioner of
Dhaka at the time, this scheme (known as the Buckland Bound) was completed
in three phases during the 1880s.

Plans for flood protection for Greater Dhaka have been under study and
consideration for many years; but the extreme flooding that occurred in 1987 and
1988 brought into focus the urgent need for immediate action. Subsequently, the
government of Bangladesh prepared an urgent flood protection and drainage
plan, which included enclosing the Greater Dhaka area with flood embankments,
reinforced concrete walls and drainage/flood regulation structures such as sluices
and pumping stations.

Construction activities started with a ‘crash programme’ in 1989, and most
of the work defined under phase I has been completed. It provides flood
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protection facilities to the western half of Dhaka city, which includes the most
highly urbanized areas comprising about 87 per cent of the population in 1998.
Important components of the flood protection measures are:

• approximately 30km of earthen embankment along the Tongi canal and the
Turag and Buriganga rivers;

• approximately 37km of raised roads and floodwalls;
• a total of 11 regulators along the embankment at the outfall of khals (canals)

to the surrounding rivers;
• one regulator and 12 sluice gates on the khals at the crossings with the Biswa,

Dhaka Improvement Trust (DIT), Pragati Sarani and Mymensingh roads and
the railway line at Uttar Khan;

• one pumping station at the outfall of the Kallyanpur khal into the Turag River
and another at the outfall of the Dholai khal to the Buriganga River; these
pumping stations are for draining rainwater from parts of Dhaka West; and

• a special 10.53km embankment surrounding the Zia international airport.

A rail/road embankment that will run for 29km along the Balu River is proposed
for the eastern part of the city. This will be constructed under phase II of the
Dhaka Integrated Flood Protection Project to protect the area between Biswa
Road and the Balu River.

These flood control and drainage works have brought major changes in the
flood regime of Dhaka West, including major changes in land use.

The embankment/road in the western part of Dhaka helped to protect more
than 50 per cent of the city from the floods in 1998 and 2004. It saved people
and property from complete inundation, but it causes waterlogging or internal
drainage congestion, which becomes severe during heavy rainfall. This may be
due to inadequate pumping facilities and lack of proper planning and design of
infrastructure. However, the lessons can be utilized in the construction of the
eastern bypass, which is under consideration to protect the other half (eastern
part) of the city.

Improvement of the drainage system

The surface drainage system is usually not very effective, even without extreme
weather events, and is especially ineffective during floods. However, the banning
of polythene bags has reduced the regular clogging of the city drainage system.
The relevant government agencies have taken the initiative several times to
recover the many canals and canal banks that are illegally occupied by influential
local people, most of them affiliated with local politics and the power structure.
These recovery programmes have not been implemented fully in the past. These
canals need to be recovered using any measures to improve the city’s natural
drainage system. It has been reported that WASA has recovered 15 out of the 26
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canals that can still be rescued from encroachment.24 The report also shows that
Dhaka had 43 natural canals in the past, 17 of which no longer exist and can only
be traced in history books. Eight of the canals were filled in to construct roads;
but the rest of them are still occupied by either government or private-sector
buildings that had been built on top of filled-in canals.

The 2008 Bangladesh Climate Change Strategy and Action Plan has
recognized the vulnerability of the major cities and the regular problem of
waterlogging in Dhaka city as the drainage capacity of the city’s sewer system,
with its current design, is not able to cope with the load. It has suggested assessing
the drainage capacity of major cities, including Dhaka, and investigating
structural and non-structural causes of waterlogging within the cities and their
immediate surroundings using hydrodynamic models; and based on this study, a
design and investment plan for improvements to the drainage capacity of the
major cities should be drawn up.

Role of civil society organizations

During extreme events, including floods, NGOs, the business community and
community-based organizations become very active with relief, recovery and
rehabilitation programmes. During the 2004 flood, many individuals came
forward to help flood-affected people and NGOs have provided health and
sanitation in many areas, as well as health services for poor pregnant women who
normally do not get attention during relief operations.

Conclusions

Cities have always been prone to disruption (such as traffic congestion) from heavy
rainfall because of their large populations, high population densities and heavy
concentration of businesses and other establishments. Because so many cities are on
the coast and/or next to rivers, they are also severely affected by flooding. They also
represent large areas of concrete, brick and asphalt, which absorb solar radiation and
aggravate heat waves. Air pollution from vehicle exhausts and industrial emissions
contributes to heat and can contribute to the increased incidence of respiratory
illnesses among city dwellers. Furthermore, industry, motor vehicle traffic, the
heating, cooling and lighting of buildings, solid waste sites and brick kilns around
the city produce a high proportion of total greenhouse gas emissions.

Dhaka has already undertaken a number of measures to improve ambient air
quality. Many have been effective both in improving air quality and in reducing
greenhouse gas emissions – for example, the introduction of CNG in the transport
sector. But many other sectors that consume electricity have not undertaken any
significant measures to improve efficiency on the demand side. There is still
untapped potential and opportunity to reduce electricity consumption and, thus,

108 Risk and Vulnerability for Cities

Chapter 04.qxd  4/30/2009  4:18 PM  Page 108



 

reduce greenhouse gas emissions – for instance, by promoting energy-efficient
lighting devices, using more efficient cooling systems at household and industrial
levels, making changes in the transport sector and changing behaviour.

Devastating floods can cause extensive damage to the economy. Dhaka has
already experienced three major floods in less than 20 years and each has caused
very serious damage to infrastructure and significant economic loss. One of the
key questions related to this is can Dhaka afford frequent large-scale flood
damage and economic losses or should it prepare better to combat floods and
reduce impacts and vulnerabilities? Another important issue concerns the adverse
impacts of climate change, which will not only affect Dhaka directly but will also
have indirect effects in other parts of the country, particularly as a result of floods,
riverbank erosion and cyclones. If these destroy or damage people’s livelihoods, it
is likely that rural–urban migration will increase and that more people will
migrate to Dhaka.

To protect Dhaka from river floods, a flood protection embankment has been
constructed on the western side and a comparable embankment is under
consideration for the eastern side. The south-eastern part of the megacity is
protected by the Dhaka–Nayrayangong–Demra flood protection embankment.
Recent erratic rainfall brought unusual urban flooding as a result of drainage
congestion and inadequate facilities for pumping water from inside the
embankment. This raises the question: are the existing flood management
measures adequate to address future flooding, which is anticipated to be more
frequent and intense? Thus, spatial planning for un-built areas of Dhaka should
incorporate aspects of climate change and should include all necessary measures.
It is also necessary to make changes to the design of the embankment/road and to
allow for adequate pumping systems to drain rainwater from the city – and overall,
to adapt so that Dhaka can cope with the changes in intensity and patterns of
rainfall under a warmer climate.
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5

The Vulnerability to Climate Change of
Cotonou (Benin): The Rise in Sea Level

Krystel M. R. Dossou and Bernadette Gléhouenou-Dossou

Introduction

Climate change has an impact upon the development of West African cities such
as Cotonou, which are located right on the coast. Cotonou’s vulnerability to
rising sea levels and exposure to coastal erosion currently threaten the city’s
economy and development, as well as the coastal and lagoon ecosystems. This
vulnerability is exacerbated by the socio-economic and political constraints
affecting the city, especially rapid demographic growth and inadequate resources
for urban development. This chapter examines the potential and actual effects on
the city of the rise in sea level and considers what possible adaptations could
reduce its vulnerability to the effects of climate change.

Cotonou

Cotonou is the economic capital of Benin and one of the largest cities in West
Africa, with a population now in excess of 1 million. The city is located on the
coast of Benin, which stretches for 125km between Nigeria to the east and Togo
to the west, and extends for 79km2 on either side of the Cotonou Lagoon (see
Figure 5.1). Lake Nokoué lies to the north, covering 200km2 to 300km2, the
Atlantic Ocean is to the south, Godomey to the west and Agblangandan to the
east.

The coastal strip upon which Cotonou is built is composed of alluvial sand
with a maximum depth of 4m. The strip’s relief features longitudinal depressions
parallel to the coastline and swamps (valley bottoms) fed by rainwater. The
channel1 (or Cotonou Lagoon) links the sea with Lake Nokoué and divides the
city into two unequal parts (see Figure 5.1). According to the National Statistics
and Economics Institute, in 1992 Cotonou had a population of 536,826
inhabitants; in 1998, it had an estimated 850,000 inhabitants and in 2005, an
estimated 963,031 (this included the western and eastern extensions of the city).2
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Cotonou has a sub-equatorial climate with two rainy seasons (April to July and
September to November) alternating with two dry seasons (December to March,
and August). The sea ensures a mild climate, and average temperatures in the city
(around 27°C) do not vary very much. There is an average of around seven hours
of sunshine per day. Relative humidity is almost constant (around 85 per cent)
due to the influence of the sea. The city receives an average annual rainfall of
1309mm (calculated over 40 years, 1945 to 1995). The prevailing coastal winds
are southerly, with speeds of around 3m to 7m per second. The tide cycle is
approximately 12 hours and the height range generally around 1m.3

Benin’s economic potential depends to a large extent upon that of Cotonou,
which hosts a large number of tertiary-sector activities and trading centres of
international importance, as well as supplying financial resources to the country
and the municipality. Activities undertaken in the city are essentially non-
agricultural (apart from inland fisheries), particularly along the coast and the
city’s major roads, where activities are primarily commercial and services oriented.
This dynamism is facilitated by infrastructure, including the port of Cotonou
and Dantokpa international market. Cotonou’s self-governing port accounts for
90 per cent of the country’s customs receipts, while Dantokpa market has an
annual turnover of 350 billion Communauté Financiere Africaine (CFA) francs.4
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Figure 5.1 The city of Cotonou

Source : scanned from road map
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This market is the trading hub of West and Central African countries and Benin.
In addition, service and craft production activities in the city, tourism, transport
and small trades (artisan services) produce substantial income.5

Coastal fishing is also a mainstay of Cotonou’s economy, providing a
livelihood for more than 15,000 people (those engaged in fishing and also
associated jobs such as fish wholesaling and boat repairs). Traditional fishing is
undertaken by people of different ethnic origins (Toffin, Xwla, Aïzo, etc.) on
Cotonou Lagoon and Lake Nokoué and on inshore waters (up to 5 nautical miles
from the coast), as well as in the inter-dune depressions that are temporarily
submerged at high tide. Authorized, more sophisticated foreign vessels also
undertake industrial fishing on the continental plateau beyond the 5 nautical
mile zone.6

The city of Cotonou is laid out in a conventional grid pattern and is divided
into residential areas, administrative and social facilities, the military camp and
industrial/commercial areas. The built-up area accounts for 74 per cent of the total
area; 80 per cent of housing is located within the built-up area and constitutes 60
per cent of the city’s surface area.7 The city has developed along an east–west axis
because of the natural constraints imposed by Lake Nokoué to the north and the
Atlantic Ocean to the south. The bulk of the population (around 75 per cent) is
concentrated in the western part of the city. Environmental problems include air
pollution, greenhouse gas emissions and water and soil pollution.

Cotonou’s vulnerability to sea-level rise

One of the main climate hazards facing Cotonou is the rise in sea level (or the net
increase in the level of the ocean in relation to the level of local terrestrial
movements). A Groupe Intergouvernemental d’Experts sur le Climat/
Intergovernmental Panel on Climate Change (GIEC/IPCC) report predicts: ‘The
rising sea level ... will have a detrimental effect on coastal human settlements,
especially in the Gulf of Guinea.’8 This prediction is very relevant to Cotonou,
which has some areas that are at, or below, sea level. A rise in sea level could
trigger a number of climatic phenomena, such as coastal and riverbank erosion,
flooding and saltwater intrusion into Lake Nokoué. Furthermore, there has been
decreasing rainfall in Benin, especially in the south,9 with precipitation decreasing
by 9 per cent over 20 years in Cotonou. Each of these hazards undermines human
systems (land use, livelihoods and human settlements) and disrupts the
functioning of coastal and lagoon ecosystems.

According to climatic simulations based on increased temperature carried out
by the Model for the Assessment of Greenhouse Gas-Induced Climate Change
(MAGICC),10 the sea level along the coast of Benin could rise gradually
(according to IPCC scenario IS92a) between now and 2050 and 2100. Table 5.1
shows the basic, average and extreme scenarios.
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Table 5.1 shows a predicted rise in sea level in the medium term (2050, 2100).
Although these are hypothetical scenarios, the predicted rise in sea level (based on
temperature data recordings taken in Benin between 1961 and 1990) could
impact quite heavily upon human and natural systems, as noted above, and the
figures show that urgent measures are needed with respect to preparedness,
prevention and adaptation.

Impact of rising sea level

Rising sea level has many potential effects on natural systems and their operation,
as well as on human systems. These related phenomena reflect such climatic
stresses as riverbank erosion, flooding, coastal erosion and salting-up of lagoon
waters, among others. Figure 5.2 clearly shows the consequences of a rise in sea
level for Cotonou and its surrounding area.

These phenomena are already occurring, with serious consequences for the
affected communities in Cotonou and its surrounding area, as well as other
coastal and lagoon areas.

Coastal erosion in Cotonou and the surrounding area

Definition of the most vulnerable areas and people

In Cotonou, the area most vulnerable to coastal erosion comprises the first and
fourth arrondissements (districts of Tokplégbé, Finagnon, Donatin, Akpakpa-
Dodomey and JAK) (see Figure 5.3). According to the 2002 census, the number
of people affected in the threatened area of Cotonou is estimated at 94,425,
around one tenth of the city’s population.
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Table 5.1 Assessment of the rise in sea level along the coast of Benin

Sea-level rise (cm)

Timeframe Year 2050 Year 2100
Average scenario 20 49
Extreme scenario 39 59
Basic scenario 7 20

Source : Ministère de l'Environnement, de l'Habitat et de l'Urbanisme (MEHU)
(2001) First National Communication of Benin, UNDP, 76pp (this government
paper was submitted to the UNFCCC; it described the inventory of processes
emitting greenhouse gases in Benin and characterized the country's vulnerability
to climate change)
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Figure 5.2 Summary table showing the impact of climate change on the coastal
lagoons

Source : adapted from Ministère de l’Environnement, de l’Habitat et de l’Urbanisme (MEHU)
(2003) Stratégie Nationale de Mise en Oeuvre au Bénin de la Convention Cadre des Nations Unies sur
les Changements Climatiques, UNDP and UNITAR, 80pp

Figure 5.3 The most vulnerable area of Cotonou

Source : adapted from scanned road map
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Overview of causes

The coastal erosion to which Cotonou and other places are exposed is a dynamic
sub-regional phenomenon resulting from the disruption (by upstream (dams) or
shoreline (ports) development) of the coastal currents carrying sand. In fact, the
coast is subject to ocean swells of distant origin, with waves measuring 160m to
220m long arriving at intervals of between 10 and 16 seconds. The oblique angle
of the swell in relation to the shore varies between 4° and 9°, causing coastal drift
(also known as coastal transport) from west to east. This coastal transport carries
1.5 million cubic metres of sand every year from Lomé to Cotonou. The
construction of ports in the two cities has diverted sediment upstream (i.e. to the
west of the port of Cotonou) and reduced the sandy deposits that should enrich
the coast of the first and fourth arrondissements and beyond. Until recently, this
erosion has been exacerbated by the operation of marine sand quarries along the
Cotonou coastline (Jacquot and Tokplégbé beaches, PK10, etc.)

Threats to residential districts and road infrastructure

In the first arrondissement, some very smart residential districts (JAK and
Tokplégbé) with prestigious buildings are inhabited by expatriates, senior
government officials and other eminent individuals. Camps set up by fishermen
and homeless people can be found all along this portion of the coast. Population
densities are very high in the dormitory suburbs of Donatin and Akpakpa-
Dodomey in the fourth arrondissement. Here, some former roads and other
amenities (drains, pavements and coconut plantations) have now disappeared,
swallowed up by the sea as the shoreline retreats (see Figure 5.4).

Exposure of the industrial sector

The bulk of the industrial area of Benin is in Cotonou’s fourth arrondissement,
which is exposed to coastal erosion. Consequently, industrial activities are
threatened. So, too, are the livelihoods of around 1500 people working in more
than 30 state enterprises (brewery, textiles, gas, agricultural development, cement
works and many others), as well as private or small-scale enterprises specializing
in various kinds of production and service provision – the sale of drinks, cotton
hulling, building and public works, printing, the manufacture of cement, textile
production, the timber industry, gas production, painting and pharmaceuticals.
Although industrial activities are not very developed, they make a considerable
contribution to the national economy.

Threats to the tourism sector

Hotel infrastructure is being undermined and destroyed by the sea (e.g. the Hotel
Eldorado has been severely damaged and the Hotel du Lac, PLM Aledjo, Palm
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Beach and other establishments have also suffered). The disappearance of these
facilities would represent a loss to the tourism-based economy, especially as Benin
does not have enough of these kinds of facilities.

Other coastal cities in Benin also have vulnerable infrastructure (whether
administrative, health, hotel, industrial or socio-economic), where the coastal
erosion exhibits other features and affects different socio-economic groups to
varying degrees (e.g. in Sèmé, Grand Popo and Ouidah).

Signs and consequences of rising sea level and coastal erosion

A rise in sea level related to global warming is a factor that will considerably
worsen coastal erosion. The shoreline of Benin is a fragile ecosystem exposed to
the negative effects of climate change, such as:

• rising sea and ocean levels;
• changes in average rainfall patterns;
• increased atmospheric temperature affecting natural ecosystems, human

settlements, water resources and coastal infrastructure; and
• the marked coastline regression to the east of Cotonou.11

Coastline regression is one of the signs of rising sea level and encroachment. In
fact, diachronic studies based on remote sensing to assess changes in the shoreline
have revealed the vulnerability of the coast of Benin, especially the first and
fourth arrondissements of Cotonou.

The first of these studies,12 conducted during an analysis of the kinematics of
the coastline using remote sensing, compared a map of Cotonou dating from
1963 with a picture obtained 24 years later.13 This comparison reveals the impact
of the rise in sea level. The area east of the port of Cotonou (first and fourth
arrondissements) has been undermined by coastal erosion, the shoreline having
retreated by 400m at a maximum speed of 16m per year, with a total loss of
around 112ha of land.

The second study,14 highlighting the same phenomenon, is based on
computer processing of satellite pictures taken in 1986 and 2000. Figure 5.4 has
been prepared by superimposing the satellite images.

Loss of human settlements

In the Gulf of Guinea, the impacts of coastal erosion are often disastrous for the
countries concerned,15 resulting in the disappearance of infrastructure along the coast.
Infrastructure to the south of Cotonou that is threatened with disappearance includes:

• the buildings of people living around Cotonou Lagoon;
• the self-governing port of Cotonou and its handling facilities;
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• a number of hotels dependent upon the self-governing port of Cotonou;
• the fishing port;
• the presidential buildings;
• the international conference centre; and
• the international airport.

Infrastructure and urban structures have been lost to the sea, including housing
and some roads and earth tracks in the first and fourth arrondissements
(Tokplégbé and JAK districts). Similarly, the villas (built by Fagace Co) and 
hotels such as the Aledjo have seen parts of their installations swept away (see
Figures 5.5 and 5.6).

Impacts upon human health

Submersion, causing flooding in the inter-dune areas, will have an impact upon
people’s health. There is a risk of resurgence of endemic tropical diseases as a
result of the development of breeding grounds for anopheles mosquitoes (which
spread malaria16) and tsetse fly larvae, which have adapted to saltwater, as well as
other threats to health amplified by climatic variability and change. There could
be an increase in cardiovascular and cerebral diseases related to high saline levels
in the water, which could increase mortality rates, especially among elderly
people, pregnant women and children.17 This situation would exacerbate the
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Figure 5.4 Coastline regression in the east of Cotonou

Source : Ministère de l’Environnement, de l’Habitat et de l’Urbanisme (MEHU) (2003) Stratégie
Nationale de Mise en Oeuvre au Bénin de la Convention Cadre des Nations Unies sur les Changements
Climatiques, UNDP and UNITAR, 80pp
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Figure 5.6 An undermined (lateritic) beaten earth road in Cotonou showing an
erosion micro-cliff (about 1m high) at the top of the beach, generated by the
rapidly retreating shoreline

Source : Biagi, R. (2002) ‘Erosion littorale à l’est de la lagune de Cotonou. Les choix énergétiques:
De l’évaluation des impacts à l’évaluation environnementale stratégique’, Colloque de Cotonou du
24 au 27 avril 2001, Agence Intergouvernementale de la Francophonie, Institut de l’Energie et de
l’Environnement de la Francophonie, Agence de l’Environnement et la Maîtrise de l’Energie,
pp691–694

Figure 5.5 Hotel infrastructure (holiday village) being destroyed by coastal erosion

Source : Biagi, R. (2002) ‘Erosion littorale à l’est de la lagune de Cotonou. Les choix énergétiques:
De l’évaluation des impacts à l’évaluation environnementale stratégique’, Colloque de Cotonou du
24 au 27 avril 2001, Agence Intergouvernementale de la Francophonie, Institut de l’Energie et de
l’Environnement de la Francophonie, Agence de l’Environnement et la Maîtrise de l’Energie,
pp691–694

Chapter 05.qxd  4/30/2009  4:18 PM  Page 119



 

poverty and the precariousness of the living conditions of inhabitants and have
serious consequences for the city’s economy and, indeed, the entire country,
jeopardizing the achievement of development objectives.

Biophysical disruption

Geomorphological changes due to eustatic, neotectonic and sedimentological
phenomena are altering the shores of Benin, which have a great variety of
ecological zones colonized by very diverse plant formations – for example,
mangroves, freshwater marshy forests and hydrophytic and halophytic meadows.
A 50cm rise in sea level would cause a systematic reduction in the area colonized
by these plant formations (especially mangroves) and a flooding of lowland areas.
Currently, various animal species (e.g. crabs and marine turtles) are experiencing
disruption to their ecological niche. Those whose livelihoods depend upon
fishing have already declared some species of fish to be scarce in both inshore
waters and lagoons.

The level of the main lakes and lagoons (Lake Nokoué–Porto Novo Lagoon
complex and Lake Ahémé) will rise. Lake Nokoué is likely to double in size and
a large part of its high-water bed will be flooded due to the geometry of its basin.

Impacts upon traditional fishing

Fishing is under threat. It represents a major part of the livelihoods of more than
15,000 people in Cotonou, especially those living in districts on the coastal strip
of Cotonou, along the lagoon canal and around Lake Nokoué. Many of the
homes on the banks have been swept away by the sea. Many families in the
fishing hamlets have been obliged to migrate, having no further room to retreat
to protect their camps. Those determined to remain on the coast live in makeshift
accommodation (from Placodji to PK6) (see Figure 5.7).

Salt intrusion

The hyaline characteristics of freshwater will be changed permanently by
salinization, with the concomitant risk of changes to and, indeed, the
disappearance of freshwater ichthylogical fauna. The shallow water table in
Cotonou and its surrounding area (1m to 3m) could become brackish. This
physicochemical change would be accompanied by the spread of many diseases
among the local population. In the field of civil engineering (buildings and other
structures), an increase in the salt content of the soil would alter the resistance
properties of materials, attacking the foundations of masonry structures. An
increase in salt content would also destroy some of the flora of the slopes and
sides of the plateau, bringing about considerable ecological changes in the coastal
zone.18
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Adapting to the rise in sea level and its consequences

It is a matter of urgency to find ways for people and ecosystems to adapt so that
they become less vulnerable. A brief description of the options is given below. It
must be pointed out that adaptive measures are not confined to addressing the
vulnerability in Cotonou, as the phenomenon is widespread throughout the Gulf
of Guinea. An analysis of measures implemented so far shows that adaptation
takes two forms: passive and active.19

Passive adaptive measures

Passive measures call for the adoption of decisions or attitudes to avoid or
alleviate the negative effects of rising sea level and coastal erosion. Such measures
were implemented just after the port of Cotonou was built and involved adding
sandy sediment to vulnerable areas. For example, sandy sediments may be taken
from well-stocked areas to areas that are deficient in sand, and beach rocks may
be used to protect the shoreline (see Figure 5.8).
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Figure 5.7 Fishermen’s camps threatened by sea erosion

Source : K. Dossou
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Active adaptation

These measures involve building structures either along the coast or out into the
sea. There are two types: lengthways structures such as breakwaters, seafront walls
and beach defences; and transverse structures, such as groynes that are
constructed of different materials (wood, concrete, etc.) and that run
perpendicular to the coastline (see Figure 5.9).

In view of the obvious signs and scale of erosion in Cotonou, beach defences
cannot work and breakwaters and groynes would appear more appropriate.

A concrete barrier was constructed at the entrance to Cotonou Lagoon to
reduce sea encroachment on the lagoon and Lake Nokoué and to protect the first
Cotonou bridge. When the lagoon was constructed in 1885, it was just a small
canal intended to drain off rainwater following floods; but it is now more than
200m wide due to the force of water runoff.20 However, the barrier has now been
reopened to allow sufficient contact between the lagoon/lake complex and the sea
and to avoid the accumulation of sediment from the banks of the lagoon and
Lake Nokoué.
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Figure 5.8 Passive adaptation: Using rocks in human settlements on the Benin
coast

Source : K. Dossou
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Technical measures

As part of its strategy to implement the United Nations Framework Convention
on Climate Change (UNFCCC), various technical measures are planned by
Benin to adapt to the rise in sea level and coastal erosion. These adaptation
options are the stabilizing of the coastline by constructing groynes, and moving
the communications, transport and hotel infrastructure.

The construction of groynes to stabilize the coastline has the objective of
making it possible to remain in the city of Cotonou in the event of a rise in sea
level. For example, the Siafato groyne is designed to safeguard the substantial
socio-economic, administrative and residential infrastructure established beside
the sea. Although effective in alleviating the local problems caused by erosion, the
protective system would, according to the environmental impact analysis
conducted in 2004, transfer erosion further along the coast to the municipality
of Sèmé and then on to Nigeria (to the east). The city’s installations would be
safeguarded; but the impact study estimated that 195ha of land would be lost
from the eastern coast in 20 years’ time. The project includes a plan both to
resettle or compensate people affected by the transfer of erosion and to conserve
the area vulnerable to erosion.21

The second option, involving moving infrastructure, has both psychological
and financial constraints. Favourable factors are the moves towards
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Figure 5.9 The concrete barrier on which fishermen stand at the entrance to
Cotonou Lagoon

Source : K. Dossou
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decentralization already under way in Benin in response to the policy of
administrative decentralization aimed at balanced development of the different
regions of the country, especially municipalities with land on both the plateaux
and the coast. With regard to Cotonou airport, there are financial constraints; but
an enabling factor is an already existing plan to construct a new airport in Glo-
Djigbé on the Allada plateau (to the north of Cotonou). Such infrastructure
development would have to be followed by a land-use plan and an urban
blueprint, registering all property around the airport within a radius of 2km.

All of these measures require the mobilization of substantial financial
investment as well as political will, and the communities concerned should
participate in the decision-making process.

Adaptation in the health sector

The measures identified in the health sector to adapt to the rise in sea level and
flood occurrence include:

• using impregnated mosquito nets to protect against malaria;
• developing more widespread vaccination against tsetse fly;
• developing health insurance and mutual health insurance companies;
• desalinizing water to use for drinking; and
• recycling rainwater.

Adaptation in the fisheries industry

Fish farming, as an adaptive measure, would help to reconstitute the ichthylogical
fauna and provide catches for those whose livelihoods depend upon fishing. It
would also improve the availability of fish and prawns in Cotonou Lagoon and
other bodies of water, which are experiencing problems of overfishing and conflicts
relating to the lagoon and lake ecosystems22 and the use of prohibited techniques.23

Conclusions

The city of Cotonou is vulnerable to climate change, which will cause a rise in
sea level (with its associated impacts) due to global warming. This chapter has
analysed its projected effects on human systems (activities, human settlements,
health, etc.) and on the coastal and lagoon natural ecosystems.

In its national strategy to implement the UNFCCC, Benin has prepared two
scenarios: technological adaptation through the installation of protective groynes
to stabilize the coastline; and the relocation of activities, infrastructure and
communities. However, the search for funding is delaying implementation of the
first option, which will be extremely beneficial for coastal municipalities and
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towns such as Grand Popo, Ouidah and Abomey-Calavi, and especially the city
of Cotonou. The phenomena described in connection with coastline regression
and risks of rising sea level demand good planning. In this regard, advantage
should be taken of the ongoing preparation of the National Adaptation
Programmes of Action (NAPAs) in Benin. The identification of priorities, as
expressed by the most vulnerable communities, must be used to transform the
selected, approved adaptation options into projects. With the support of national
and international financial partners (the World Bank, the Global Environment
Facility, the United Nations Development Programme and non-governmental
organizations), the proposed adaptive measures must be implemented as soon as
possible to reduce communities’ vulnerability and suffering.

Moreover, national NGOs must play their advocacy role, drawing politicians’
attention to the other climatic hazards that could further impoverish people.
They should also raise the awareness of local communities and encourage them
to take responsibility with regard to:

• the occupation of land already identified as affected (threatened coastal zone,
swamps or valley bottoms, runoff routes); and

• the protection of the environment through the adoption of appropriate
behaviour.

The vulnerability of the coastal region, particularly in the case of Cotonou, is real.
This is why NGOs, communities, political leaders (local councillors, planners
and funders) and scientists (natural resources specialists, climatologists,
agronomists, etc.) must combine their efforts to:

• improve documentation of climate change and extreme phenomena at local,
national and regional levels (such as the rise in sea level and its consequences);
and

• plan and initiate effective, concerted action to adapt to future climatic
conditions.
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6

The Vulnerability of Global Cities to
Climate Hazards

Alex de Sherbinin, Andrew Schiller and Alex Pulsipher

Introduction

Global cities are engines of economic growth and centres of innovation for the
global economy and the hinterlands of their respective nations. The foundations
of prosperity and prominence for most global cities lie in their longstanding
commercial relationships with the rest of the world. Most global cities are located
on or near the coast, which has facilitated trade and contributed to their wealth.
They are also often located in low-lying areas near the mouths of major rivers,
which served as conduits for commerce between interior agricultural and
industrial regions and the rest of the world. As it happens, these locations place
global cities at greater risk from current and projected climate hazards such as
cyclones, high winds, flooding, coastal erosion and deposition, and sea-level rise.1

Global cities are also important centres of population concentration and
growth. According to Brockerhoff, just 25 years ago less than 2 per cent of the
global population resided in ‘megacities’ of 10 million or more inhabitants.2

Today, the proportion exceeds 4 per cent and by 2015 it will top 5 per cent, when
megacities will likely house 400 million people. The phenomenal growth rates
that most low-income country megacities experienced from the 1960s to the
1980s have now somewhat tapered off; but because lower rates are being applied
to higher population bases, the absolute numbers being added to their
populations are still high. The fact that so many people reside in megacities near
coastlines, and that these cities continue to grow, underscores the importance of
assessing the vulnerability of such cities to coastal climate hazards.

Recent incidents have highlighted the vulnerability of urban areas, in general,
to climate hazards. Hurricane Katrina in August 2005 effectively obliterated
much of the Gulf Coast of Mississippi and flooded large portions of New
Orleans, resulting in the evacuation of all residents and more than 1000 deaths.
The flooding was greatest in African-American neighbourhoods, and in the
aftermath there were widespread accusations that the slow and ineffectual
government response reflected a racial bias.3 In July 2005, Mumbai, India, was
struck by a cyclone that dumped 94cm of rain in 24 hours, also leaving more than
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1000 dead, mostly in slum settlements. In terms of casualties, an even more
devastating set of flash floods and landslides in Caracas and on the north coast of
Venezuela in December 1999 killed 30,000 people and affected another
483,000.4 Each of these events underscores the vulnerability to climate hazards
faced by the urban poor, especially those living in substandard housing in the
most vulnerable locations.

Researchers at the Centre for Research on the Epidemiology of Disasters
(CRED) have tracked an increase in almost all disasters, with the time trends for
climate-related disasters, including floods, windstorms and droughts, showing
the greatest increase, well above all geological hazards.5 There are two factors
behind this rise in climate-related disasters. One is regional increases in the
severity and periodicity of hazard events.6 For example, in the Atlantic and Pacific
cyclone-generating areas, increased sea surface temperatures associated with
global warming are responsible for an increase in the intensity and duration of
tropical storms (although not necessarily an increase in their frequency).7 The
second factor – as alluded to above – is the large and growing proportion of the
world’s population that is living in cities and towns near the coast or in drought-
prone or low-lying areas and that consequently is exposed to these hazards.
Research by McGranahan et al finds that more than 600 million people (or 10
per cent of the global population) reside in coastal zones of less than 10m
elevation, and that 13 per cent of them, or 77 million people, reside in
megacities.8 This combination of increased hazards and exposure results in greater
numbers of disasters that claim lives and cause major economic losses.

The emphasis of climate change policy has largely been on mitigation. As
necessary as these efforts are, it is clear that more attention needs to be given to
adaptation to the climatic changes that are already under way and which will be
exacerbated by future emissions of greenhouse gases. Rayner and Malone argue:

… the record and prospects of achieving emissions reductions suggest it
would be prudent to expand the repertoire of climate change policies,
if only because our past emissions and the timetable for any plausible
reduction programme mean climate change is already upon us.9

Among other elements, disaster preparedness and management plans are vital
components of an adaptation strategy. But to design these, we need a better
understanding of which people and systems are vulnerable to what kind of
climate hazards, what makes them vulnerable, and where they are located.

In the following section, we briefly describe the vulnerability framework
applied in this chapter. In the section thereafter, we apply the framework to an
examination of three cities that are particularly vulnerable to multiple climate-
related hazards: Mumbai (formerly Bombay) in India, Rio de Janeiro in Brazil
and Shanghai in China (see Figure 6.1). Conclusions from this research are
provided in the final section.

130 Risk and Vulnerability for Cities

Chapter 06.qxd  4/30/2009  4:18 PM  Page 130



 

Framing vulnerability

Vulnerability is the degree to which a system or unit is likely to experience harm
due to exposure to perturbations or stresses. The concept of vulnerability
originated in research communities examining risks and hazards, climate impacts
and resilience. The vulnerability concept emerged from the recognition by these
research communities that a focus on perturbations alone (environmental, socio-
economic and technological) was insufficient for understanding the responses of,
and impacts on, systems (social groups, ecosystems and places) exposed to such
perturbations.10 With the concept of vulnerability, it became clear that the ability
of a system to attenuate stresses or cope with the consequences through various
strategies or mechanisms constituted a key determinant of system response and,
ultimately, of system impact. A clearer understanding of coping strategies or
mechanisms can thus throw light on who and what are at risk from what, and
how specific stresses and perturbations evolve into risks and impacts.

Vulnerability in the social sciences is typically identified in terms of three
elements: system exposure to crises, stresses and shocks; inadequate system
capacity to cope; and consequences and attendant risks of slow (or poor) system
recovery. This perspective suggests that the most vulnerable individuals, groups,
classes and regions or places are those that experience the most exposure to
perturbations or stresses; are the most sensitive to perturbations or stresses (i.e.
most likely to suffer from exposure); and have the weakest capacity to respond
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Figure 6.1 Large cities in relation to current climate-related hazards

Note : The cities included in this figure have populations greater than 5 million. Hazard risk
represents a cumulative score based on risk of cyclones, flooding, landslides and drought.

Source : for cities: CIESIN (2006) Global Rural-Urban Mapping Project (GRUMP), alpha version,
data available from http://sedac.ciesin.columbia.edu/gpw/. For hazards: Dilley, M., Chen, R. S.,
Deichmann, U., Lerner-Lam, A. L. and Arnold, M. (2005) Natural Disaster Hotspots: A Global Risk
Analysis, World Bank, Washington, DC, 132pp, data available from www.ldeo.columbia.edu/
chrr/research/hotspots/coredata.html
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and ability to recover. In this chapter, we apply a vulnerability framework,
described elsewhere,11 to better understand the vulnerabilities of three megacities
to hazards resulting from climate change and variability. The framework addresses
the vulnerability of interacting human–environment systems to multiple and
synergistic stresses that emanate from within as well as from outside the system.

Within this extended vulnerability framework, there is formal recognition
that macro-forces – broad-scale environmental and human systems within which
the local system resides – come together to affect the local system and,
simultaneously, influence the pressures that act upon it. Different pressures across
scales come together in various sequences to create unique ‘bundles’ of stress that
affect local systems. A major hypothesis holds that when stresses or perturbations
emanating from the environment coalesce with those arising from society,
significant consequences can result. For example, economic depression reduces
society’s capability to develop or maintain pre-emptive coping measures to reduce
the impacts of drought, such that the co-occurrence of drought and economic
depression synergistically enlarges the vulnerability of the system. The risks
resulting from such vulnerabilities emerge from multiple sources and at different
scales. These risks cascade through interacting human and environmental systems
to create adverse consequences.

We find that the framework provides new insights into vulnerabilities
because it considers multiple, synergistic stresses and perturbations, on one side
of the equation, and multiple, synergistic physical and social characteristics of the
exposed system, on the other. This enables us to conduct a ‘gap analysis’ that
identifies areas of exposure and vulnerability and points to areas of greatest need
for strengthened adaptive capacity and risk management.

The case studies

We examine here three case studies of global coastal cities in light of climate
hazards: Mumbai (formerly Bombay) in India, Rio de Janeiro in Brazil and
Shanghai in China. Each of these cities has urban agglomerations in excess of 
10 million people, the threshold that the United Nations applies to designate a
‘megacity’, and they each represent important national and regional engines of
economic development and innovation.

This chapter addresses current and future vulnerability to climate hazards.
The respective sections provide baseline information on climate in each of the
cities. To assess future vulnerability, we use standard sets of climate change and sea-
level rise scenarios. Figure 6.2 provides projected temperature changes by season
for reduced emissions (‘sustainable path’) and increased emissions (‘business as
usual’) scenarios.12 Compared to temperature changes, precipitation changes are
considered to be more difficult to model accurately and therefore are not included
here. Projections of sea-level rise due to melting land-based glaciers and polar ice
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caps range from 0.2m to 0.9m by 2100,13 although recent rapid melting in
Greenland and Antarctica suggest that these estimates could be superseded.14 We
adopt a common projected sea-level rise of 50cm by 2050, although local
variations in land subsidence will affect the relative sea-level rise in each location.15

These global cities are located in very different physical environments, which
make for interesting comparisons. The climate of Mumbai is tropical moist, Rio
is sub-tropical wet and dry, and Shanghai is on the border between sub-tropical
and warm-temperate. Shanghai is located at the mouth of a major river (the
Yangtze), and all are coastal cities with significant areas just above sea level. Two
of the cities, Mumbai and Shanghai, are subject to hurricane (tropical cyclone)
landfalls at least once a year.
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Figure 6.2 Projected changes in temperature for the global cities

Source : pers comm with Richard Goldberg from the Goddard Institute for Space Studies, 
New York
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 We focused on collecting data in the categories shown in Table 6.1 in order to
explore climate hazard vulnerability for these three global cities. Note that data
on stresses and perturbations include both climate and social components, some
of which arise endogenously to the system. Likewise, system characteristics
include elements of physical geography and built infrastructure, coupled with
socio-economic conditions that include what we term endowments, and coping
abilities (both direct and indirect).

Mumbai

Mumbai is the largest and most economically important city in India. Its 17
million people (1.7 per cent of India’s total) contribute roughly 17 per cent of
India’s income tax and 37 per cent of India’s corporate tax annually.16 Mumbai
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Table 6.1 Data collected to test the expanded vulnerability framework

Stresses/perturbations System characteristics

Climate related Temperature Physical Topography/bathymetry
increases environment
Extreme Geology
rainfall
Drought Current/
frequency recent climate
Wind speeds Wetlands/low-lying areas
Sea-level rise Infrastructure Domestic water needs

Socio-economic Population Industrial water needs
growth
Economic Sanitation/waste disposal
downturn
Globalization Endowments Income/poverty rates

Education
Healthcare

Direct-coping Early warning system
abilities Evacuation plan

Disaster management 
plan
Appropriate zoning
Dykes or other 
armaments
Building codes

Indirect coping Percent migrants
(social capital) Crime rate 

Single-parent households
Voter turnout
Households with secure 
tenureSo
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hosts India’s largest stock exchange, its largest high-tech centre, the world’s most
prolific film industry, the world’s largest metro-suburban rail system and Asia’s
largest squatter community. Across the bay from the old city, Navi Mumbai (New
Mumbai) is taking shape as the world’s largest totally planned city. Unfortunately,
with its downtown located on a flood-prone, poorly drained peninsula composed
largely of landfill, Mumbai is highly vulnerable to climate hazards, as
demonstrated by the extensive monsoon flooding in July 2005 that killed more
than 1000 residents. Among the most vulnerable are the approximately one half
of the city’s residents who live in squatter communities, many of which are
located in low-lying areas without adequate sanitation or water supplies. Finally,
these vulnerabilities are compounded by Mumbai’s location on several seismic
faults, as well as its unsanitary methods for raw sewage and industrial waste
disposal into the waters and air surrounding Mumbai.

Physical environment
The Portuguese were first attracted to Mumbai, known then as Bom Bahia (‘good
bay’ in Portuguese), for its excellent harbour and the opportunities for trade with
several communities on islands within the harbour. The British gained control of
Mumbai (then Bombay) from the Portuguese in 1661 and, as trade and
population increased, the need for additional land led to the filling in, between
1784 and 1845, of the shallow waters and tidal mudflats connecting the original
seven islands with rock and dirt from the island’s own hilltops. Today, most of
Mumbai city centre, which includes the stock exchange, the main train stations
and train lines and numerous high rises, is located on landfill. The inland
suburbs, where most of the population now lives, are located at higher elevations.
However, much new settlement (industrial, residential and commercial) has
occurred along the coastal areas of Greater Mumbai, which are low-lying and
flood prone.17

Mumbai’s climate is tropical, with temperatures ranging between 16° and
33°C. Temperature and rainfall are strongly affected by the Indian monsoon, which
normally starts in June and ends around the middle of September. Approximately
2500mm of Mumbai’s 2700mm annual rainfall comes at this time, with flooding
common when spells of heavy rainfall coincide with high tides or storm surges. On
26 July 2005, the city received an unprecedented 944mm of rainfall in a 24-hour
period, resulting in the most devastating floods in recent history.

Built environment
Mumbai has a diverse built environment with unique combinations of urban
problems associated with its drainage system and its squatter communities,
including building collapses, likely future water shortages and poor sewage disposal.

Drainage. Most landfill areas (i.e. most of the old city) are prone to flooding
during the monsoon, especially when heavy rains combine with high tides or
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storm surges. Even in wealthy areas, drains are often blocked by trash and debris,
and monsoon flooding often shuts down Mumbai’s commuter rail lines, which
are among the most heavily used in the world.18 Flooding of this type would
likely increase with sea-level rise, necessitating major upgrades in the drainage
systems and possibly an elevation of major rail lines. Projects are already under
way to upgrade the drains that run alongside the rail lines and to demolish
squatter communities also situated alongside rail lines, which contribute to
clogged drains. However, this work was not designed with sea-level rise in mind.
A national study ranking India’s coastal zones according to their vulnerability to
sea-level rise found Mumbai to be the most likely to experience damage.19

Squatter communities. It is estimated that 55 per cent of Mumbai’s population
live in squatter communities, locally referred to as slums, roughly half of which
are severely dilapidated. Many squatter structures are single storey and built of
salvaged materials. Nevertheless, population densities for roughly one half of
Mumbai’s squatter communities are estimated to be as high as 94,000 people per
square kilometre, making it one of the most densely settled districts in the world.
Mumbai’s squatter communities suffer from inadequate access to potable water
and sanitation, with the World Bank estimating that 170 people depend upon
each public latrine in these areas and that one third of the 35,000 latrines in
Mumbai are out of service.20 As demonstrated in July 2005, even without sea-
level rise, many squatter communities in Mumbai are already frequently flooded
as they are often located in low-lying coastal areas and along stream banks.
Flooding is common even on the higher ground in Mumbai’s squatter
communities, as the large amount of refuse and debris in these areas tends to clog
storm sewers, causing a backup of water that would otherwise run off or find its
way into storm drains.21 Landslides are another threat to squatter communities
that are near or on the few hillsides in the city.

Historically, Mumbai authorities have dealt with the problems caused by
squatter communities by demolishing them and forcibly relocating the
inhabitants to new areas in the suburban fringe. Increasingly, non-governmental
organizations (NGOs) are organizing to meet the needs of squatter dwellers for
better access to sanitation and water; but their efforts are still limited in scope and
their impact is quite small, especially with regard to some of the squatter
communities most vulnerable to sea-level rise and flooding. This is because
funding from the Indian government cannot be used in violation of zoning
regulations that prohibit residential development in coastal areas.22 While, in
theory, restricting coastal zone settlements reduces settlement in vulnerable areas,
in practice, this has not deterred such settlement and has merely stalled efforts to
make these areas less susceptible to damage and loss of life.

Drinking water/potable water capacity. Mumbai’s water supply consists of
several artificial rain-fed lakes located in the suburbs to the north of the old city.
Their location on hills makes them less susceptible to impacts from sea-level rise,
although their dependence upon local rainfall (as opposed to canal systems or
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piping from other regions) means that increasing rainfall variability could
threaten local supply. The World Bank’s Bombay (Mumbai) Water Supply and
Sewage Disposal projects, which were implemented between 1975 and 1995,
increased the city’s water supply from 984 to 2460 million litres per day.23 Yet,
according to the Mumbai Metropolitan Region Development Authority, as of
1995, demand still outstripped supply by 23 per cent, and they have projected
that total demand will exceed 7940 million litres per day by 2011.24 Antiquation,
leaking and partially unmetered water delivery are cited by the World Bank as
major problems holding back improvement of the city’s water system.

Pollution. Both air and water pollution have been identified as major
problems in Mumbai. The World Bank describes Mumbai’s air pollution as
‘severe’ and, with regard to Mumbai’s water pollution, states: ‘about 75 per cent
of all sewage is untreated and discharged to local waterways and coastal waters,
causing extensive environmental hazard’.25

Socio-economic conditions
Endowments. While Mumbai has by far the largest concentration of wealth in
India, it is unevenly distributed within the city. Per capita income, adjusted for
purchasing power parity, is estimated to be three times the Indian average, or
equal to US$6600;26 yet income distribution in the city is a major problem. In
1989, 62 per cent of households in the Mumbai Metropolitan Region (MMR)
earned less than US$ 20 per month, and one quarter of all households in the area
were below the US$48 per month poverty line.27 The unemployment rate is close
to 15 per cent.28 In 2001, the urban agglomeration’s population was 16.4 million,
and it is now estimated to be 17.7 million. By 2011, these figures are projected
to rise to 22.4 million, with 12.9 million in the old city and its immediate
suburbs and 9.5 million in the rest of the MMR.

Direct coping. Mumbai is the headquarters for the State of Maharashtra
Disaster Management Plan. An emergency operations centre (central control
room) in Mumbai is the main hub for a network connected to a variety of
sophisticated technologies aimed at emergency planning and disaster
management. Multi-hazard response plans, financed by the UK’s Department for
International Development (DFID), are also in place in Mumbai as well as in six
other centres across the state. There are multi-hazard response plans in place for
each district, including risk assessment and vulnerability analysis with reference
to earthquakes, floods and cyclones, epidemics, road accidents, fires, and
chemical and industrial disasters. These systems also contain a multi-hazard
response structure, capability analysis, inventory of resources, mitigation
strategies, and a directory of personnel and institutions in the districts with their
contact addresses, telephone and fax numbers.29 Revi laments, however, that
despite identifying flood risks and pinpointing vulnerable slums, no systematic
action has been taken in the five years since the plan’s development to mitigate
the risk.30 Moreover, the ongoing landfill projects of various Mumbai
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development authorities suggest that a prevention-oriented approach to disaster
avoidance and reduction is lacking.

Regulations are in place that prohibit the location of new industries in the
old central part of the city. This has been done in order to reduce congestion and
pollution and to discourage further dense settlement in this old portion of the
city that has an antiquated built environment. These regulations have an added
and, as yet, unappreciated benefit of decreasing settlement on landfill areas that
are susceptible to flooding and potential shifting due to sea-level rise and
increased storm frequency. However, some of the new settlements to which
industries and people are being relocated are also in low-lying coastal areas that
may be similarly susceptible to sea-level rise and storm surges.

Indirect coping. Despite its many chaotic qualities, Mumbai is socially highly
organized, a quality that mitigates some of the city’s vulnerability to natural hazards.
The internationally known squatter organization, the National Slum Dwellers
Federation (NSDF), is based in Mumbai. The NSDF received the prestigious Scroll
of Honour from the United Nations Human Settlements Programme for its work in
the collective design and construction of low-cost houses and toilets, improving
environmental sanitation in ways that can help to mitigate the disease impact during
and after flooding.31 The NSDF has more than 90 housing projects that are either
built or are under way, providing housing for more than 35,000 households.32 The
NSDF and similar organizations in Mumbai have built strong partnerships between
poor communities, NGOs and various levels of government.33

Despite the existence of slum federations, Revi decries the ‘institutionalization
of disparity’ in Mumbai, citing a decline in the quality of law enforcement and
justice institutions and a rise in organized crime and terror networks. He cites the
income disparity, one manifestation of which is the overpriced land market that
contributes to the spread of informal settlements, as a significant vulnerability.34

Another important aspect of Mumbai’s social support system is the city’s
ability to garner resources from abroad. As the wealthiest and most cosmopolitan
city in India, and as the centre of India’s film industry (the world’s largest in terms
of output), Mumbai looms large in the minds of Indians living abroad. This
community is recognized throughout India as a key to the country’s overall
development, and Mumbai’s unique ability to broadcast its problems and needs
to this community abroad may prove an important factor in reducing the impacts
of climate hazards on the city. This may be especially true in the case of dramatic
perturbations, such as sea-level rise and associated flooding, which could threaten
Mumbai’s status as the leading city of India.

Likely future climate hazards and overall vulnerability assessment
The Canadian Climate Centre’s A2 (business as usual) and B2 (sustainable path)
scenarios predict an average annual temperature increase of 1.75° and 1.25°C,
respectively, by 2050 (see Figure 6.2). This increase is similar to that predicted for
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Rio, but lower than the increases for New York or Shanghai. Mumbai is predicted
to have an average annual decrease in precipitation of 2 per cent for the A2
scenario and an increase of 2 per cent for the B2 scenario. The predicted sea-level
rise of 50cm by 2050 could prove seriously damaging for Mumbai.

Potential impacts of precipitation extremes. The A2 (business as usual) scenario
may engender water shortages in Mumbai given the city’s complete dependence
upon locally stored rainfall for its water supply. The fact that both scenarios
predict a decrease in rainfall during the first part of the year (January to August)
suggests that droughts will become more common in the MMR, although
predicted reductions during the monsoon season are less dramatic. Furthermore,
both scenarios show an increase in rainfall from September to November, which
may mitigate water shortages from reduced monsoons. If droughts do increase in
severity, this could trigger migrations from surrounding agricultural areas 
(a common occurrence during drought years), which could tax the city’s resources
in the context of multiple climate change impacts.

Coastal/marine issues. A 1996 Tata Energy Research Institute (TERI) study
put the cost to Mumbai of a 1m sea-level rise at US$71 billion.35 The study
concluded that US$24 million invested in protection against sea-level rise would
reduce the economic impact by about US$33 billion dollars. The predicted rise
in sea level of 50cm, together with storm surges, would render uninhabitable the
coastal and low-lying areas where many squatter communities are located.
Moreover, shifting would likely occur in the subsurface of the landfill areas,
resulting in many buildings becoming uninhabitable due to structural instability.
Mumbai’s landfill areas contain a mixture of high-value commercial properties,
such as the Stock Exchange, important public facilities, such as the main train
stations and train lines, numerous high-value residential high-rises and a number
of squatter communities. The few hills, formerly islands, which were not levelled
to create the landfill that the majority of the city was built on, comprise mostly
upscale residential areas long-prized for their relative immunity to flooding.
These areas lack the commercial potential to take up slack should the landfill
areas go into decline. However, provided that sea-level rise occurs gradually, and
is recognized early enough, Mumbai might be able to mitigate damage, perhaps
by shifting much of the old city to the adjacent suburbs or to Navi Mumbai.

Overall vulnerability. What emerges from using the extended vulnerability
framework is the identification of a set of stresses and perturbations that
collectively converge to create great ‘stress bundles’ for Mumbai. An example is
the convergence of extreme rainfall and floods. Mumbai’s various characteristics
of topography (flat), geology (unconsolidated fill material), numerous wetlands
and flood-prone areas, the city’s building conditions (not meeting building codes,
squatter dwellings and previously flood-damaged buildings), poor sanitation and
poor waste treatment and removal capabilities together create a particular bundle
of stresses that ‘collide’ with the set of socio-environmental conditions of
Mumbai, such that vulnerabilities emerge for the system.
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In addition, a stress bundle composed of population (large and growing),
projected sea-level rise and economic stresses converges to create some
particularly problematic issues for Mumbai. This is because of a set of
characteristics for Mumbai that include the lack of dykes and other coastal
armaments for dealing with sea-level rise, weak disaster preparedness at the scale
of sea-level rise, building conditions (as noted above) and low incomes that do
not allow the city to improve building conditions to the level required or to better
develop and fund disaster preparedness. Mumbai is thus facing threats that local
authorities have very little ability to control, dampen or mitigate. This suggests
that a reinforcing spiral could emerge for this set of issues, where increasing
population comes together with sea-level rise and a stressed economy to further
damage already weak buildings, undermine efforts to improve disaster
preparedness and build coastal armaments; and these, in turn, further erode the
economy while sea-level rise marches on. Mumbai’s informal coping capacities, as
a result of notably strong social networks and cooperation, emerge as important
parts of Mumbai’s resistance and resilience in the face of stresses. These informal
coping systems are expected to help reduce vulnerabilities to some degree for both
sets of issues that emerge from this preliminary analysis. Yet, by themselves, these
informal coping capacities appear quite inadequate to meet the challenges from
climate hazards and population size and growth that now face Mumbai.

Mumbai’s overall vulnerability appears to be high. While the city is relatively
prosperous compared to the rest of India, and it does have an elaborate disaster
management plan in place, the challenges posed by climate change, especially
flooding and subsurface shifting in landfill areas, are unlikely to be met
effectively. In particular, subsurface shifting of the type that Mumbai might face
could well overwhelm the adaptive abilities of any city, and particularly one with
some of the other critical issues that Mumbai now faces.

Rio de Janeiro

Rio de Janeiro is a city of just over 10 million people located on the south-eastern
coast of Brazil and covers an area of 1171km2. Guanabara Bay, where Rio is
situated, faces almost due south. Rio is the second most populous city in Brazil,
after São Paulo, and ranks second only to São Paulo in industrial production.
This erstwhile capital of Brazil is known for its beautiful beaches and the granite
hills that rise dramatically from sea level to more than 1000m. Yet, Rio faces
significant environmental sustainability challenges stemming from unregulated
settlement in hazardous areas, sewage disposal and industrial wastes. These will
be exacerbated by potential climate changes.

Physical environment
Rio’s dramatic topography has made it more prone to certain types of hazard.
When the Portuguese discovered Guanabara Bay in 1501, the coastal mountains
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were carpeted in thick Atlantic rainforest. As this protective covering has been
progressively stripped away to make room for settlements, the thin soils have
become prone to landslides and the granite and gneiss bedrock has been left
exposed to weathering, making it more prone to decomposition and erosion.

The coastline in this area was characterized by lagoons, estuaries and low-
lying coastal marshes, many of which have been filled in. The flat topography of
low-lying areas, combined with a lack of drainage, has continued to result in
flooding during the summer rainy season (January to March). The few remaining
lagoons, mangroves and marshes have been affected by sedimentation, reducing
their absorptive capacity during extreme rainfall events. Ninety per cent of
mangroves surrounding Guanabara Bay have been removed and intense
sedimentation has resulted in the need for dredging to maintain shipping lanes.
Rio’s beaches, a major tourist asset, are subject to intense erosion during storms
(with up to 5m recession), but usually recover quickly through the deposition of
sand laterally along the coast.36 Significant resources are also expended on beach
nourishment following intense erosion.

The climate in Rio is moderated by the coastal effect, its southern exposure
and the mountain ranges to the north. The mountain ranges block cooler north-
easterly winds during the winter months and enhance orographic precipitation
during the summer months, when winds are predominantly south-westerly. Rio
experiences wet summers (December to March), with an average temperature
range of 24° to 26°C, and dry winters (June to September), with an average
temperature range of 20° to 22°C (see Figure 6.3). Maximum temperatures rarely
exceed 42°C. From year to year, precipitation ranges between 1200mm and
1500mm, and evaporation between 800mm and 1200mm.

Rio has never been affected by tropical cyclones, although this may change.
The first recorded South Atlantic hurricane reached land in the state of Santa
Catarina in March 2004, suggesting that what was once thought to be a
meteorological impossibility is no longer so, with global warming-induced
increases in regional sea surface temperatures.37 The city receives a strong El
Niño–Southern Oscillation (ENSO) signal, and during El Niño years the city
receives higher then normal precipitation during the summer months. During
one recent El Niño year, 1988, the city was affected by severe floods as a result of
two intense periods of rainfall in early February that produced a total of 480mm
of rain, one third the annual total rainfall.

Built environment
Rio’s peculiar geography, and the circumscribed nature of suitable building sites,
has spawned two kinds of response. One is the construction of high-rise
apartments close to the coastline (e.g. Copacabana, Ipanema and Leblon) and in
flood-prone areas further inland; the other is unregulated construction on steep
slopes, particularly on the Tijuca Mountain range. The unregulated construction
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of favelas (shanty towns) has a long history and stems from the invasion of both
private and public urban lands by poor urban squatters who become de facto
(and, in some cases, de jure) owners of plots of land.38 Many favelas have evolved
over time from ramshackle collections of wooden shacks lacking even the most
basic amenities to organized communities of largely concrete housing with
cemented walkways, electricity, plumbing, sewerage and other services.
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Figure 6.3 Average temperatures (top) and hydrographs (bottom) for Rio de
Janeiro (1961–1990)

Note : Temperature does not vary significantly through the year. In contrast, the hydrograph shows
that precipitation is greatest in April and December, whereas potential evapotranspiration greatly
exceeds rainfall from June through August (the Southern Hemisphere winter months).

Source : Instituto Nacional de Meteorologia (INMET) www.inmet.gov.br/html/clima.php, accessed
26 September 2007
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Although favelas have always suffered during rainy seasons, the paving of
walkways has had the effect of increasing runoff to the point where water is often
ankle or knee deep between the houses. Runoff from communities on steep
hillsides, including Petropolis and favelas on the Maciço da Tijuca massif, are
channelled down cemented and quasi-natural watercourses to the narrow coastal
lowlands where they join canals whose limited flow capacity causes frequent
flooding. By contrast, the Baixada Fluminense, a large marshy lowland somewhat
removed from the steeper parts of the city, has had reasonably adequate drainage
since the 1930s.39

In terms of services, the city has a reasonably clean and reliable water supply
that is piped in from rivers in the state of Minas Gerais to the north. Over 84 per
cent of the population is supplied with water. Eighty-three per cent have their own
sanitary installations. Ninety-four per cent of the population has access to electricity
supply at home. Electricity is largely generated by Brazil’s major hydroelectric
facilities, which supply 92 per cent of the country’s electricity needs. A drought in
2001 led to electricity shortages throughout the country and consumers in Rio de
Janeiro were ordered to cut consumption by 20 to 25 per cent.

Waste disposal is a significant problem. Trash disposal for favelas remains
haphazard, with some estimates that 5400 tonnes per day or more end up in
rivers and drainage channels, blocking channels during peak flow.40 This
compares with 7000 tonnes per day that end up in city dumps, mostly on the
margins of Guanabara Bay. Daily discharges into the bay include 465 tonnes of
organic matter, 68 tonnes of which receive adequate treatment, and 9.5 tonnes of
oil. The Iguacu and Estrela rivers, which drain the bay’s watershed, are often
anoxic and produce a strong hydrogen sulphide smell.41

Guanabara Bay is surrounded by a mix of industrial and residential land uses.
As the second largest industrial zone in the country, it has 10,000 industries, 
10 oil terminals, 12 shipyards and 2 oil refineries. Petrobras, the Brazilian oil
company, has numerous off-shore drilling platforms near Rio and uses Rio as its
primary distribution point. A giant causeway crosses the bay, leading to Niteroi,
and two airports are located just above sea level on the margins of the bay.

Socio-economic conditions
Endowments. Although Rio’s product per capita is roughly double the national
average, its income distribution is highly skewed. The existence of pockets of
extreme poverty side by side with some of the most affluent neighbourhoods is
characteristic of the city. Rocinhas, among the oldest and largest of Rio’s favelas,
clings precariously to the steep slopes of the Tijuca Mountain range just above
Gavea, one of the city’s wealthiest neighbourhoods. It is estimated that 1.1
million people live in favelas, or 20 per cent of the municipality’s population.

According to the 2000 census, the population of the Rio metropolitan area
is 10.9 million, with 5.8 million residing in the municipality.42 Population
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density in the latter is 4640 individuals per square kilometre; but densities in the
smaller administrative units of the metro area are between 8000 and 12,000
people per square kilometre, indicating that some parts of the city have
significant population concentrations. Although rapid population growth of 3.8
per cent was predicted for the 1990s, the recent census figures suggest that the
rate may have been slower. Corrêa do Lago notes that the metro area received
758,000 migrants between 1970 and 1980, but that between 1980 and 1991 the
number had decreased by 24 per cent to 573,000.43 It is possible that continued
declines in migration account for the somewhat lower than expected overall
population growth. The 2005 estimated population of the municipality was 6.1
million, a 1 per cent growth rate between 2000 and 2005.

Direct coping. The state of Rio de Janeiro has a 15,000-member Civil
Defence, which includes the fire department, emergency medical services, sea
rescue services and the Community Relief Department. Brazil’s State
Environmental Engineering Foundation (Fundação Estadual de Engenharia do
Meio Ambiente, or FEEMA) is responsible for coastal monitoring and land-use
zoning in the state. Baptista de Araújo urges more micro-planning for disaster
management such as occurred under the Rio Reconstruction Project, which was
implemented in the wake of the 1988 floods.

In terms of zoning, until recently there was little effort to segregate industrial
or waste disposal activities from residential areas. This could result in potential
vulnerabilities, particularly should flooding lead to the dispersion of pollutants to
surrounding areas. New regulations have been put in place that restrict building
in hazard-prone areas and, according to Kreimer et al, ‘major emphasis has been
placed … on command and control mechanisms to regulate urban growth’.44

Efforts to ‘regularize’ favelas have also been under way for several years with
various government programmes to undertake cadastral surveys, grant deeds to de
facto owners and provide basic infrastructure. These same plans limit the further
expansion of favelas in flood-prone or steeply sloped areas.

Indirect coping. There are several issues that weaken Rio’s indirect coping
capacity. These include official corruption and political tensions between federal,
state and municipal governments; and large migrant communities with low
security of tenure, decreasing levels of social cohesion and low levels of education.

Geddes and Ribero Neto write of the widespread corruption during the
Collor administration.45 According to them, the weakening of the executive
branch’s ability to build coalitions and to ensure the loyalty of supporters in
Congress created strong incentives to exchange material benefits (in the form of
public works projects) for congressional support. Unfortunately, for those
jurisdictions (such as Rio de Janeiro) that had leaders in rival political parties, this
led to the denial of federal financing for public works projects and even problems
in the implementation of disaster relief programmes. Allen46 describes how
political wrangling between federal, state and municipal authorities negatively
affected relief and reconstruction efforts after the floods of 1988. She writes:
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… political rivalry between state and municipal government, between
both of them and the federal government, and even at managerial level
within the Caixa Economica Federal, exacerbated problems of project
implementation, involving an 18-month delay in starting the
reconstruction plan.

However, clearly, the political landscape has changed significantly since then and
recent evidence suggests a more cooperative atmosphere.

Rio has a large migrant population from the poorest parts of Brazil’s arid
north-east region. The fact that many of them do not have personal experience
with mudslides or mass wasting may account for their building practices.
Migrants move up hillsides in search of new land, consistently eating away at the
vegetation cover on the slopes above the favelas, despite government efforts to
cordon off such areas to prevent further development. Improved local
environmental knowledge and an understanding of slope dynamics might cause
favela dwellers to reconsider such activities.

Rio de Janeiro has invested more than US$600 million in its Programa Favela
Bairro to improve access to basic infrastructure, health and education for half a
million of its poorest residents.47 In terms of social cohesion, the favelas do have
some rudimentary organization, including neighbourhood watches and self-
improvement societies. However, the level of cohesion has apparently declined
over time as the levels of drug-related crime and violence have increased. One
observer speaks of the prevalence of young predatory gangs, which contrasts with
the kinds of gangs that, at one time, had a sense of allegiance to favela residents
and would even provide protection for their own.48

Likely future climate hazards and overall vulnerability assessment
The Canadian Climate Centre’s A2 (business as usual) and B2 (sustainable path)
scenarios predict roughly equal average annual temperature increases of 1.5°C
by 2050 (see Figure 6.2). This increase is about the same as that predicted for
Mumbai, but is lower than that for Shanghai. Unlike the other cities, the same
approximate 1.5°C increase is predicted across all four seasons. As mentioned
earlier, projected precipitation changes are less reliable, although Canadian A2
and B2 scenarios suggest declines of 7 per cent and 2.5 per cent, respectively.
Sea-level rise, as mentioned earlier, is predicted to be in the order of 50cm by
2050.

Potential impacts of precipitation extremes. Given the potential decreases in
precipitation during winter and/or spring, it is likely that these seasons will suffer
from increased drought. Summer months may also experience drought as
evapotranspiration increases due to increased temperatures with no offsetting
increases in precipitation. Drought conditions could precipitate two kinds of
problem. One is water scarcity, particularly if the droughts extend into the
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Paraíba River Basin in Minas Gerais, from where Rio obtains the majority of its
water. The other is electricity shortages, as were experienced recently throughout
the country in 2001.

Although average precipitation during the summer rainy season may decline,
increases in sea surface temperature and in the severity of ENSO events could
result in periodic flooding of the kind encountered during February 1967 and
again in February 1988. The 1967 floods were even more extreme than those in
1988 – 1985mm fell over two days (83 per cent higher than average annual
rainfall).49 Generally, precipitation extremes are expected to increase in severity
with climatic change and these will have adverse impacts upon Rio given that the
city already experiences extreme flooding on a 15- to 20-year basis. Poor
neighbourhoods are particularly vulnerable to this kind of flooding; roughly 300
people died and more than 20,000 people were made homeless during each of the
floods in 1967 and 1988.

Coastal/marine issues. Rio does not suffer from subsidence, so this will not
exacerbate sea-level rise. However, should sea-level rise be coupled with more
extreme coastal storms, there is significant likelihood of increased beach erosion,
which will affect nourishment costs and could ultimately affect the tourism sector
of the economy.50 However, Muehe indicates that it is unlikely that high-rise
apartment buildings in Copacabana and Ipanema will be directly affected by a
rise in sea level of 50cm even in the event of storm surges.51

As mentioned above, Guanabara Bay has lost most of its coastal mangroves
and significant portions of coastal marshes have been filled in. The potential for
mangroves or marshes to retreat inland with rising sea level is impeded by the
concentrated development along the coast. This will reduce the capacity of the
few remaining wetlands to act as buffers during storm surges.

Rising water temperatures may precipitate algae blooms in Guanabara Bay,
especially if no effort is made to treat discharges into the bay.

Overall vulnerability. We find that there are three stress bundles that are
particularly troublesome for Rio de Janeiro. Each converges with a particular set
of system characteristics to produce vulnerabilities that result from gaps in Rio’s
socio-ecological system and which do not allow it to withstand, respond to or
cope effectively with these predicted stress bundles.

Temperature increases come together with drought to put stress on Rio’s
drinking water supply. In addition, problems with governance exist that could
further hinder the city in developing more robust potable water storage and
delivery systems. Extreme and unpredictable rainfall and floods converge with
projected sea-level rise to increase stresses that will be difficult for Rio to handle
owing to the city’s topography (narrow coastal shelf backed by steep mountains
subject to mass erosion), poor building conditions, the lack of secure land tenure
for a notable portion of the city’s population, poverty coupled with large income
inequalities, high rates of crime that reduce social trust, and large problems with
sanitation systems and sewage disposal.
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Lastly, sea-level rise converges with the tourism-based economy of a beach
city to create a third stress bundle of great importance to Rio de Janeiro. Because
of Rio’s characteristically narrow beach, which is backed by steep slopes and
mountains, modest increases in sea level will likely magnify sand erosion. In
addition, Rio has no dykes or other armaments that could protect the beach
from modest sea-level rise or even from great storm surges. This situation
illuminates a gap between the stress bundle and Rio’s ability to resist or cope
with it. Because of Rio’s economic dependence upon beach tourism, such
damage will likely have reciprocal effects on the economy, thus creating
additional stress on the city.

Based on this preliminary assessment, we conclude that Rio suffers from a
significant ongoing vulnerability to climate hazards, particularly flooding and
landslides. Although civil defence institutions have been set up to cope with
natural disasters, underlying structural problems, including political clientelism
and spatial segregation based on income, render the city vulnerable to climate
hazards. Little in the way of concrete flood protection infrastructure has been set
up in the wake of the 1988 floods. It is possible to speak of highly vulnerable 
sub-populations living in favelas and near waterways, and relatively less
vulnerable upper classes living in high-rise apartments in locations less susceptible
to inundation. At the same time, climatic changes are predicted that will likely
increase the severity of intense rainfall events and raise sea level. Although the
economy of Rio de Janeiro is relatively robust, significant portions of gross
domestic product (GDP) will be required for relief and reconstruction if floods
of the magnitude of 1967 and 1988 are repeated. Unless more concerted efforts
are made to prepare for climate hazards, the city will remain vulnerable.

Shanghai

Shanghai (‘on the sea’ in Chinese) is one of the world’s largest seaports and a
major industrial and commercial centre of the People’s Republic of China. It is
located at 31°41’ latitude north and 121°29’ longitude east. Bordering Jiangsu
and Zhejiang provinces to the west, Shanghai is washed by the East China Sea to
the east and Hangzhou Bay to the south. North of the city, the Yangtze River (or
Changjiang) pours into the East China Sea. The municipality covers 6185km2,
which includes the city itself, surrounding suburbs and an agricultural hinterland.
It is also China’s most populous urban area, with a 2000 population of more than
16.5 million inhabitants in the municipality and almost 10 million in the city.

Physical environment
With the exception of a few hills in the south-west corner, most of the Shanghai
area is flat and is situated on the alluvial plain of the Yangtze River delta.
Shanghai’s elevation is only 3m to 5m above sea level and averages 4m. There are
no high mountains in the surrounding area and the Jiangshuai and Huabei plains
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extend northwards. Cold air masses from the north and moist warm air from the
south meet and mix above Shanghai, with no topographical hindrance.52

Geologically, the Shanghai area lies in the north-east section of the southern
Changjiang land mass. Since the beginning of the quaternary era, this area has
undergone tectonic subsidence and global marine transgressions and regressions.
With the exception of the west, where there are several scattered stripped kops
(igneous Mesozoic rocks), most of the area is covered by unconsolidated
sediments, including fluvial, lacustrine and littoral facies that range in thickness
from 100m to 150m in the west to 350m to 400m in the east.53

Being located at the mouth of the Yangtze River, the Shanghai region is very
much the product of riverine and marine processes. The evolution of the
landscape has been deeply influenced by local hydrodynamics, especially tidal
flows and runoff. The Yangtze is a major river, with a yearly discharge of 
9.24 × 1011m3, and carries an annual sediment load of 4.86 × 108 tonnes. These
sediments feed the delta’s continued seaward expansion. The basin drains a
humid region, with an average annual precipitation greater than 1000mm, rising
to 2000mm in certain localities.54

The Shanghai area experiences a sub-tropical monsoon climate. Frequent
summer and autumn typhoons bring not only rainstorms that greatly increase
surface runoff, but also cause storm surges in coastal areas. Both significantly modify
the geomorphic evolution of the coastal area, as illustrated by Typhoon Number 14
that occurred in 1981. This typhoon created high tidal flats while simultaneously
strongly scouring middle and low tidal flats along the local coast. Waves produced
by strong north-east river mouth winds can also cause significant coastal erosion,
which lowers the surface of the tidal flats and promotes shoreline recession.

Built environment
Shanghai utilizes the uniform system of classifying urban land use and codes
created by the Construction Ministry to structure different land uses. Typically,
the centres of large cities have high population densities. In the central districts
of Shanghai, residential land use occupies 30.1 per cent of the area. Good and
normal residential quarters (codes R2 and R3) account for 82.4 per cent of this
residential land, while high-quality residential quarters (code R1) and poor-
quality residential quarters (code R4) represent only 2.7 and 12.6 per cent,
respectively.

In the central urban area, there are 13.4m2 of residential land per person,
which equates to a housing density of 74,600 individuals per square kilometre.
The proportion of land devoted to industrial and warehouse use is 22 per cent.

The Huangpu River is Shanghai’s main source of water. There are over 30
waterworks in Shanghai, 11 of which are located in the urban district along the
Huangpu River. Five million tonnes of tap water are supplied to the urban district
every day. Each suburban county also has one or two waterworks. Water resources
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are used in three significant ways in Shanghai – namely, industry, agriculture and
public water use, in a ratio of 3:6:1. Even in a dry year, such as 1988,
consumption was only 12 billion cubic metres – that is, about 19 to 22 per cent
of the available water.

One of the serious water resource problems is the overexploitation of
groundwater resources in the surrounding agricultural lands, which has caused
significant subsidence.55 Since 1921, groundwater has been exploited on a large
scale. Because recharge is slow, the water table has fallen and soil moisture has
dropped, leading to compression. During the period of 1921 to 1965, mean
subsidence in the city of Shanghai was 1.76m and the highest recorded figure was
2.63m. This process of subsidence has encouraged greater intrusion of seawater
into Shanghai’s waterways, thus decreasing their quality. Since 1965, the level of
groundwater exploitation has been reduced and aquifer-recharging projects have
been carried out. As a result, subsidence was reduced to as little as a few
millimetres a year; however, since 1984, with the development of new industry
in suburban counties, the exploitation of groundwater has increased again with
no adequate control.

Socio-economic conditions
Endowments. Shanghai has 9.8 million residents in the city proper and an average
residential density of 74,600 individuals per square kilometre. Owing to stringent
application of the ‘one child’ family planning policy, in 1993 Shanghai was the
first area in China to report a negative natural growth rate (births minus deaths).
In 2000, the city registered a negative population growth rate of –1.9 per 1000,
based on a birth rate of 5.3 per 1000 and a mortality rate of 7.2 per 1000.
However, rapid rates of in-migration more than make up for declining fertility.

Perhaps the biggest single endowment is the city’s burgeoning economy,
coupled with its pre-eminent status as China’s financial capital. Thus, whatever
the threats that may exist in the way of subsidence and sea-level rise, the
government of China and the local authorities are likely to make whatever
investments are required in order to build coastal defences.

Direct coping. In August 1998, China experienced devastating floods when
the Yangtze River overflowed, causing more than 3000 deaths, affecting 223
million people, displacing 16 million people, flooding 25 million hectares of crop
land and causing US$36 billion worth of damage.56 Heavy rainfall in 1999 also
caused flooding, although less extensive. This put disaster management
institutions to the test.

Shanghai has a Municipal Civil Defence Office, which cooperates with the
public security and fire protection agencies. In addition, 284 streets and counties
have civil defence organizations, which, in turn, organize communities into
volunteer civil defence teams.57 According to ex-United Nations Secretary-
General Kofi Annan:

The Vulnerability of Global Cities to Climate Hazards 149

Chapter 06.qxd  4/30/2009  4:18 PM  Page 149



 

In China, where extensive disaster control policies have been
introduced over the years, the death toll from floods has fallen
dramatically. Flooding cost more than 3000 lives in China in 1998;
but similar floods in 1931 and 1954 cost 140,000 and 33,000,
respectively. Prevention strategies saved tens of thousands of lives.58

Among the prevention strategies employed are massive afforestation and
reforestation campaigns in the Yangtze River basin to reduce runoff and prevent
flooding and landslides, as well as dyke construction.

Although such responses have demonstrated a commitment by national,
provincial and municipal authorities to disaster mitigation and preparedness,
there are underlying structural impediments to disaster management that are very
similar to those found in Mumbai and Rio. These include fragmentation of
political authority at central government, provincial and municipal level, and lack
of coordination in the areas of environmental policy.59

Indirect coping. Shanghai’s population, at close to 17 million, is largely poor
and is composed of an increasing number of migrants from rural hinterlands.
Official statistics do not provide a clear picture of income and wealth distribution
or measures of social cohesion in Shanghai. However, broader trends in China
suggest that disparities are increasing in urban areas, that urban unemployment
is rising and that the hukou system of household registration is limiting access to
benefits.60 While inequalities may be rising and social cohesion may be low in
areas settled predominantly by migrants, official efforts have been made to
involve citizens in disaster response.

Since 1993, Shanghai’s natural population growth has reversed from positive
to negative, making it the first provincial region in China to experience this
phenomenon. Low birth rates could engender population ageing, and a growing
elderly population could imply vulnerability to heat stress. High immigration
means that the base of the population pyramid is continuously being replenished.
As of the 2000 census, 3.8 million migrants resided in the city.

Likely future climate hazards and overall vulnerability assessment
Temperature changes for Shanghai suggest that the city will be the most severely
affected of the three cities considered here, with average annual temperature
increases of between 2° and 2.5°C. This will have an impact upon
evapotranspiration and, consequently, upon the moisture balance. Temperature
changes will also likely lead to more severe extra-tropical storms and consequent
flooding. However, the greatest issue of immediate concern for Shanghai is flood
defences in response to subsidence, sea-level rise and the likelihood that future
extreme precipitation will cause flooding from the Yangtze.

Overall vulnerability. As in Mumbai and Rio, recent and severe flooding has
tested Shanghai. Perhaps given the magnitude of the city’s losses (3000 dead and
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16 million displaced in the Yangtze Basin, against 300 dead in Rio), the
government appears to be taking a genuine interest in long-term disaster
planning. The municipality has also engaged citizens in ‘volunteer’ civil defence
networks, which presumably means that citizens know what to do in the event of
disaster and are prepared to take action.

Nonetheless, several key bundles of stresses converge to create specific
vulnerabilities for Shanghai that emerge out of gaps in the city’s ability to resist
and cope with these stresses. First, sea-level rise along with increasing severity and
frequency of heavy rains and floods come together with Shanghai’s topography
(level and low lying), geology (unconsolidated), land subsidence due to
groundwater withdrawal, many wetlands and flood-prone areas, the inability of
many buildings to withstand shifting land and water damage due to their poor
condition, sanitation and waste disposal systems that are near capacity, and
relatively modest income levels. This mix is likely to produce significant
vulnerabilities for a large proportion of the city’s residents, the city’s built
infrastructure and the Shanghai region’s economy. Second, Shanghai’s population
is already large and continues to grow rapidly. When this massive trajectory
comes together with projected sea-level rise and increasing water use by the city,
this exacerbates land subsidence, probably puts greater numbers of people in
harm’s way from climate hazards and coastal erosion, and places people in greater
concentration within areas that are likely increasingly flood prone. This set of
circumstances may lead to a diminishing capacity for Shanghai to cope with such
stresses because of its burgeoning population on already vulnerable lands and a
greater draw-down of groundwater, causing densely populated lands to subside
while sea level continues to rise. This could lead to increases in direct mortality,
economic downturn and, potentially, large-scale disease outbreaks. On the other
hand, as noted above, Shanghai’s wealth means that the city has a high adaptive
capacity. Resources will likely be invested in technological solutions even if such
solutions fail to address root causes of vulnerability.

Conclusions

The foregoing sections provide a snapshot of vulnerabilities to climate-related
hazards in three global cities. Our aim here was not to assess definitively the
vulnerability of each of these cities but, instead, to apply a selection of data
identified by the vulnerability framework in order to better understand multiple
synergistic stresses and perturbations on one side of the equation, and multiple
interacting physical and social characteristics of the exposed human–environment
system on the other. Vulnerabilities that may have been hidden with simple
‘summations’ of stresses when compared with ‘summations’ of vulnerabilities
were, instead, highlighted with this process.61 A novelty of this chapter is that 
we apply a more traditional approach to vulnerability assessment – using
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scenario-based models to assess likely climate impacts, or a ‘top-down’ approach –
and couple this with more recent advances in vulnerability mapping through
‘bottom-up’ assessments.62 The result is something of a hybrid, which facilitates
an understanding of likely future climate impacts while assessing the resilience of
the current socio-ecological system in the face of bundles of stresses that are partly
related to climate impacts and partly related to fragilities in the system itself.

From a policy perspective, there are few easy prescriptions for reducing
vulnerability and better preparing for future climate hazards, at least in the case
of the low-income country cities we describe above. Among other things, this
may be attributed to the following factors:63

• Disasters are an unequally distributed public ‘bad’ that are more likely to
affect poorer, more vulnerable sub-populations with the least political
influence. Mitigation measures, by contrast, are a public ‘good’ that require
substantial investment and adequately functioning institutions.

• Low tax collection capacity and low incomes constrain the resources available
to government to make necessary infrastructural or institutional investments.
Government resources themselves may become highly contested through
political manoeuvring (as in the case of Brazil).

• The wealthy and more influential classes may simply choose to ‘exit’ from
political decision-making processes rather than voice their concern over the
lack of disaster preparedness. ‘Exit’ means that they opt out of public
resources and, instead, choose to invest in their own capability set (e.g.
purchasing a well-built home in a safe location, insurance policies, or private
education and healthcare).

• Adaptation measures are difficult to implement because they require long
time horizons, whereas politicians typically operate on short-term horizons.
Incentives need to be intelligently designed so that politicians, officials and
the private sector find it in their interests to build less risk-prone equitable
cities.64

• If vulnerability mitigation/prevention measures are expensive, there may exist
a ‘moral hazard’ on the part of state decision-makers, as they may assume that
the international relief community will come to their assistance in the event
of a significant natural disaster. Thus, to act means committing scarce public
resources to a medium- or even low-probability future event, whereas to ‘wait
and see’ if disaster strikes, and later claim that the disaster could not be
foreseen, shifts the financial burden onto international agencies.

The authors do not underestimate in any way the difficulties entailed in preparing
adequately for future climate change-related vulnerabilities. Given these political
and institutional issues, it is worth considering how communities themselves,
through micro-planning or other efforts at collective organization, might develop
plans and infrastructure necessary to reduce their vulnerability to natural disasters

152 Risk and Vulnerability for Cities

Chapter 06.qxd  4/30/2009  4:18 PM  Page 152



 

in contexts where governments either lack the resources or are unwilling to consider
investments in preparedness.65 Many efforts to improve local environments, such as
enhanced drainage and improved waste disposal, also reduce vulnerabilities to
disasters and their consequences (such as the spread of disease).
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7

Climate, Climate Change and Human
Health in Asian Cities

Sari Kovats and Rais Akhtar

Introduction

Climate change will affect the health of urban populations. Current attempts to
reduce carbon emissions are insufficient to avoid further climate warming, and so
the policy and research agendas are moving from mitigation (controlling
greenhouse gas emissions) to adaptation (responding to climate change), and
from global to local studies of impacts and responses.

Irrespective of global climate change, cities alter their local climate
particularly by reducing rainfall and increasing night-time temperatures.1 The
‘urban heat island’ effect is caused by day-time heat being retained by the fabric
of the buildings and by a reduction in cooling vegetation. In temperate latitudes,
this has the effect of raising night-time temperatures by 1° to 5°C. In tropical
cities, the mean monthly urban heat island intensities can reach 10°C by the end
of the night, especially during the dry season.2 Urban heat islands are measured
as the difference in temperature between inside the city and the surrounding
areas. The magnitude of the urban heat island is, in general, proportional to the
size of the city.3 Urban areas also cause considerable intensification of rain, hail
and thunderstorms. Due to these factors and to their location by rivers or in
coastal zones, cities are particularly prone to floods.

Cities are a significant source of greenhouse gas emissions and have an
important role to play in mitigation.4 In this chapter, however, we shall focus only
on the potential impacts of climate change upon the health of urban populations.
Currently, populations in cities have to deal with a range of environmental
hazards5 and global climate change is likely to exacerbate many of these problems.
We have reviewed the published literature for the health effects of climate and
weather (including extreme weather) in urban settlements in Asia. We then
discuss these environmental health hazards in the context of future social and
environmental changes and regional climate changes, in particular.

Adapting to climate change in cities in low- and middle-income countries is
now an additional concern for local governments6 and we will briefly discuss the
public health interventions that can reduce the current impacts upon health of
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weather and climate. Priority should be given to adaptation measures that provide
immediate improvements to the health of urban populations.

Climate change and health

The Fourth Assessment Report of the Intergovernmental Panel on Climate
Change (IPCC) was published in 2007. The report confirms that climate change
is already taking place7 and also assesses future changes in climate at the regional
scale. Very few city-level projections are available, as confidence in the output of
climate models decreases rapidly as one moves from regional to local-scale
projections.

With respect to urban populations and human health in Asia, the key results
of the IPCC report are:

• regional freshwater resources will be strongly affected by, and vulnerable to,
climate change;

• increased rainfall intensity, particularly during the summer monsoon, in
temperate and tropical Asia;

• increased risk of weather disasters, particularly flood events; and
• vulnerability of coastal cities due to climate change and sea-level rise.

The greatest concern about the impacts of climate change upon human health
regards changes in freshwater resources, food supplies and increases in extreme
weather events such as floods and droughts8 (see Table 7.1). The Indian National
Assessment of Vulnerability and Adaptation has addressed the potential impact of
climate change upon malaria9 and other reviews have described the impacts upon
the health of heat waves10 and flood events.11 However, there is a lack of good
scientific information on the assessment of the potential impacts of climate
change upon health in Asian populations.

The potential impacts of climate change upon natural disasters have been
described in papers in Environment and Urbanization,12 particularly the
vulnerability of Asian cities in coastal zones.13 Table 7.2 describes the range of
environmental risks to coastal megacities associated with sea-level rise.
Historically, cities in South-East Asia have been most affected by storm surges in
terms of numbers of deaths.14

Climate, water supplies and sanitation and health

Climate is a key determinant of water availability. Surface water availability
depends upon the timing and volume of precipitation. The current burden of
disease as a result of inadequate access to improved water and sanitation has long

160 Risk and Vulnerability for Cities

Chapter 07.qxd  4/30/2009  4:19 PM  Page 160



 

been recognized, particularly the very high rates of infant mortality in deprived
urban areas.15 There are clear social and economic reasons for the lack of access
to improved water at the household level. However, cities in both high- and low-
income countries have experienced failures in supply due to extreme drought
events. It is also known that access to water within cities is not equally distributed
and any reductions in supply are likely to have a greater impact on impoverished
populations.

Climate change may affect water supplies to populations in cities through a
range of mechanisms. Rivers that are sustained by glacier melt in the summer
season – for example, in the Hindu Kush–Himalaya region – are likely to
experience increased river flows in the short term as glaciers melt due to higher
temperatures. However, the contribution of glacier melt will gradually decrease
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Table 7.1 Summary of known effects of weather and climate on urban health

Health outcome Known effects of weather

Heat stress • Deaths in older people and people with 
chronic disease increase with high and low 
temperatures

• Heat-related illness and death due to 
heat waves 

Air pollution-related • Weather affects air pollutant concentrations
mortality and morbidity • Weather affects distribution, seasonality and

production of aeroallergens
Health impacts of • Floods, landslides and windstorms cause
weather disasters direct effects (deaths and injuries) and 

indirect effects (infectious disease, loss of 
food supplies, long-term psychological 
morbidity) 

Mosquito-borne diseases, • Higher temperatures reduce the development
tick-borne diseases time of pathogens in vectors and increase
(e.g. malaria, dengue) potential transmission to humans 

• Vector species require specific climatic 
conditions (temperature, humidity) to be 
sufficiently abundant to maintain transmission 

Water-/food-borne • Survival of important bacterial pathogens is
diseases related to temperature

• Extreme rainfall can affect the transport of 
disease organisms into the water supply; 
outbreaks of water-borne disease have been 
associated with contamination caused by 
heavy rainfall and flooding associated with 
inadequate sanitation

• Increases in drought conditions may affect 
water availability and water quality (chemical 
and microbiological load) due to extreme low 
flows
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Table 7.2 Major weather-related hazards and the occurrence of subsidence in coastal megacities during the 20th century

City Erosion Storm and wind damage Flooding Salinization Major subsidence

Hurricane Extra- River Surge
landfall* tropical 

storms

Tokyo Y Y(3) – Y Y ? Y
Bombay Y Y(<1) – – Y ? –?
Lagos Y – – – Y ? ?
Dhaka – Y(<1) – Y – Y Y?
Karachi Y Y(<0.1) – – Y ? –?
New York Y Y(<1) Y – Y ? –
Jakarta Y – – Y – ? Y
Calcutta – Y(<1) – Y – Y Y?
Metro Manila Y Y(>3) – – Y ? Y
Shanghai – Y(1) – Y Y Y Y
Los Angeles Y – Y – Y – Y**
Buenos Aires Y – Y Y Y ? –?
Cairo – – Y Y – – –?
Istanbul Y – Y – Y ? –
Rio de Janeiro Y – – – Y – –
Osaka Y Y(3) – Y Y ? Y
Tianjin – Y(<0.1) Y Y Y Y Y
Bangkok Y Y(<1) – Y Y ? Y
Seoul – Y(1–3) Y Y – – –?
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Lima Y – – ? Y – –
Madras Y Y(<1) – – Y ? ?

Notes : Y = yes; – = no; ? = uncertain.
* The relative frequency of hurricane landfall is indicated by the annual occurrence of tropical storms and cyclones (Beaufort force 8 and above).
** Due to oil and gas extraction rather than groundwater withdrawal.

Source : Klein, R. J. T., Nicholls, R. J. and Thomalla, F. (2003) 'The resilience of coastal megacities to weather-related hazards’, in Kreimer, A., Arnold, M. and
Carlin, A. (ed) Building Safer Cities: The Future of Disaster Risk, World Bank, Washington, DC, pp101–120; also Nicholls, R. J. (1995) ‘Coastal megacities
and climate change’, Geojournal, vol 37, no 3, pp1–11.
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over the next few decades. Current trends in glacial melt suggest that the Ganga,
Indus, Brahmaputra and other rivers in the northern Indian plain could become
seasonal rivers in the near future.16 Thus, cities that rely on glacial melt water will
eventually lose this source and will have to seek alternatives, such as reservoirs or
deep groundwater wells. Demand for groundwater may increase in other areas
where the availability of surface water decreases.

For cities that rely on coastal aquifers, sea-level rise and any decrease in
groundwater recharge levels will exacerbate saltwater intrusion (see Table 7.2).
Inland aquifers are also at risk of saltwater intrusion from neighbouring aquifers,
as groundwater recharge decreases. Shallow aquifers in arid and semi-arid regions
are at risk of salinization as a result of increased evapotranspiration.

Climate impact assessments are often conducted at the river catchment level
and converted to water availability per capita or withdrawal to resource ratio.
Such indicators are useful to some extent, but provide no information on the level
of access to water, the quality of water or any differences between rural or urban
areas. Climate change is likely to cause a decline in environmental water resource
availability in certain cities where water resource management is poor or non-
existent. This will have a negative impact upon water availability at the household
level, particularly in the households of the urban poor.

The impact of climate change upon water availability is likely to be one of
the most significant for the health of populations.17 However, due to the
complexity of the factors that determine access to clean water (social, political
and environmental), the impacts upon health are not well addressed in the
literature on climate impacts. A substantial amount of endemic diarrhoeal disease
is transmitted via the faecal-oral route. Although disease rates can be reduced very
cost effectively by improvements in hygiene behaviour, such improvements
require access to sufficient quantities of water. Esrey et al18 cite a number of
studies where improvements in water quality failed to deliver a significant
reduction in diarrhoeal disease in places where water availability was limited.

Heavy rainfall and flooding is also an important issue for environmental health
in urban areas19 as surface water is quickly contaminated during heavy rainfall events.
In July 2005, severe flooding occurred in Mumbai, India. The city received 944mm
of rainfall in a 24-hour period, compared to an average of 21.7cm of rainfall per year.
The consequent flooding affected many households, including those in the more
affluent parts of the city. Most metropolitan cities in India, including Mumbai, have
poor urban drainage systems, which are easily blocked even during short spells of
rain. The flooding in Mumbai was exacerbated by blocked canals and drains.

Urban poor populations often experience increased rates of infectious disease
after flood events. Increases in cholera,20 cryptosporidiosis and typhoid fever have
been reported in low- and middle-income countries.21 Flood-related increases in
diarrhoeal disease have been reported in India22 and Dhaka, Bangladesh.23

There are relatively few studies that have investigated the effects of rainfall on
morbidity, particularly diarrhoeal disease. A recent study using hospital visit data
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in Dhaka found that rates of disease increased during both high and low rainfall
extremes.24 The number of non-cholera diarrhoeal cases increased by
approximately 5 per cent for every 10mm increase in rainfall above a threshold of
52mm (averaged over eight weeks). In addition, the number of cases increased by
around 4 per cent for every 10mm below the same threshold. Diarrhoeal disease
morbidity was also shown to increase at higher temperatures, particularly in the
more deprived populations.

After the floods of 2000 and 2001 in Mumbai, outbreaks of leptospirosis
were reported in children living in informal settlements25 and the prevalence of
leptospirosis increased eightfold following the major flood event in July 2005.26

Two hospital-based observational studies found that the risk of disease was
associated with children either playing in the floodwater or wading through it
while going to school and, in some cases, with floodwater inside the house.27

However, these studies, like many other observational studies of flood impacts,
did not use a control group, making it difficult to establish the level of baseline
or pre-flood morbidity for comparison.28

Flooding may also lead to the contamination of waters with chemicals, heavy
metals or other hazardous substances, either from storage or from chemicals
already in the environment (e.g. pesticides).29 There is little published evidence
demonstrating a causal effect of chemical contamination on the pattern of
morbidity and mortality following flooding events because it is difficult to assess
individual exposures.30 Increases in population densities and industrial
development in areas subject to natural disasters increases the potential for mass
human exposure to hazardous materials released during disasters. The
contamination of floodwaters (and the longer-term contamination of soil) is a
particular problem for populations situated near factories and industrial areas.

Inadequate drainage resulting in stagnant water is also a cause of mosquito-
borne diseases such as malaria in urban areas. The effects of climate on such
disease transmission is well understood from laboratory studies – as temperatures
increase, the extrinsic incubation period (i.e. the time the parasites need to
mature) decreases; this has been shown to be the case for dengue31 and malaria.32

However, rainfall effects that drive the abundance of mosquitoes depend upon
the vector’s local ecology. For urban vectors of dengue, such as Aedes, the effects
of rainfall patterns are more complex.33 Climate warming may increase the risk of
outbreaks of dengue in urban areas where temperature is currently a limiting
factor in disease transmission.

High temperatures and heat wave events

Heat is an environmental and occupational hazard. The risk of heat-related
mortality increases with natural ageing; but people with particular social and/or
physical vulnerability are also at risk.34 There are important differences in
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vulnerability between populations, depending upon climate, culture,
infrastructure (housing) and other factors. Episodes of extreme temperature can
have significant impacts upon health and present a challenge for public health
and local government services.

Human populations are ‘acclimatized’ to their local climate in physiological,
behavioural and cultural terms; but there are clear limits to the amount of heat
exposure that an individual can tolerate. The capacity of populations to adapt to
varied climates and environments is considerable; but people do not live
comfortably in temperatures outside the range of 17° to 31°C. The tolerance
range of an individual is usually much less than this and will narrow with age or
disability.

Global climate change is likely to be accompanied by an increase in the
frequency and intensity of heat waves and by warmer summers and milder
winters. Even small increases in average temperature can result in big shifts in the
frequency of extremes. The impact of extreme summer heat upon human health
may be exacerbated by increases in humidity.35 In 2002, a heat wave was reported
to have killed 622 people in the southern Indian state of Andhra Pradesh.
Information from news reports indicated that daily wage earners such as labourers
and rickshaw pullers were at risk as they have no option but to work outdoors
under any conditions. National and state governments issued advice during heat
waves, such as to stay indoors and drink water.

High temperatures are also an important occupational health hazard. In
order to cope with heat, an instinctive adaptive action by a worker is to reduce
work intensity or increase the frequency of short breaks. Therefore, one direct
effect of a higher number of very hot days is likely to be a ‘slowing down’ in work
and other daily activities.36 This may result in ‘self-pacing’ and a reduction in
productivity or it will incur risks to the health of workers unless proper
occupational health management is implemented.37

In general, urban populations experience the highest heat load in cities in the
dry tropics.38 It is not clear how climate change will interact with local climate
modifications due to the built environment;39 but, clearly, the two causes of
increased temperature will increase the heat load for urban populations and will
also increase the risks to health. A central question in estimating future heat-
related mortality is the rate at which populations will adapt to a warmer climate.
Populations are likely to acclimatize to warmer climates through a range of
behavioural, physiological and technological adaptations. The initial
physiological acclimatization to hot environments can take place in a few days;
but complete acclimatization may take several years. The rate at which changes in
infrastructure will take place is likely to be much slower, however, for cities in the
tropics.

In tropical regions, very high heat load exposure in urban areas will become
more frequent. People living in informal structures may be more exposed to high
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temperatures. In Europe, the prevention of deaths in the community as a result
of extreme high temperatures (heat waves) is now an issue of public health
concern. It is likely that methods for addressing heat wave impacts upon health
will be developed in Asian cities and some pilot projects have already been
established in China.40

Global climate change may also exacerbate outdoor air pollution in Asian
cities. Urban environmental problems such as outdoor air pollution have, in
general, been decreasing steadily in developed countries because of active control
measures. In low-income countries, increasing traffic and exhaust, as well as
industrial emissions, are raising concentrations of sulphur dioxide (SO2),
nitrogen oxides (NOx) and methane (O3) and suspended particulate matter,
which are known to be damaging to human health.41 Delhi has high levels of
urban pollution as a result of rapid industrialization and large numbers of small-
scale industries in residential areas. Studies in Europe have shown that climate
change may increase the number of days with high levels of tropospheric ozone
(a secondary air pollutant).42

Longer-term changes and the future health of
populations in cities

During recent decades, there have been improvements in the health of
populations in cities; but these improvements are not equally distributed and
high health burdens persist in the urban poor, particularly those living in
informal settlements and slums.43 The traditional approach to climate risk
assessment – the top-down scenario-based approach – is undertaken at the
regional or national level. Very few city assessments have been undertaken.
Larger-scale studies rely on national projections of economic growth and do not
address important inequalities within countries (or cities) and therefore do not
focus on the impacts upon the most vulnerable populations.44

One approach, in the near term, is to assume that current trends in
household income and health status will continue. For slum populations, this
would mean a decline in health status and an increase in vulnerability to climate
change. In the longer term (projections to the 2050s), one might assume some
improvements in health and an improved capacity to adapt to climate change. An
assessment of future health impacts should be undertaken using both optimistic
and pessimistic assumptions about future health status. It is also important to
consider that there are likely to be limits to the amount of climate change that
can be managed (or adapted to). In particular, limits to water availability as a
result of overexploitation and environmental degradation are likely to cause
significant negative impacts upon health.
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Responding to climate change: Adaptation and 
health at the city level

Urban populations, particularly poor urban populations, are currently not well
adapted to climate and weather events. There is a particularly large burden of
disease in urban poor populations due to temperature and rainfall extremes, and
reducing this burden should be the priority for city governments.

A prerequisite for the prevention of adverse health effects from extreme
events is public knowledge about the nature of the risk. Although public
awareness increases following a natural disaster, it is often short lived. There is a
clear need to develop and evaluate effective public health interventions for
extreme weather events, such as heat health-warning systems to reduce the impact
of heat waves. However, the implication of the French heat wave of 2003 was that
not only were public health officers unprepared, but the entire infrastructure was
also unprepared for such extreme temperatures. It will take many decades to
adapt housing in order to maintain comfortable indoor temperatures in the face
of prolonged extreme outdoor temperatures, especially in ways that will not
increase energy consumption.

Many low-income countries have now begun to assess their needs for
adaptation under the National Adaptation Programme of Action (NAPA) process
of the United Nations Framework Convention on Climate Change (UNFCCC).
The focus of the NAPAs has been on impacts in agriculture, forestry and water
resources management. More recently, health effects are being addressed within
the NAPAs – for example, in those of Bangladesh and Bhutan. The methods and
tools for assessing the future risks to health from climate change are still being
developed.45 City-specific vulnerability assessments have also been undertaken in
Dhaka46 and in Cochin, India.47

There will always be uncertainties about the magnitude of adverse impacts of
climate change, particularly relating to future changes in rainfall. We are
confident, however, that the burden of ill-effects will most probably fall
predominantly on those populations who have contributed little to greenhouse
gas emissions.

More assessments of the impacts of climate change on health at the city level
are needed in order to inform decision-making. We support the recent
recommendations from the World Bank:48

• reliable and comprehensive assessments of risk vulnerabilities for exposed
cities and the dissemination of such information;

• establishment of early warning systems and evacuation plans, including
emergency preparedness and neighbourhood response systems;

• improved efficiency of the water supply management by minimizing
leakages;
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• improved health, educational and institutional capacity in urban
environment management; and

• regularized property rights for informal settlements and other measures to
allow low-income groups to buy, rent or build good-quality housing on safe
sites.

Conclusions

Climate change represents a range of environmental hazards and will affect
populations where the current burden of climate-sensitive disease is high – such
as the urban poor in low- and middle-income countries. It is not the rapid
development, size and density of cities that are the main determinants of
vulnerability, but, rather, the increased populations in flood plains, coastal hazard
risk zones and unstable hillsides vulnerable to landslides.49 The scientific
evidence, although limited for low-income populations, indicates that current
weather extremes have significant impacts upon human health, particularly the
impacts of heat waves, floods and heavy rainfall events. The methods for assessing
the risks of climate change are undergoing development and there is a need to
shift the focus from global and regional to local studies. Sectoral approaches to
climate change impact assessments often ignore the effects on health. There is a
need to better describe the risks to health as well as to improve the effectiveness
of public health interventions. Improving the resilience of cities to climate change
also requires improvements in the urban infrastructure, and such improvements
may not be achieved quickly enough to avoid an increased burden of disease due
to global climate change.
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8

Climate Change and Urban Children:
Impacts and Implications for Adaptation in

Low- and Middle-Income Countries

Sheridan Bartlett

Introduction

There are many vulnerable populations in the context of climate change – the
impacts are not spread equally in terms of location, economic status, gender or
age. This chapter discusses the particular and often disproportionate risks to
urban children in poverty from various aspects of climate change. It also explores
the implications for adaptation, focusing on preparatory measures as well as
responses to extreme events and to changes in weather patterns.1

Over the last 25 years, extreme weather events, including heavy rainfall, heat
waves, droughts, floods, cyclones and hurricanes, have contributed to injury,
illness, impoverishment, displacement, hunger and death for hundreds of
millions of people, often with particular implications for children. Climate
change is likely to have been a factor in many of these; but even if it was not, it
is proof of the vulnerability of populations to events whose frequency and
intensity is likely to increase in most places as a result of climate change. Climate
change is also bringing higher temperatures, sea-level rise for all coastal cities and
reductions in freshwater availability in many locations.2 Even if an effective
international agreement is reached soon on reducing greenhouse gas emissions
sufficiently to slow and then stop global warming, much of the world’s
population will still face these changes over the next few decades because of the
time-lag in the world’s climate system. Attention to adaptation is needed as
urgently as attention to mitigation.

Why children? Children, especially young children, are in a stage of rapid
development and are less well equipped on many fronts to deal with deprivation
and stress.3 Their more rapid metabolisms, immature organs and nervous
systems, developing cognition, limited experience and behavioural characteristics
are all at issue here. In addition, their exposure to various risks is more likely to
have long-term repercussions than with adults. Adaptations to climate change
will be less than adequate in responding to the challenges if they fail to take into
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account both the particular vulnerabilities of children and the protective factors
that can best support their resilience.

Almost all the disproportionate implications for children are intensified by
poverty and the difficult choices low-income households make as they adapt to
more challenging conditions. Events that might have little or no effect on
children in high-income countries and communities can have critical
implications for children in poverty. The likelihood of poor outcomes increases
cumulatively with the number of risks that they face, whether physiological or
psychological.4 Children on the edge, like families on the edge, have fewer assets
to draw on in every sense of the word and are more likely to be adversely affected
by the various challenges imposed by climate change. In poor urban areas, these
links can be especially striking.

Why urban children? Urban children are generally better off than their rural
counterparts; but this is not true for the hundreds of millions living in urban
poverty. Without adequate planning and good governance, poor urban areas can be
among the world’s most life-threatening environments.5 In some informal
settlements, one quarter of all children still die before the age of five.6 Nor does the
‘urban advantage’ come into play in terms of education and life opportunities – the
failure to complete, or even start, primary education is especially high among the
urban poor, and prospects of upward mobility can be dim.7 In many urban areas,
the risks that children face are bound to be intensified by climate change. 
Most of the people and enterprises at most serious risk from extreme weather
events and rising sea levels are located in urban slums in low-income countries,
which are often in the most hazardous areas – floodplains or other areas at risk of
floods, places at risk from landslides, sites close to industrial wastes, and areas
unserved by the kind of infrastructure that can be strengthened and adapted to
withstand more extreme conditions.8 Although the urban poor are at highest risk
of loss and harm, they are the least able to afford preventive measures and the
least likely to have their needs for risk reduction taken seriously by local
governments.

Children as resilient, active agents. Despite children’s disproportionate
vulnerability on many fronts, it is an oversimplification to think of them only as
victims in the face of climate change. With adequate support and protection,
children can also be extraordinarily resilient in the face of stresses and shocks.
There is ample documentation, moreover, of the benefits of having older children
active, informed and involved in responding to the challenges in their lives, not
only for their own learning and development, but also for the energy,
resourcefulness and knowledge that they can bring to local issues.9

An adaptation agenda with children in mind. It is increasingly recognized that
effective adaptation to climate change in urban areas must address the
development needs of the urban poor.10 An adaptation agenda developed with
children in mind broadens the terms of this discussion. Where infrastructure and
basic services are concerned, for instance, it means taking account of the ways in
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which these affect children and those who care for them. For example, upgrading
a road so that it is not washed away by flooding means considering the increased
and more rapid traffic that will be generated and the effects for children playing
or walking to school.

The issues go well beyond infrastructure, however. The lack of attention to
children reflects a generally lower level of attention to the human implications of
climate change – compared to the environmental and economic implications.
Theory and practice regarding children have long stressed the importance of an
integrated approach to development and well-being,11 and this could well be
more broadly applied. Adaptation, in these terms, means considering how to
strengthen and support children’s capacity to cope with the full range of risks and
adversity associated with climate change, as well as that of the families and
communities upon which they depend.

Understanding the impacts upon children of climate
change

There is not enough knowledge on the implications of climate change for
children to present a comprehensive picture. Even where there are projections for
more general impacts, figures are seldom disaggregated by population group or
age. However, it is possible to extrapolate from existing knowledge in related
areas. Work on environmental health in urban areas, on disaster responses and
household coping strategies, on the range of effects of urban poverty on children,
the resilience of children and the beneficial effects of their participation in various
efforts all contribute to a picture of the implications of disasters and responses to
disasters, as well as more gradual change and the adaptations likely to be made to
them. Table 8.1 provides an overview of likely changes in climate and their
probable impacts upon natural and human systems.

Health and survival

The disproportionate health burden for children of challenging environmental
conditions is well documented. According to the most conservative estimates,
children under 14 are 44 per cent more likely to die because of environmental
factors than the population at large. The same gap exists for morbidity and it
increases greatly when the potential loss of healthy life years is considered.12 The
greater burden, especially for the youngest children, then, is not a minor matter
of degree, and it is likely to be exacerbated in many places by climate change.

Mortality related to extreme weather events. Small children, along with women
and the elderly, are most likely to be victims of such extreme events as flooding,
high winds and landslides. A study of flood-related mortality in Nepal, 
for instance, found the death rate for children to be double that of adults, with
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Table 8.1 Some likely impacts of climate change upon natural and human systems

Change Impact upon natural Impact upon urban areas Impact upon health and Implications for children
systems, agriculture household coping
and water

Warm spells and Reduced crop yields Heat islands with higher Increased risk of heat-related Greatest vulnerability to heat
heat waves: in warmer regions; temperatures (up to 10° mortality and morbidity; more stress for young children; high
frequency up in increased risk of higher); often large vector-borne diseases; impact vulnerability to respiratory
most land areas wildfire; wider range concentrations of vulnerable upon those doing strenuous diseases and vector-borne

for disease vectors people; air pollution worsens labour; increase in respiratory diseases;  highest vulnerability
diseases where air pollution to malnutrition, with long-term
worsens; food shortages implications

Heavy precipitation Damage to crops; soil Increased risk of floods and Deaths and injuries; increase Higher risk of death and injury
events: frequency erosion; waterlogging; landslides; disruption to in food-borne, water-borne than for adults; more
up over most areas water quality problems livelihoods and city and water-washed diseases; vulnerable to water-borne and

economies; damage to more malaria from standing water-washed diseases and to
Intense tropical Damage to crops, homes, possessions and water; decreased mobility, malaria; risk of acute
cyclone activity trees and coral reefs; businesses, and to transport with implications for livelihoods; malnutrition; reduced options
increases disruption to water and infrastructure; loss of dislocations; food shortages; for play and social interaction;

supplies. income and assets; often risks to mental health, likelihood of being removed
large displacements of especially associated with from school/put to work, as
population, with risks to displacement income is lost; higher risk of
social networks and assets neglect, abuse and

maltreatment associated with
household stress and/or
displacement; long-term risks
for development and future
prospects
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Increased area Land degradation; Water shortages; distress Increased food and water Young children at highest
affected by lower crop yields; migration to urban centres; shortages; increased health risk from inadequate
drought livestock deaths; hydroelectric constraints; malnutrition and food and water supplies; at highest risk

increased risk of lower rural demand for water-borne diseases; of malnutrition, with long-term
wildfire and water goods/services; higher increased risk of mental implications for overall
stress food prices health problems; respiratory development; risk of early

problems from wildfires entry into work exploitation
Increased Salinization of Loss of property and Coastal flooding; increased Highest rates of death for
incidence of water sources enterprises; damage to risk of death and injury; children; highest health risks
extreme high tourism; damage to loss of livelihoods; health from salinization of water
sea level buildings from rising problems from salinated supplies; long-term

water table water developmental implications

Source : Author and David Satterthwaite
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pre-school girls five times more likely to die than adult men. Poor households
were at six times higher risk than their better-off neighbours.13 The distribution
of deaths related to the 2004 Indian Ocean tsunami followed a similar pattern,
as shown in Figure 8.1.14

In slower onset disasters such as droughts and famines, mortality rates are
also more extreme for young children. A situation such as this is commonly
defined as an emergency when crude mortality is 1 per 10,000 per day, and
under-five mortality is double that.15 This much higher rate for young children
is not a departure from the norm in low-income countries;16 but it still
highlights a dismal reality – that higher mortality rates for young children,
unthinkable in high-income countries, should be so routinely accepted as a
baseline indicator of normality. Overall death rates for young children continue
to drop in most parts of the world due to improved healthcare, immunization
rates and environmental conditions. But for many of the children most at risk
from the biggest killers – diarrhoeal and respiratory diseases, malaria and
malnutrition – the situation is likely to worsen with some of the effects of
climate change.

Water and sanitation-related illnesses. Inadequate access to clean water and
proper sanitation increases the risk of a range of health problems. Globally,
children under five are the victims of 80 per cent of sanitation-related illnesses
and diarrhoeal disease, primarily17 because of their less-developed immunity and
because their play behaviour can bring them into contact with pathogens.

180 Risk and Vulnerability for Cities

Figure 8.1 Age and gender distribution of tsunami-related deaths in Sri Lanka

Source : Nishikiori, N., Abe, T., Costa, D. G. M., Dharmaratne, S. D., Kunii, O. and Moji, K.
(2006), ‘Who died as a result of the tsunami? Risk factors of mortality among internally displaced
persons in Sri Lanka: A retrospective cohort analysis’, BMC Public Health, no 6, p7
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Diarrhoeal disease also results in higher levels of malnutrition and increased
vulnerability to other illnesses, with effects on overall development.18

Various conditions associated with climate change are likely to result in
increased risks for young children. After extreme events, diarrhoeal illnesses
related to breakdowns in piped water supplies and sanitation can take more lives
than the initial disaster.19 The risks in underserved urban settlements also increase
with ‘minor’ events. During heavy or prolonged rains, blocked drains and flooded
latrines can make contamination difficult to avoid, increasing the incidence of
diarrhoeal illness in children.20 Where the incidence and duration of rainstorms
increases because of climate change, these conditions will become more prevalent.

Contamination of water supplies is also a risk during droughts. For small
children’s health, water quantity is generally considered even more important
than its quality.21 Unwashed hands, food, utensils, floors and cooking surfaces all
contribute to higher levels of endemic illness. When water must be fetched from
a distance, or when supplies are low or erratic, households make do with less than
is necessary to meet children’s routine health needs.22 When they store water, the
potential for contamination goes up. In a poor neighbourhood in Abidjan, Côte
d’Ivoire, for instance, E. coli was found in only 1 per cent of water samples taken
at the community source, but in 41 per cent of samples that had been stored at
home.23 The IPCC projects that climate change will increase the burden 
of diarrhoeal disease in low-income countries by approximately 2 to 5 per cent 
by 2020.24

Malnutrition. Malnutrition is related to food shortages resulting from
reduced rainfall and other changes that affect agriculture, as well as to
interruptions in food supplies in sudden acute events. Children in Africa born in
drought years, for example, are significantly more likely to be malnourished or
stunted (in Kenya, 50 per cent more likely to be malnourished, and in Niger, 72
per cent more likely to be stunted).25

But malnutrition is also closely tied to unsanitary conditions and to children’s
general state of health. Frequent bouts of diarrhoea and infestations of worms, for
instance, mean impaired absorption and a loss of nutrients. When children are
malnourished, their vulnerability to infection is greatly increased and a vicious
cycle results.26 A chronically malnourished three- or four-year-old may be at a
permanent disadvantage, becoming both physically and mentally stunted.27

Nutritional risk as a result of disasters tends to be low if children were
previously well nourished28 and if the acute malnutrition associated with the
event does not go on for too long. After Bangladesh’s 1998 floods, when families
were unable to compensate over time for the shortage of food and the
deterioration in health conditions, flood-exposed children failed to experience the
‘catch-up’ growth common after a shock, remaining shorter than unexposed
children from the same neighbourhoods.29 Similarly significant impacts upon
children’s growth were found in Zimbabwe following a drought, in this case over
a much longer term. Children in the critical 12- to 24-month-old age group
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during the drought in the early 1980s were found 13 to 16 years later to have had
an average loss in stature of 2.3 inches. Their potential loss in lifetime earnings
was calculated to be 14 per cent.30 Malnutrition appears to be a greater risk
among children of displaced families.31 This may be related to the poor levels of
sanitation in many temporary shelters as well as to the effects of displacement on
household coping strategies. Infants are at particular risk. Stresses related to a
crisis may affect mothers’ breast milk production; at the same time, breast milk
substitutes present a serious health risk in unsanitary environments.32

Vector-borne and infectious diseases. Increased temperatures and changes in
precipitation are increasing the incidence and range of various vector-borne
diseases and, with it, the level of exposure, with particular implications for
children.33

The most serious threat is malaria. Fifty per cent of the world’s population is
now considered to be at risk, a 10 per cent increase in the last decade.34 More than
90 per cent of the burden is in Africa, where 65 per cent of mortality is among
children under five.35 These numbers alone fail to capture the full implications
for children. Malaria results in chronic anaemia, increases the severity of other
diseases and more than doubles the mortality rates for children under five.36 It
contributes to impaired development in some children because of the insult to
the brain during acute episodes; but this is also mediated by the effects of
anaemia, repeated illness and under-nutrition related to the disease.37

Treatment measures are seldom adequate. A survey in Kampala, Uganda,
found that children in 36 per cent of surveyed households had experienced fever
in the previous two weeks, but less than 1 per cent received the recommended
medical treatment despite the proximity of clinics and hospital. Only 11 per cent
of households (the wealthiest) used treated nets.38 Even this is high for Africa,
where a multi-country survey found that treated nets were used by only 2 per cent
of households with children under five.39

Respiratory illnesses. Respiratory illnesses cause 20 per cent of under-five
deaths worldwide. A number of factors are involved, not all affected by climate
change. However, changes in mean temperature and precipitation can increase
the number of forest and bush fires, which affect air quality for thousands of
kilometres, generally increasing the number of people experiencing respiratory
difficulties.40 Changing pollen counts, fungal growth and moulds related to
flooding, and increases in ozone and other pollutants also increase the rates of
pneumonia, upper respiratory disease and asthma. Asthma has doubled
worldwide over the last 15 years, with the greatest increases among children,41

and asthma deaths are expected to increase by 20 per cent by 2016.42 Factors
affecting the prevalence or severity of respiratory ailments are far from clear,
however – the variables are too numerous.43 Nor are children always those most
affected.44

Heat stress. Those most at risk from increasingly frequent and intense heat
waves are the elderly and the very young, who sweat less and have more surface
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area relative to body mass.45 Research in São Paulo found a 2.6 per cent increase
in mortality rates in children under 15 for every degree increase above 20°C –
similar to the increase for those over the age of 65 (2.5 per cent).46 For younger
children, this increase is likely to be higher. The impact is most serious in cities,
where the urban ‘heat island’ effect can mean differences of as much as 10°C
between the city and surrounding areas.47 Temperatures vary between
neighbourhoods, with poorer groups more likely to live where temperatures are
higher due to higher densities and less vegetation and open space.48

Injury. Children are particularly susceptible to injury – curious and driven to
explore, yet lacking the capacity to understand and respond well to danger. Falls
and burns, along with drowning, disproportionately affect children under five.49

Children also experience more serious long-term effects from burns, fractures,
head injuries and poisoning because of their size and physiological immaturity.50

Injury rates are related to challenging conditions, overcrowding, complexity in
the environment and higher levels of preoccupation on the part of adults51 – all
factors commonly experienced in the post-disaster context as well as in the
context of gradually worsening conditions.

The quality of care. As changes in extremes and means create conditions that
are more challenging to health, this also affects the burdens faced by caregivers.
These problems are seldom faced one at a time. When inadequate water supplies
are compounded by a lack of sanitation, overcrowded living quarters and an
absence of safe play space, the difficulties can become overwhelming.
Overstretched and exhausted caregivers are more likely to leave children
unsupervised and to cut corners in all the chores that are necessary for healthy
living, with potentially serious implications for children’s health.

Learning and competence

For some children in some places, the challenges related to climate change could
contribute to an erosion of both their mental capacity and their opportunities for
learning and growth. The early years are the most critical time for brain
development, which can be shaped by a range of environmental factors.52 Good
health is central, as sick or malnourished children lack the energy to be active
learners.53 Abundant research relates lower cognitive capacity and performance to
undernutrition;54 and behaviour and social relationships may also be affected.55

The lack of specific nutrients such as iodine, iron or zinc, related to accessibility
of certain foods, also hampers development.56 Children’s mental growth can also
be affected by intestinal parasites, diarrhoeal disease and malaria,57 all factors, as
noted, that can be expected to increase with climate change. Maternal health,
nutrition and stress levels during pregnancy are also related to children’s lower
cognitive performance and language ability later on.58

Children’s learning also depends upon supportive social and physical
environments. Their development of new skills and capacities takes place within
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a social and cultural context that is structured to help them acquire the
experiences and competencies that they need to live their lives.59 When young
children lack easy access to social interaction and to safe, varied, stimulating
surroundings for play, this can affect their development as capable problem-
solvers and social beings.60 Not all stimulation is positive for learning, however.
High levels of noise and crowding and a lack of physical and temporal structure
in daily life have been found consistently to have negative impacts upon children’s
development, distracting their attention and affecting the quality of their
interactions with adults.61 This is an accurate description of many post-disaster
settings, where children may live for months on end in overcrowded emergency
camps. Challenging events on a much smaller scale can also disrupt life
repeatedly, diminishing the positive supports available to children and putting a
damper on play and exploration.

For older children and also adolescents, opportunities for purposeful goal-
directed activities and engagement in the world are primary avenues for the
achievement of competence.62 In the course of displacement, or in the disruption
of routines and local environments that can accompany even ‘minor’ disasters, these
opportunities, however minimal they may be, and whether formal or informal, can
become seriously constrained. Schooling is an issue. After extreme weather events,
schools may be destroyed, damaged, shut down or taken over as emergency shelters
for weeks or even months.63 Even when schools stay open, children may be pulled
out because of displacement or because their disaster-affected families lack the
resources for them to attend. Conditions for displaced children may also make it
difficult to do homework, increasing the likelihood of their dropping out.64

The capacity to cope with adversity

The shock and distress of extreme events, as well as the deprivations and
humiliations of displacement or slow recovery, can be profoundly debilitating.
Children’s psychological vulnerability and resilience in the face of hardship
depend not only upon their health and internal strengths, but also upon
household dynamics and levels of social support.65 Age is just one of many factors
mediating the experience of adversity: some children may actually be more
resilient than their elders;66 but their lack of social power within family and
community can also leave them especially vulnerable to hardship. Children who
have experienced success and approval in their lives are more likely to adapt well.
Poverty and social status can play an important role in this regard. For older
children, the effects of events on their social world and peer relationships are
highly significant.67 But without question, there can be numerous assaults on
children’s resilience after extreme events.

Especially in low-income countries, children may end up orphaned or
separated from family. Extended family or other community members can provide
a secure alternative; but too often even these bonds are frayed to breaking point and
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extra children can become a target for mistreatment.68 Even where families remain
intact, however, picking up the pieces can be extremely challenging. Basic
requirements may be hard to come by, livelihoods may have disappeared, relief may
be inequitably distributed, and community life and social supports may have
collapsed. The disruption of play, school, daily chores, livelihoods and other
familiar activities can leave children and adults more vulnerable to distress.
Increased levels of irritability, withdrawal and family conflict are not unusual after
disasters.69 High stress for adults can have serious implications for children,
contributing to neglect and even abuse.70 Increased rates of child abuse have long
been associated with factors that can become more prevalent after disaster or
household upheaval – such as maternal depression, loss of property or a breakdown
in social support. In the US, for instance, hospital records revealed that rates of
traumatic brain injury inflicted on small children increased more than fivefold in
the six months following a severe hurricane, when compared to the previous six
months.71 Children’s anxious behaviour after disasters could contribute to abusive
responses. Bed wetting, nightmares, aggressiveness or clinging behaviour can add to
the stresses on parents attempting to deal with disaster-related problems.72 Resilience
in children in adversity has been related repeatedly, in part, to the presence of at
least one actively supportive adult in their lives.73 Even this can be hard to come by
when adults are withdrawn and depressed, or angry and frustrated.

Displacement and life in emergency or transitional housing have been noted
in many contexts to lead to an erosion of the social controls that normally
regulate behaviour within households and communities. Overcrowding, chaotic
conditions, a lack of privacy and the collapse of regular routines can contribute
to anger, frustration and violence.74 Sexual violence is commonly reported.75

There have been numerous accounts of children and women enduring abuse of
various kinds. Adolescent girls in particular complain of the lack of privacy
around sleep, washing and dressing and of the sexual harassment they face.76 The
synergistic effects of such accumulated physical and social stressors have been
found to affect children’s development on all fronts.77 As the numbers of
displaced people grow, these dysfunctional environments are likely to become the
setting within which more and more children spend their early years.

Disasters and long-term displacement are not unique, however, in terms of
the stress they create. Even less extreme events can create havoc in people’s lives,
deepening the level of poverty – whether through short-term displacement, loss
of work, reductions in food security, rising prices for basics, or just the time and
energy drain associated with more challenging conditions. As Diagne describes in
St Louis, Senegal: ‘For those who live in flood-prone districts, each flood increases
their poverty, depleting their incomes and meagre asset bases.’78 The report from
an African workshop points out that in the continuum between large-scale
disasters and everyday hazards, it is the smaller-scale but more frequent events
that cumulatively take the greatest toll on life, livelihoods and household well-
being in many urban areas.79
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Nor is it simply a matter of the shocks that households face. There is also the
matter of anticipating and managing risk. This seldom presents simple choices,
especially for the poor. Actions taken by households to limit their exposure to risk
can result in substantial loss of income. Households in two flood-prone squatter
settlements in Dhaka, for instance, were asked to consider the incentives that
would encourage them to relocate to safer locations. Despite the extent and
difficulty of their experience of coping with floods, many residents felt that
relocation was simply not feasible without considerable incentives – including
free land, non-repayable grants and long-term employment opportunities.80 For
those already in poverty, the costs of effectively managing risk may be excessive
and can have long-term implications.

Gradually worsening conditions can undermine the precarious stability of
households, and when the family system faces more pressure than it can easily
adapt to, this can have critical consequences for children on all fronts. The
stability of the household may be viewed as more important than the welfare of
an individual child, as seen, for instance, in the allocation of food and other
resources.81 Many households make great sacrifices on behalf of their children;
but in others, few of the benefits of what is earned or produced actually trickle
down to reach children. Children can qualify as being in absolute poverty even in
a household that does not.82 When times are hard, children can become an asset
that is drawn on to maintain the equilibrium of the household. They may be
taken out of school in order to work or to take care of younger siblings, and some
children may be considered more ‘expendable’ than others.83 Many of Bombay’s
young prostitutes, for example, are from poor rural villages in Nepal, where
inadequate crop yields lead families to sacrifice one child so others may survive.84

Multidimensional definitions of poverty encourage broad thinking about the
assets and risks that actually affect a family’s capacity to cope and move ahead in
the world. However, these definitions would be even more comprehensive if they
took into account the extent to which families are drawing on their children as
assets, or investing in them to ensure their optimal development.

The child-centred priorities of mothers are widely recognized;85 but in
difficult circumstances, these very priorities can result in levels of fatigue and
stress that take a serious toll. Women in a Ghana town, for instance, spoke of the
degree of their chronic anxiety, tiredness and physical aches and pains: ‘What will
the children eat? What will they wear? One of them is sick; she has to go to the
hospital; where do I get the money? So every time you are thinking. When it’s
night and I lie down, I won’t sleep.’86 Mental health problems, which are
increasingly acknowledged to be a significant health problem among the poor
and especially among women, are closely tied to unpredictability, uncertainty and
general insecurity.87 These factors are likely to be exacerbated by climate change.
There is growing evidence, for instance, of significant associations for women
between food insecurity and anxiety and depression.88 The combination of
economic problems and psychological stress in a mother can result in significant
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risks for her children. Community-level supports are important here. Mothers
who are involved in mutually supportive relationships through community
institutions have been found to be less likely to have malnourished children, for
instance, than those who are isolated within a family.89

Despite this litany of challenges, it is, again, misleading to think of children
simply as victims. There are numerous accounts of their hardiness and
resourcefulness in the face of both extreme events and everyday difficulties.90

Children’s capacity to cope well in difficult situations has frequently been related
to their own active engagement and to opportunities to be involved in active
problem-solving.91 Repeated experience demonstrates how capable children are of
looking critically at local problems and coming up with creative solutions that
may not have occurred to adults.92

The implications for adaptation

In seeking to reduce vulnerability and enhance resilience in the face of various
hazards and risks, how can the multiplicity of concerns for children of different
ages be adequately represented without completely overwhelming any agenda?

In every aspect of adaptation – protection, preparation, relief and rebuilding –
and at every level of response – including community, local government, NGO,
national government and international agency – some basic principles can be
taken into account:

• Children’s requirements must be adequately understood. Unless various
actors understand the implications for young people of various ages, the steps
they take to respond to the crises of climate change are likely to be mis-
targeted in some important ways.

• Children’s priorities may differ from assumptions made by adults on their
behalf. The information on which decisions are based must be information
that can be trusted to represent children’s experience.

• Incorporating a focus on children may mean changing the threshold at which
an event or situation is considered potentially ‘disastrous’ or at which
adaptation is considered necessary. It will also mean broadening the scope of
adaptation to include issues that are not always considered to be central – but
that, in fact, have benefits beyond those for children.

• As with gender, a consideration of age needs to be a routine feature of
decision-making on every front, not a separate set of activities. The ‘add-on’
approach results in superficial band-aid solutions.

Within each aspect of planning for adaptation, whether in preparation or
response, a concern for children means responding in four different areas, which
can be considered in the appropriate detail at each level of action. Taking these
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guidelines into account, in other words, would mean something different to a
donor agency and to local government agencies:

1 Ensuring children’s optimal health and nutrition. Attention to children’s health
is important not only for the obvious and immediate benefits, but also
because of the effects on enhancing children’s resilience generally and
supporting their long-term development on every front. For example, a
period of nutritional deprivation that is short lived by adult standards may
have far more critical implications for children. When disaster strikes, both
the urgency of the response and its effectiveness will be affected by children’s
pre-existing levels of health. For donors, this may mean accepting that food
aid programmes in response to a crisis are relatively ineffective compared to
longer-term programmes. When children’s health is already compromised by
illness and malnutrition, they are more likely to sustain long-term damage to
their development in the wake of a crisis, even with emergency food
programmes.93 For local government, a concern with children’s health may
become an additional reason for tackling environmental sanitation problems
in underserved areas, as part of preparation for extreme events. For a
community disaster preparedness committee, it might mean ensuring that
information regarding risks to children’s health of playing in flood waters is
disseminated before the rainy season.

2 Strengthening families’ capacity to cope. All adaptive measures geared towards
the urban poor should ideally enhance their capacity to come through
periods of shock without succumbing to major household catastrophe. But
‘coping’ in this context may take on broader meaning where children are
concerned and will include the capacity of households to manage hardship
without compromising the well-being of their children. NGOs, for example,
might build child impact assessments into their microcredit activities,
ensuring that loan repayments do not compromise children’s nutrition; a
healthcare system might allocate more of its resources to mental health
supports; emergency response planning could include planning for the
provision of temporary child care so that parents can have some hours each
day to focus on recovery without worrying about their young children. Any
supports focusing directly on children’s health, safety and care will ease the
burden on older family members.

3 Maintaining, restoring and enhancing the potential for children’s daily routines
and activities. Children need supportive functional adults in their lives; but
they also rely on their daily routines and activities and on contact with their
peers as a context for stability and optimal development. Other functions,
more critical to survival, will inevitably be prioritized in preparing for, or
responding to, crises on whatever scale – such as the protection of life and
property or attention to food, health and livelihoods. But in the course of
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addressing these things, it is important that children’s spaces, activities and
networks are not compromised – they should be identified, maintained and
restored wherever possible. In paving and upgrading local streets to prevent
them from washing away during increasingly common floods, for instance,
speed bumps or sidewalks could be included to ensure that children are not
endangered by faster traffic; in selecting space for emergency shelters, schools
can be avoided where other possibilities also exist; in an emergency camp, a
quiet space can be made available where children can do homework away
from the noise and chaos of the camp.

4 Respecting children’s capacities; allowing them the chance for active involvement.
Despite the litany of challenges that children may face in the context of
climate change, it is, again, misleading to think of them simply as victims.
There are numerous accounts of their hardiness and resourcefulness in the
face of both extreme events and everyday difficulties.94 The chance to solve
problems and to take action has been identified as a potent protective force
for children in situations of adversity, allowing them some sense of control in
situations where they might otherwise feel helpless and preoccupied by
anxiety. Opportunities to demonstrate their competence and to contribute to
a common effort can build confidence and a sense of effectiveness and
camaraderie that can go a long way towards relieving distress. These
opportunities do not need to be artificial attempts to include children; there
are many real-life occasions for problem-solving and improvements in
surroundings in both the post-disaster context and in the more ‘everyday’
context of urban poverty.95 It should never be assumed that these are
inappropriate for children. The contribution of young people is a potential
community asset that is too seldom tapped in the process of development and
adaptation. In the course of local risk assessment and monitoring, for
instance, children’s extensive knowledge of their own neighbourhoods could
be recognized and drawn on; NGOs rebuilding after disasters could involve
children along with adults in critiquing and modifying plans for relocated
housing and community space, since they will inevitably point to concerns
that adults will overlook.

Adding these concerns to the already long list of urgent priorities for adaptation
may appear to be unrealistic. Fortunately, there is considerable overlap between
the measures needed to protect and support children and those that are essential
for reducing and responding to risk more generally. The most useful measures to
protect children’s health, for instance, also happen to be fundamental in reducing
risks from potential disasters. Adequate provision for waste removal and drainage
inhibits the potential for faecal contamination in the event of heavy downpours
and reduces the likelihood of diseases that predominantly affect children – but it
also protects communities from the chronic flooding that can result from
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Table 8.2 Adaptations and responses that take children into account

Reducing longer-term Preparing for Responding to Adapting to impacts
risks extreme immediate losses and and losses, and

weather events threats following rebuilding to reduce
extreme weather events future risks

Children’s health, • Nutritional programmes • Teach children basic • Reduce the risk of • Ensure that
safety and nutrition to ensure children can survival skills (such as sanitation-related rebuilding/upgrading

withstand a crisis swimming in diseases in is a chance to 
• Piped water, toilets and flood-prone areas) emergency camps address environmental

drains (with synergies • Families develop • Attend to safety health issues
for disaster reduction) strategies for avoiding hazards in post-disaster • Rebuild in ways that

• Measures such as separation, such as environments make children’s play
mosquito nets rendezvous points • Reproductive health and mobility possible

• Ensure adequate services for young girls without risk
supplies of food and as well as women • Ensure adequate
drinking water • Support for storage space in

breastfeeding houses to keep
mothers hazardous items

away from small
children

Family and • Child impact • Encouraging • Organize shelter so • Location – access to
community coping assessments to collaborative that family members jobs, markets,
strategies accompany poverty community measures and communities are facilities, etc.

reduction measures rather than individualistic kept together • Local space flexible
• Financial incentives responses • Support children’s enough for small

for managing risk, with • Dissemination of local resilience by enterprises
a focus on children’s disaster preparedness supporting stable, • Register house sites in
vulnerabilities information, with a functioning adults women’s names;

• Collaboration between focus on children’s • Involve communities women’s involvement
child-focused agencies well-being in post-emergency in decision-making
and those supporting planning and • Housing design
community development decision-making; responsive to need

allow them to decide for privacy
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on their own needs • Vegetation, common
and priorities space to encourage

social interaction
Children’s daily • Placing speed bumps • Avoid selecting schools • Get schools and child • Pockets of space
activities and routines on upgraded roads as emergency shelters centres up and running where small children

• Planting shade trees again as soon as possible can play close to home
where heat stress is • Quiet space where • Community space
an issue children can do homework that supports varied

• Ensuring that • Safe play space for activities for older
accommodating to young children children
risks does not • Keep children safe • Space where girls can
become a substitute from harassment and socialize without feeling
for preventive abuse (e.g. lighting the exposed to criticism or
adaptations way to the toilet) harassment

• Restore a sense of • Sidewalks, layouts,
normalcy by recreating, street lights that
as far as possible, daily encourage safe mobility
chores and routines 

Involving children • Involving children • Make disaster-related • Make relief information • Giving children a
in decision-making in environmental information available accessible and genuine say concerning

monitoring and and understandable understandable to a their own priorities
assessment to children 12-year-old child • Embedding children’s

• Child-to-child health • Involve children in • Young people to have responses within more
approaches (e.g. monitoring hazards, input on issues that general planning 
assessing patterns of in disaster preparations concern them in
diarrhoeal disease) and in risk-reduction emergency camps

• Supporting children’s measures • ‘Participation’ that
active stewardship means genuine
through training and engagement, not
education tokenistic activities
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insufficient drainage or garbage-blocked drains. Making safe, appropriate land
available for housing for low-income groups may diminish the risks associated
with flooding or landslides that most seriously threaten children, but will also
encourage greater investment in homes and neighbourhoods, further minimizing
the likelihood of future damage.96

Risk reduction measures can even have unexpected benefits for children. In
Bangladesh, for example, flood control embankment projects to protect people in
low-lying areas and to stabilize riverbanks turned out to have highly significant
effects on child mortality rates, which were 29 per cent higher outside these areas.
Improvements in agriculture and fishery production, easier access by land to
health centres, and a lower risk of drowning were all reasons in themselves to
undertake flood control, and involved no additional investment.97

Table 8.2 provides a very brief summary98 of some adaptations and responses
that take children into account.

Conclusions

There are many vulnerable populations in the context of climate change – the
poor, the elderly, pregnant women, those in particular locations. Children are not
unique in this sense. However, they constitute an extremely large percentage of
those who are most vulnerable and the implications, especially for the youngest
children, can be long term. If speculation about the impacts of climate change
fails to take into account the particular vulnerabilities (as well as capacities) of
children at different ages, measures for disaster prevention and for adaptation
may prove to be inadequate in critical ways and may even result in additional
stresses for young minds and bodies.

Addressing these concerns for children may appear to be an unrealistic
burden, adding unduly to the need for time and resources in the face of so many
other compelling priorities. Fortunately, this is not a zero sum game. As stressed in
this chapter, there are strong synergies between what children need and the
adaptations required to reduce or respond to more general risks. The most useful
measures to protect children’s health are also fundamental in reducing risks from
potential disasters – such as adequate drainage, waste removal and proper
sanitation. Supporting adults so that they are better able to address their children’s
needs also leaves them better equipped to work collaboratively on reducing risks,
preparing for disasters and rebuilding their lives after a crisis. Ensuring that
children continue to have opportunities to play, learn and take an active role in
finding solutions will prepare them to be the citizens we need in order to continue
addressing the problems faced by their communities and by the planet. It has
generally been found that neighbourhoods and cities that work better for children
tend to work better for everyone, and this principle undoubtedly applies also to
the adaptations that are being called for by climate change.
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Unjust Waters: Climate Change, Flooding
and the Urban Poor in Africa

Ian Douglas, Kurshid Alam, MaryAnne Maghenda, Yasmin McDonnell, Louise
McLean and Jack Campbell

Introduction

Poor communities often live in the most hazardous and unhealthy environments
in urban areas.1 Many build their homes and grow their food on river floodplains
in towns and cities. Others construct their shelters on steep, unstable hillsides or
along the foreshore on former mangrove swamps or tidal flats. People suffering
these poor conditions may find their difficulties compounded by the
consequences of climate change. This chapter considers the implications for the
vulnerability of the urban poor in Africa.

In the large cities of low-latitude countries, it is common for much of the
low-income population to live in areas at risk from flooding2 and this population
is most likely to be affected by factors related to climate change.3 Floods are
natural phenomena; but damage and losses from floods are the consequences of
human action. Although climate change is driven largely by modernization and
development, all human activities, including land degradation by poor farmers
and grazing flocks, contribute to environmental change. However, on a per capita
basis, the poor in Africa are far more the victims of change than contributors to
global warming and land degradation.

Flooding in urban areas is not just related to heavy rainfall and extreme
climatic events; it is also related to changes in the built-up areas themselves.
Urbanization restricts where floodwaters can go by covering large parts of the
ground with roofs, roads and pavements, thus obstructing natural channels, and
by building drains that ensure that water moves to rivers more rapidly than it did
under natural conditions. Large-scale urbanization and population increases have
led to large numbers of people, especially the poor, settling and living in
floodplains in and around urban areas. In South Africa, for instance, Soweto-on-
Sea near Port Elizabeth and Alexandra in Johannesburg illustrate this point.4

As people crowd into African cities, human impacts upon urban land surfaces
and drainage intensify. Even moderate storms now produce quite high flows in
rivers because of surface runoff from hard surfaces and drains. Water flowing
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through a series of culverts and concrete channels cannot adjust to changes in the
frequency of heavy rain, as natural streams do. They are often obstructed by silt
and urban debris, particularly when houses are built close to the channels. Such
situations frequently arise when poor people build on low-lying floodplains, over
swamps or above the tidewater level on the coast.5 The effects of climate change
are superimposed on these people-driven local land surface modifications.

Separating local changes from global climate changes is not always easy. The
populations of towns and cities may be swollen by in-migration from rural areas
in times of drought. This drought might be caused by climate change; but the
local changes in the city stem from the activities of the migrants as they build
homes, compacting the ground and altering the ways in which rainfall collects
and flows towards streams and rivers. As floods begin to occur with greater
frequency, local authorities and other agencies may take protective measures to
avoid the movement of floodwaters into certain areas of towns and cities, often
giving priority to the main business and administrative centres. In many cases,
the floodwaters spread into other areas, often those occupied by the poorest
communities for want of safer land. To establish how climate change will
intensify the impacts of urban growth on flooding, especially flooding affecting
the urban poor, it is necessary to look at how climate change is likely to influence
rainfall that is intense and long enough to produce floods, as well as to examine
how urbanization itself alters flood regimes, and to consider how sea-level rise
affects settlements built on the shoreline and in former mangrove areas.

In much of the tropics, most rainstorms are highly localized, often covering
less than 10km2; they are intense and of short duration, usually lasting an hour
or less. The most intense thunderstorm, occurring, on average, once every two
years, can deposit as much as 90mm of rain in just 30 minutes.6 The volumes of
water running off roofs and paved surfaces in urban areas from such storms are
enormous. All too often, drains and culverts cannot cope and localized flash
flooding occurs. These flash floods happen suddenly, with little lead time for
warning; they are fast-moving and, generally, violent, resulting in a high threat to
life and severe damage to property and infrastructure; and they are generally small
in scale with regard to area of impact.7 While European authors present flash
floods as rare events in areas such as the Alps, often in association with landslides
and mudflows,8 tropical authors think in terms of the rapid flooding produced by
major thunderstorms, which can occur several times a year. The latter are a major
nuisance for urban residents in many African cities.

The changing climate in Africa

Africa is not a driver of climate change, but a victim.9

The weather is becoming increasingly volatile in Africa. 10
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Any analysis of long-term rainfall records in Africa reveals great variability from year
to year.11 There is also great spatial variability in rainfall on any one day or over any
one month or year. Thunderstorms producing heavy downpours that cause
localized flooding may extend over as little as 2.5km2.12 In East Africa, rain can
occur in isolated patches of less than 30km in diameter; but sometimes broad bands
of varying rain up to 500km across can develop. This spatial variability makes
precise forecasting difficult and poses problems for delivering good flood warnings.
In a way, it is fortunate that the most widespread serious floods in major river basins
such as the Zambezi are produced by widespread rain bands whose development
and movement are readily detected by weather satellites. However, the more
frequent flash floods in urban areas stem from the localized storms whose tracks and
occurrence are difficult to predict. Urban areas can enhance the build up of
thunderstorms through the urban heat island effect: as cities grow, the urban heat
island becomes more marked, with possible increases in thunderstorm activity.
Thus, even without the climatic changes due to global warming, urban extreme
rainfall intensities may be increasing, along with their severe impacts upon society.

Examining the history of these long-term changes in Africa is complicated
because of gaps and irregularities in some climate data that are the result of
relocations of stations and changes in instruments. But when errors and
inconsistencies can be reduced or eliminated through instrumentation changes,
tests for changes in the intensity of extreme events can be made and tend to show
significant increases in the intensity of extreme rainfall events.13

In the future, rising temperatures are projected to cause more frequent and more
intense extreme weather events, such as heavy rainstorms, flooding, fires, hurricanes,
tropical storms and El Niño events. It is likely that future tropical cyclones (typhoons
and hurricanes) will become more intense, with larger peak wind speeds and heavier
precipitation. Over most subtropical regions, rainfall is likely to decrease by as much
as 20 per cent. There is likely to be quite marked winter drying in Southern and
Northern Africa, but an increase in December, January and February rainfall in
equatorial East Africa.14 At the major river basin level, forecasting is more difficult.15

Trends in urban flooding in Africa

All countries are vulnerable to climate change and instability in
weather patterns, but the poorest countries and the poorest people
within them are most vulnerable, being the most exposed and having
the least means to adapt.16

Climate change appears to be altering the pattern of flooding in Africa. Modelling
shows that the pattern of rare large floods is going to change much more than
long-term average river flows. Prolonged heavy rains may increase in volume and
occurrence.17 Many African cities have experienced extreme flooding since 1995.
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Examples of flooding in urban areas

Heavy rains and cyclones in February and March 2000 in Mozambique led to the
worst flooding in 50 years and brought widespread devastation to the capital city,
Maputo, as well as to the city of Matola. Upwards of 1 million people were
directly affected. Water and sanitation services were disrupted, causing outbreaks
of dysentery and cholera. Newspaper reports described the disaster as destroying
the rehabilitation efforts of what had been, until only a few years before, the
world’s poorest country.

In 2002, heavy rains caused by unusually high temperatures over the Indian
Ocean killed more than 112 people in East Africa. Floods and mudslides forced
tens of thousands of people to leave their homes in Rwanda, Kenya, Burundi,
Tanzania and Uganda. Rwanda suffered the heaviest toll, with more than 50 dead
in 10 days, many of the deaths caused by landslides. At least 1557 homes were
destroyed and many cattle were killed. In Kenya, floods and mudslides killed 46
people in 2 weeks. In Tanzanian urban communities, hundreds of families were
left homeless and damage to crops threatened food security. In August 2006, in
Addis Ababa, floods killed more than 100 people and destroyed homes in eastern
Ethiopia, after heavy rains caused a river to overflow.

There has also been damage in West Africa. Since 1995, floods have tended
to cause increasing damage in Ghana, particularly in coastal areas. The cities of
Accra and Kumasi have been particularly severely affected, with many forced to
leave their homes. The perception of, impacts of and adjustments to urban
flooding in Nigeria have been extensively studied.18 Several studies of the
hydrological changes associated with urbanization19 have described the
contribution of topographic conditions, rainfall characteristics, land-use changes
(especially the expansion of paved impermeable areas), uncontrolled waste
dumping and construction on the floodplain, to local flooding.20 The roles of
rainfall amount and intensity have also been discussed.21

The two drivers, climate change (affecting storm occurrence and intensity)
and local urban change (due to alterations to the urban land surface and water
pathways as a result of such activities as construction, paving, soil compaction
and the removal of vegetation, but also due to blockage of drains and the
diversion of natural flows) combine to produce increased local runoff and higher
flood frequency, magnitude and duration. The urban poor are suffering more
from these changes than other urban residents.

The clear messages emerging are that:

• Urban flooding is becoming an increasingly severe and more frequent
problem for the urban poor.

• Climate change is altering rainfall patterns, tending to increase storm
frequency and intensity, thus increasing the potential for floods.

• Local human factors, especially urban growth, the occupation of floodplains
and the lack of attention to waste management and to the construction and
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maintenance of drainage channels are also aggravating the flooding problem.
Particularly problematic is the unwillingness of government at all levels to
engage in the provision of integrated drainage systems in informal
settlements, which are often regarded as being outside accepted urban
regulation and planning systems.

Four types of urban flooding in African towns and cities

Human settlements may be affected by four types of flooding:

1 localized flooding due to inadequate drainage;
2 flooding from small streams whose catchment areas lie almost entirely within

built-up areas;
3 flooding from major rivers on whose banks the towns and cities are built; and
4 coastal flooding from the sea or from a combination of high tides and high

river flows from inland.

The first and second types of flooding occur much more frequently than flooding
from major rivers. The fourth type of flooding occurs where settlements have
been built on coastal wetlands and mangrove swamps.

Localized flooding. Localized flooding occurs many times a year in slum areas
because there are few drains, most of the ground is highly compacted and
pathways between dwellings become streams after heavy rain. Any drains and
culverts that do exist are often blocked with waste and plastic debris because the
slums lack adequate municipal waste collection and cleaning services.

Small streams. The small streams in urban areas rise quickly after heavy rain,
but often pass through small culverts under roads. Although adequate enough to
deal with the existing flood flows when they were designed, changes in urban
areas and in storm intensity now produce flows that exceed the capacity of the
culverts. The stream channels themselves may contain so much debris and urban
waste that they are effectively smaller than they were two decades ago. These
changes combine to make flooding more frequent.

Major rivers. Major rivers flowing through urban areas are affected by land-
use changes and engineering works upstream. For example, dams can modify
river flows. Most dams trap sediments, often causing rivers to erode their banks
downstream more than they did in the past; and, although dam operation can
lead to a greater regularity of flows, it may also lead to high flows when stored
water is released suddenly to prepare for high flows upstream.

Often, natural levees along the river provide some protection to the towns
and cities through which it passes. However, urban growth has usually expanded
over some of the floodplain so that parts of the city are below flood level and the
area into which floods can naturally overflow has also been reduced. Levees have
been raised artificially, but with the risk that they may be breached and cause
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devastating urban flooding. Such flood events can cause severe losses and disrupt
economic activity over large areas of the city. Depending upon the size of the
river, flooding may last several days or several weeks.

In lowland and coastal cities, wet season flooding may affect some areas for
two or more months because rain and river water combine to raise water levels in
swamps that would naturally have been inundated at certain times of the year.
Dumping of waste beneath dwellings in these areas tends to help raise levels
further. Storm waves can also bring flooding to such areas.

Coastal flooding. More than one quarter of Africa’s population resides within
100km of a sea coast,22 with 12 per cent of the urban population living within the
land area that may be affected by a 10m sea-level rise (the low-elevation coastal
zone, or LECZ).23 In coastal cities, many poor people live on former swamp land
or in dwellings built on stilts in tidewater areas. Such communities are particularly
vulnerable to increased storminess and rising sea levels. Modelling the effects of a
38cm mean global sea-level rise in 2080 gives estimates that the average annual
number of people in Africa affected by flooding could increase from 1 million in
1990 to 25 million by 2050,24 with a worst case scenario of 70 million by 2080.25

Many, if not most, will be residents of poor urban communities. Examples of
particularly vulnerable coastal lowland cities are Lagos and Port Harcourt in
Nigeria26 and the capital of The Gambia, Banjul.27 There are also threats to coastal
areas of Egypt28 and to East African coastal settlements from sea-level rise.29

Local case studies of urban flooding

The 2003 World Development Report notes the pronounced difficulties
the poor face when disaster strikes. Developing countries are
particularly vulnerable because they have limited capacity to prevent
and absorb … effects [of natural disasters]. People in low-income
countries are four times as likely as people in high-income countries to
die in a natural disaster… Poor people and poor communities are
frequently the primary victims of natural disasters, in part because they
are priced out of the more disaster-proof areas and live in crowded,
makeshift houses … poor families are hit particularly hard because
injury, disability and loss of life directly affect their main asset, their
labour. Disasters also destroy poor households’ natural, physical and
social assets, and disrupt social assistance programmes. 30

To ascertain the dimensions of flood problems in poor communities, ActionAid
undertook participatory vulnerability analysis (PVA)31 with people living in
vulnerable areas in five capital cities representing different areas of Africa where
ActionAid had representatives who were able to help with the enquiry. Policy
analysis was also carried out as a part of PVA to understand whether there is a gap
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between poor urban people’s experiences of climate change impacts and current
disaster management policies. These analyses reveal much about the local factors
that aggravate flooding and the views people hold about the causes of flooding
and what might be done about it.

PVA is a tool developed by ActionAid that involves communities, local
authorities and other stakeholders in an in-depth examination of what makes
them vulnerable. PVA is essential to ActionAid’s work on emergencies and
conflict. The impact a disaster has upon the people who are affected will depend
upon how vulnerable they are. By identifying the causes of their vulnerability,
communities can set up their own coping mechanisms to mitigate the effects of
hazards such as floods. In this study, the local ActionAid representatives met with
focus groups they had already established in poor communities and discussed a
pre-planned set of topics on the flood problems of urban areas: why floods occur;
how members of the community adjust to them; who is responsible for reducing
the flood risk; and what action the community itself can take. The responses
covered a wider range of ideas than the planned topics, providing some vivid
descriptions of how individuals reacted to flooding. Inevitably, the detail in the
reports from the five cities differed; but altogether there is a story of human
courage and endurance in the face of quite terrible conditions that often last for
months rather than days or weeks. After a brief description of the situation in
these cities, the focus groups’ responses to these questions will be presented.

The worsening situation in the five cities

Accra, Ghana. Women in Alajo, Accra, observed that patterns of rain and flooding
have become unpredictable since the 1980s: ‘In some years the rain will fall
greatly and destroy everything; and other times nothing will happen.’ They noted
that it used to rain heavily in June and July; but since 2000, the heavy rains
sometimes start earlier than June or continue beyond July, making it difficult to
prepare for flooding.

Men in Alajo described the impact of the flooding on their lives: ‘Flooding
makes the inhabitants of Alajo unable to do anything.’ Slum dwellers’ livelihoods
depend upon such activities as small-scale commerce, petty trading and artisanal
trades, which are disrupted by floods, thus affecting the capacity to buy food or
pay bills, including those for children’s education and healthcare: ‘Flooding
makes people go hungry for days.’ Several Alajo residents spoke of engaging in
petty trading and merchandising in wooden kiosks that cannot withstand the
force of the floods.

Kampala, Uganda. In Kampala, construction of unregulated shelters by the
poor in such slums as Kalerwe, Katanga, Kivulu and Bwaise has reduced
infiltration of rainfall, increasing runoff to six times that which would occur in
natural terrain. Some of the increase is probably due to climate change; but some
is also the direct result of land cover change. Local people claim that floods are
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now more frequent and more severe. The flooding used to occur in predictable
cycles in the two main rainy seasons of April–May and October–November; but
now occurrences have become erratic and unpredictable.

Fifty-nine-year-old Masitula Nabunya of Bwaise III parish said that after the
1960 floods, a channel from Nsooba to Lubigi was dug and workers were employed
to clean it regularly. There were no further flooding problems until the 1980s; but
since then she has had to rebuild her house after being flooded six times. Flooding
in these places is now much more frequent, with every small downpour appearing
to produce intense flooding. Some of this is because the main drainage channel,
originally 2m deep, is now only 30cm deep as a result of an accumulation of
sediment and rubbish. The situation is also linked to the increased number of
houses, yielding much more runoff from a given quantity of rain.

Lagos, Nigeria. Residents of the low-lying coastal slum settlement of
Iwaya/Makoko in Lagos argue that the climate is changing and flooding is
becoming more frequent. In these settlements, homes are built on stilts above
swamps that are natural flood basins. The increasing peak flows, combined with
higher spring tides, are affecting more homes, more frequently. Local people are
concerned about property damage and the impact upon child health in an area
with totally inadequate sanitation. Floodwaters can carry all sorts of organic waste
into people’s homes.

Maputo, Mozambique. In Block 40B of the Luis Cabral slum
neighbourhood of Maputo, residents argue that flooding has become worse
since 1980, pointing out that the 2000 floods completely destroyed the area. A
single one-day rain event can cause floods that persist for three days. If the rains
persist for three days to one week, the water depth rises to 1m and it may take
a month to disappear.

Nairobi, Kenya. Flooding is a major problem in all informal settlements in
Nairobi. In the Maili Saba slum, part of Dandora, next to the river, flooding is a
normal occurrence. Poor people’s houses are built of weak, inadequate building
materials. Migration has led to more houses being built close to rivers, with
consequent greater disruption when floods occur. To many residents, the El
Niño-associated floods were particularly severe. Many local residents link
increased flooding to both local activities and climate change. Many long-term
inhabitants of slums such as Mabatini in Mathare agree that floods now occur in
places where they did not two decades ago. Similar reports come from other
African cities, whether inland or coastal. For the residents, floods are getting
worse and climate change is contributing to this situation.

People’s perceptions of the causes of flooding

Accra, Ghana. The poor residents of the district of Alajo in Accra were contacted
in men’s and women’s groups and this provided a ranking of the importance of
the causes of flooding, as they perceived them. Men pointed to:
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• improper city planning with regard to layout of buildings and other structures;
• poor drainage;
• the lack of consultation by officials with the poor and an insensitivity to their

problems:

Government and authorities take us for granted. Authorities do not
respect us. They think they know it all and so will not ask for our
opinion. They do not acknowledge the wisdom of the people. If they
respected us and valued us, they will be sensitive to our plight and take
simple but effective measures to solve the problem of flooding.

• overpopulation:

Numbers of people and their houses, offices and businesses have
increased in our community. If the drainage will be fixed, population
will not be a problem. Without a good drainage system, population
increase facilitates flooding.

The women’s group identified the same general issues, stressing the inadequate
level of official attention to the problems of the poor:

In Alajo, there is no room created for floodwater to be properly
contained. There is no way for the water to pass. The floods are not
always caused by rains. Sometimes, even before the rains begin to fall,
the drains are overflowing and the pathways obscured with wastewater
flowing from other parts of the city and into Alajo from where there are
no appropriate drains. So when it begins raining, things just worsen.
At such times, if you want to take somebody to the hospital, he dies
before your very eyes because you cannot carry him out.

Kampala, Uganda. People sampled in the Bwaise, Kalwerwe and Katanga districts
of Kampala view flooding problems as arising from poor drainage conditions and
the general flat terrain and lowlands. Bwaise, in particular, is surrounded by the
hilly locations of Kawempe, Nsooba, Kamwokya, Mulago and Makerere. People
cited the following causes of flooding:

• Even when drainage channels are occasionally unblocked, the excavated silt is
dumped alongside the channels and gets washed back in.

• Acute poverty means day-to-day survival takes much higher priority than care
for the environment.

• Tree cutting for firewood, charcoal, mining and quarrying has contributed to
changes in the weather patterns and, hence, to increased flooding.
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• The expansion of commercial property and industrial developments in
reclaimed wetlands where floodwaters used to drain has increased flooding
elsewhere.

• The discriminatory enforcement of wetland policies that allow the rich to
block natural drainage areas has greatly disadvantaged the poor through
consequent flooding.

• Factory building on wetlands has blocked water flows and polluted the water.
• The unregulated construction of shelters has blocked many small drainage

channels.
• The failure to de-silt the main drainage regularly has greatly reduced its capacity.
• Small culverts under road crossings are easily blocked by solid waste.
• Bank erosion along open drains produces silting, thus reducing their capacity.
• The stone linings and concrete banks of poorly constructed drainage systems

have become degraded and have started to collapse.
• The failure to de-silt the lower end of the main drain into the swamp causes

floodwater to flow backwards into Bwaise settlement.
• Rebuilding the main highway from Kampala to Gulu in a new location and

the recent construction of the northern bypass road have interfered with
water flows and aggravated flooding.

• The removal of eucalyptus trees along the main drainage channel that used
to absorb some of the floodwater has led to increased flooding.

• The privatization of solid waste collection has led to much waste being dumped
into the drainage channels, thus blocking them and aggravating flooding.

• Shelters built on hills around the city lack rain-harvesting facilities, which
would have reduced the runoff water that contributes to flooding.

While the actual significance of some of these potential causes of flooding is not
scientifically proven, this long list of locally perceived causes includes many
drivers that could be dealt with by local action; but it also points to the lack of
time the poor have to care for the environment.

Lagos, Nigeria. People in the Lagos PVA suggested the following causes of
increased flooding:

• changes in the levels of high tides in the Lagos Lagoon and the Atlantic
Ocean, affecting certain streets;

• the indiscriminate erection of structures by residents, leading to impediments
to the flow of water;

• subsidence of coastal land;
• the indiscriminate dumping of wastes into the lagoon, leading to the

blockage of drains (many of the participants were reluctant to agree that this
was a cause, although a few did); and

• insufficient depth and capacity of the drainage channels to carry all the urban
runoff, causing overflows and bank collapse.
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The reluctance to accept waste dumping as a cause suggests an unwillingness to
recognize personal responsibility. But lack of official attention to maintaining and
improving an adequate drainage network for a rapidly growing megacity is also a
major factor.

Maputo, Mozambique. In the Mafala neighbourhood of Maputo, residents
noted both natural and local causes of flooding:

• although there was less rain overall, rare storms seemed more intense and led
to more destructive flooding;

• a lack of adequate drainage infrastructure;
• no internal organization in the neighbourhood to maintain drainage

channels, manage sewage, allocate land or assist in evacuation at flood times;
• an absence of land planning; and
• no assistance for flood victims.

Clearly, here again the lack of national or local government involvement in
developing integrated drainage or in planning the settlement to minimize flood
damage is readily apparent. However, there seemed to be no cohesion within the
community to organize mutual self-help.

Nairobi, Kenya. The causes of flooding identified by respondents included:

• heavy rainfall – residents said that whenever there were heavy downpours, either
in Mathare or even upstream in Central Province, they expected flooding;

• poor drainage systems – one woman commented that solid waste usually
blocked the river, forming a dam that impeded the flow of water until it
finally gave way and caused a flash flood;

• unplanned housing on the floodplain, which has restricted the capacity of the
river;

• human activities near the river – for example, the Ngumba market in
Mabatini is actually located in the river, which has been partly reclaimed by
depositing sandbags in the channel;

• destruction of forests and lack of vegetation cover along river beds, with
consequently reduced use of the river water; and

• changes in climatic conditions – one person commented that:

The presence of a lot of exhaust gases in the atmosphere has a negative
impact on climatic conditions. This has led to erratic and
unpredictable rains, with the quantities becoming either more or less
during given periods.

Within the five cities discussed in this section, focus group participants placed
repeated emphasis on the lack of adequate drainage, poor management of
existing drainage, the consequences of unplanned and unregulated urban
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development, lack of attention to the problem by governments, and changes in
weather patterns. Those from coastal towns also emphasized changes on the
shoreline, including subsidence, which often happens as coastal organic (peat)
soils inland from mangrove swamps are drained and dry out. Some of the
aggravating changes are seen as happening within the settlements themselves;
but others are totally external to the settlements and beyond the control of flood
victims.

Adaptations to urban flooding

Accra, Ghana. In the Alajo community in Accra, people dealt with the June and
July 2006 floods in a variety of ways:

• using blocks, stones and furniture to create high places on which to put their
most critical valuables;

• placing goods on top of wardrobes and in the small spaces between ceilings
and roofs;

• sharing such high places with others who had no similar ‘safe’ sites; and
• temporarily moving away from the area to stay with friends and family.

One woman in Alajo described her experiences as follows:

As soon as the clouds gather I move with my family to Nima to spend
the night there. When the rain starts falling abruptly, we turn off the
electricity meter in the house. We climb on top of our wardrobes and
stay awake till morning. Our house was built in such a way that
ordinarily water should not flood our rooms; but this is not so. Our
furniture has been custom made to help keep our things dry from the
water. For instance, our tables are very high and so also are our
wardrobes; they are made in such a way that we can climb and sit on
top of them. These measures are adaptive strategies as old as I can
recollect. I have two children but because of the flood, my first child has
been taken to Kumasi to live with my sister-in-law.

When residents of Alajo were in danger, they resorted to self-help or, for example,
were rescued by other members of the community using locally manufactured
boats, with no involvement by any government disaster agency. People said that
their complaints to government authorities brought no results:

When the rain and the floods come, women and children suffer. You
can be locked up for up to two days with the flood. Sometimes, we take
our children out from the room to the rooftop. Then people bring boats
to evacuate people.
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Kampala, Uganda. Individuals in slums in Kampala adopted similar strategies.
The response to floods in July 2006 was characterized by ad hoc individual short-
term efforts to survive and protect property. In addition, some residents
undertook collective work to open up drainage channels; some permanent
residents temporarily moved to lodges and public places such as mosques and
churches until the water levels receded; many residents constructed barriers
against water entry at doorsteps; and some created outlets at the rear of their
houses so that any water entering their homes flowed out quickly.

There were limited collective efforts at the community level and virtually no
significant intervention by the relevant local government at the divisional level.
What helped the residents most was the fact that the rains that caused the flooding
were not the continuous peak rains that last several days, such as those experienced
in April and November. What limited the response of the residents was the fact
that almost all activities are uncoordinated and are at the individual ‘survival of the
fittest’ level. Another big limitation is the significant backflow of water from the
direction that the floodwater would naturally take, as a result of silting.

Lagos, Nigeria. At present, individual coping strategies include ‘bailing water
out of the house with buckets’. Some wealthier community members use
mechanical water pumps to remove water from their homes. People build
temporary plank bridges between houses across the wetlands in order to be able to
move about during flooding. The most helpful individual action at the household
level has been to block water inlets with pieces of cloth to reduce the amount of
water coming into the house and then to remove the blockage after the level of the
water has gone down to allow the water already inside the house to flow out.

The community seems unable to mobilize community efforts to tackle the
flood problem. But even if they were able to mobilize, they believe they would
not be able to combat the hazard owing to its enormity.

Maputo, Mozambique. The comments of Maria Sebastião Tivane from the
Mafalala settlement typify the responses of Maputo residents:

If it rains, water rapidly accumulates, flooding the area. Generally,
water remains for about two months. During that period, for our safety
we put our belongings on bricks – namely, beds and tables – to secure
a place to sleep. Those who live in low areas suffer more. During the
2000 floods, I lost everything. My house was destroyed, including the
latrine, and everything, that is why I do not have a bed. My neighbours
suffered too; but they managed to save their goods. Because of my age
and being without a husband, I couldn’t remove my goods and leave
the area. I suffered a lot and I continue suffering because of living
conditions. I survive because of family support. We don’t have any
assistance or support from the government or non-governmental
organizations.
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Nairobi, Kenya. In the slums of Nairobi, adaptations or responses to flooding
include:

• bailing water out of houses to prevent damage to belongings;
• placing children on tables, initially, and later removing them to nearby

unaffected dwellings;
• digging trenches around houses before and during floods;
• constructing temporary dykes or trenches to divert water away from the house;
• securing the structures with waterproof recycled materials;
• relocating to the highest parts of the dwelling that residents think are secure; and
• using sandbags to prevent the ingress of water.

Essentially, these are all individual coping strategies. Sometimes, people share
protective storage or accommodation on higher ground. Spontaneous
community action to unblock drainage channels is relatively rare. No coordinated
action for emergency shelter or rapid response to flooding appears to exist in
these cities. However, local people in poor communities have an acute awareness
of the solutions that are necessary and are possible.

Perceptions of solutions to the flooding problem

Accra, Ghana. The key ideas expressed by community members were:

• The construction of a well-designed drainage system. The focus groups
believe that:

If there is proper drainage, then we will have no floods. We need proper
engineers to work on it. We have to engage the services of competent
engineers, even if they are from abroad and are qualified to do the job.

It was also recognized that once the drains were constructed, the
communities would have to take charge of keeping them clear, clean and well
maintained.

• Education, advocacy and sensitization of the community, together with
assistance from non-governmental organizations (NGOs).

• Advocacy with government and policy-makers to draw attention to the plight
of residents in poor, flood-prone urban communities.

• The enforcement of municipal laws on planning and urban design. The
community believes that the Accra metropolitan assembly is too lax in
enforcing the removal of illegal buildings that make the area more susceptible
to flooding.

• Proper waste disposal; ensuring the availability and regular emptying of waste
receptacles; and eliminating the deliberate dumping of waste into drains.
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Generally, when Accra slum residents think about solutions, it is in terms of
medium- to long-term solutions that involve urban upgrading and major
structural works that require relatively large capital expenditure.

Kampala, Uganda. Although opinions diverged about priorities and the order
of remedial activities, there was an emerging consensus on what should be done:

• build planned new houses;
• construct a deeper and wider main drainage channel to accommodate the

increased floodwaters;
• construct covered feeder channels to channel water into the main drainage

system;
• have a permanent workforce to maintain and clean the drainage system;
• set up and promote the use and awareness of a proper garbage and solid waste

disposal system;
• strictly enforce bylaws on the construction of houses and sanitation solutions;
• make stakeholders aware of their roles, responsibilities and duties in averting

the floods and of the danger if they neglect these roles;
• build public toilets in slum areas built over wetlands, where the construction

of individual private household toilets is expensive;
• prohibit the construction of human settlements in the remaining existing

swamps;
• strengthen and de-politicize the building inspection unit of Kawempe

division, allowing it to take impartial action;
• increase advocacy for increased budgets for improving drainage channels and

flood-related control activities; and
• plant more trees along the main drainage channels, as had been done previously.

Lagos, Nigeria. In Lagos, both the slum dwellers and the mainland local
government council believe that constant clearance of the drainage channel
running through Iwaya/Makoko would prevent the ponding of water from other
parts of the metropolis. Standard drainage facilities along major streets within
Iwaya/Makoko would help to solve the flooding problem. The slum dwellers have
also suggested using sand to raise the entire area to a higher level.

Maputo, Mozambique. Solutions here included:

• building secondary drains that link to the already existing main one;
• cleaning up the main drainage channel, which, at present, is partially silted up;
• removing all housing built on natural flood paths;
• improving the drainage culverts under the N4 Highway;
• ensuring that local drains feed effectively into the main drainage channel;
• conducting educational campaigns for communities on flood avoidance;
• creating industrial zones outside cities and towns; and
• increasing public participation and involvement in resolving environmental issues.
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Nairobi, Kenya. Slum tenants thought there was limited potential for intervention
on their part because of their high level of individual vulnerability and their
exclusion from decision-making processes. However, they felt some measures
were possible on their part:

• forming residents’ associations to improve their welfare and responses to
emergencies;

• partnering with others to plant trees along the riverbank and dig canals,
trenches and drainage next to their houses; and

• prevailing on landlords to build humane and habitable houses and business
premises, away from the river and able to withstand floods, as well as toilets
to avert the outbreak of disease.

Recommendations for government at different levels included:

• government reform of housing policy to compel landlords to provide basic
services such as toilets, drainage systems and other sanitation facilities;

• the inclusion of informal settlements in the city’s waste management
programmes;

• proper planning and provision of essential services that can sustain people’s
lives and their livelihoods;

• the development of infrastructure, including bridges, access roads and dykes
along the riverbank;

• relocation by national government of people living along the river; and
• land reclamation, as in the case of the adjacent upgraded Mathare 4A project.

People are aware of the solutions and have strong views on who is responsible for
taking action. However, there are different levels at which the various
stakeholders in flood mitigation can operate to contribute to creating solutions.
This requires an analysis of responsibilities and actions, which is the subject of the
next section.

General guidelines on adaptations to climate change

The general literature on adaptations recognizes that flood warning systems are
necessary for people living on floodplains; that human settlements should be
planned to avoid flooding as far as possible; and that adequate evacuation
procedures should be in place to assist flood victims. Integrated river basin
planning incorporating flood storage into reservoirs is recommended for most
large African river basins.

Flash floods require a different approach to reducing vulnerability than most
other natural hazards, including other kinds of floods. Death and property loss per
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unit area can be very high, and flood mitigation strategies alone are not sufficient.
Flash floods require a different way of thinking based on an informed public and
a system for detecting a rain event that has the potential to cause a flash flood. For
the most part, research efforts, whether basic or applied, have dealt with one or
another of the components of the system and we have learned a great deal. Yet,
uncertainty about individual elements of the system remains high.32

Coastal defence systems will require long-term investment for the future.
Action should begin now because several African coastal areas are already
experiencing significant impacts. Investment will help to safeguard the next
generation of coastal residents; but that generation will have to continue the
investment to protect its successors. Caring for the people and the environments
of the future is an obligation that the people and the governments of today must
not avoid. Failure will impose immense costs on our posterity.

For flooding, in general, three types of action33 are particularly relevant to
poor urban communities:

1 Informed action at the local level. Local initiatives to reduce vulnerability and
increase community participation may be facilitated by training, capacity-
building and resource transfers. These kinds of efforts may require outside
support and can be sustained through a network of organizations engaged in
economic, social, political and scientific action and inter-organizational
learning.

2 Maps of the decision processes for disaster mitigation, preparedness, response and
recovery. Such devices would identify critical actors at each jurisdictional level;
their risk assumptions; their different types of information needs; and the
design of an information infrastructure that would support their decisions.
Only by making the complexities of environmental risk management explicit
will it be possible to transform the destructive spiral of disaster into a learning
process for responsible management of the environment.

3 Enablement of affected populations. Global initiatives for adaptation to climate
change and for disaster reduction should be more specifically addressed
towards assisting the people who face hazards to manage their own
environments more responsibly and equitably over the long term. Flood
victims often feel neglected by the authorities and cut off from major national
and international initiatives to alleviate flood impacts and reduce the
frequency of flood events.

While megacities can suffer large quantitative losses and damage to life and
property, the proportion of the population and properties affected may be far
greater in small urban settlements. If we compare the diverse sizes of towns that
share similar political economies and communities of similar sizes with different
political economies, a clear case can be made that small communities experience
a far different exposure to hazard than do large metropolitan areas.34
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In terms of poverty reduction, the Independent Evaluation Group (IEG) of
the World Bank notes that:

Disaster risks do not make it into the CAS or PRSP 35 as often as
country exposure to such risks would seem to warrant. When a CAS
does discuss natural disasters, it is likely to discuss activities related to
vulnerability reduction (such as strengthening disaster management,
long-term planning and early warning systems). 36

The IEG also notes that the first challenge for the World Bank in relation to
disasters is ‘to ensure that the poor do not miss out on the recovery or, worse, lose
the little they have left’.37

Responsibilities and actions

Following a disaster, solutions that will directly benefit the poor are found at the
micro level. As one disaster expert interviewed by the study team put it,
governments have ‘thick fingers’ for such fine-scale work.38

Responsibility: Theoretical framework

The principle of local, regional or national action at the appropriate scale applies
to managing urban flooding. Where the problems are essentially internal to a
specific community, then that community should manage them. Where they lie
totally within the boundaries of a single local authority, then the local authority
should manage them. Where they cut across many administrations, then national
governments, or even international consortia, should manage them.

Applying this principle of management as close to the communities as
possible, the management of localized flooding as a result of inadequate drainage
should be undertaken by the local communities themselves. This is where local
voluntary groups, assisted by national or international NGOs and with support
from both local government and national disaster reduction organizations, could
be highly effective. Local communities are stakeholders in the good drainage of,
and the rapid water removal from, their own areas. They would benefit from
improving and maintaining drainage channels, thus preventing the blocking of
waterways and culverts by waste; from installing roof rainwater collection tanks for
their own use; and avoiding construction on drainage lines. They could also
organize local shelter for the people in their communities who are most affected
by flooding.

Local authorities are best placed to cope with flooding from small streams
whose catchment areas lie almost entirely within the built-up area. They
administer the regulations and bylaws concerned with land-use planning and
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should be involved in local disaster management. However, most African local
authorities lack the human resources and financial power to carry out such
responsibilities effectively. They may be able to form partnerships with NGOs;
but they should be supported by national governments and regional agencies to
map flood risk areas, maintain urban stream channels, control building in flood
channels and on floodplains, and provide emergency assistance.

Where towns and cities are flooded by major rivers overtopping their banks,
their flood protection has to be seen in the context of the entire river basin, which
may include more than one state. Where a river basin lies within a single nation
state, integrated river basin management principles should be applied by an
agency cutting across ministries concerned with both rural and urban interests to
ensure that activities in upstream areas do not worsen the flood situation for
towns and cities downstream. For large international rivers, river basin
commissions are required to manage the water resources of the entire basin for
the benefit of all communities in the different nations occupying the basin.
Individual urban authorities may campaign for, or act to build, extra flood
protection embankments. However, such works only serve to direct the
floodwaters elsewhere. The natural floodplain should be retained to hold
floodwaters and should not be built upon.

Cities faced with coastal flooding from the sea or from a combination of high
tides and high river flows from inland have to integrate both river basin and
coastal zone management, ensuring that the natural wetlands can continue to
function as flood storage areas as far as possible. Where settlements already exist,
filling those areas to prevent flooding may be desirable; but the implications for
adjacent areas need to be considered. Social factors may lead people to move on
to other nearby wetlands.

Required actions

More needs to be done to focus on the urban poor in international action on
adaptation to climate change and disaster reduction. Seldom do the needs of
the urban poor feature in responses to the National Adaptation Programme of
Action (NAPA) on vulnerability to climate change, funded by the Global
Environment Facility (GEF) for least-developed countries. The Hyogo Declaration
(so named after the Japanese prefecture where the world conference on disaster
reduction was held in 2005), in its international plan of action, points out
that ‘disasters in Africa pose a major obstacle to the African continent’s efforts
to achieve sustainable development’.39 However, national Hyogo reports make
scant reference to the needs of the urban poor. To achieve the inter-sectoral
partnerships suggested by the Hyogo framework, steps are needed to create
awareness and build capacity within city councils for the application of the
framework and other relevant protocols and conventions for the needs of the
urban poor.
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Climate change is aggravating the problems caused by urban flooding that
poor people in African towns and cities regularly face. The detailed reports from
the cities studied by ActionAid confirm the general view in the literature on
political ecology approaches, which demonstrate, for example, that when faced
with a flood risk, residents of marginalized but risky areas have only a limited set
of adaptation options.40 As elsewhere, in some African countries the state allows
such risks to exist as part of the politicized nature of urban planning and control.
In some cases, the poor form associations to initiate some adaptations; but
everywhere the poor need urgent help to increase their ability to avoid these
problems. They need help at the local community level to improve their options
for emergency action and evacuation. They need help at the municipal level to
improve drainage, to regulate developments upstream and elsewhere that increase
flooding in their communities, and to give them greater security of tenure so that
they can invest in making their homes more flood resistant. They need help at the
national level – particularly to ensure that their needs are included in national
disaster reduction plans and that these and other impacts of climate change are
included in poverty reduction strategies. They also need international help to see
that funding for adaptation to climate change is directed towards their problems.
If Africa generally is a victim of climate change, the African poor are where the
outcomes of that victimization are mainly focused.

Notes

1. See, for example, Stephens, C., Timaeus, I., Akerman, M., Avle, S., Maia, P. B.,
Campanerio, P., Doe, B., Lush, L., Tetteh, D. and Harpham, T. (1994) Environment
and Health in Developing Countries: An Analysis of Intra-Urban Differentials, London
School of Hygiene and Tropical Medicine, 141pp; also Stephens, C. (1996) ‘Healthy
cities or unhealthy islands: The health and social implications of urban inequality’,
Environment and Urbanization, vol 8, no 2, October, pp9–30.

2. Hardoy, J. E., Mitlin, D. and Satterthwaite, D. (2001) Environmental Problems in an
Urbanizing World: Finding Solutions for Cities in Africa, Asia and Latin America,
Earthscan, London.

3. Adger, N. et al (2007) Climate Change 2007: Impacts, Adaptation and Vulnerability,
Working Group II Contribution to the Intergovernmental Panel on Climate Change
Fourth Assessment Report, Summary for Policymakers, Intergovernmental Panel on
Climate Change, Geneva.

4. Viljoen, M. and Booyse, H. (2006) ‘Planning and management of flood damage
control: the South African experience’, Irrigation and Drainage, no 55, ppS83–S91.

5. See, for example, Chapter 2.
6. Gupta, A. and Ahmad, R. (1999) ‘Geomorphology and the urban tropics: building

an interface between research and usage’, Geomorphology, vol 31, pp133–149.
7. Gruntfest, E. and Handmer, J. (eds) (2001) Coping with Flash Floods: Proceedings of

the NATO Advanced Study Institute, 8–17 November 1999, Ravello, Italy, NATO
Science Partnership Sub-Series 77, Springer, Berlin.

220 Risk and Vulnerability for Cities

Chapter 09.qxd  4/30/2009  4:19 PM  Page 220



 

8. See reference 4.
9. Commission for Africa (2005) Action for a Strong and Prosperous Africa, London,

p249.
10. See reference 9: Commission for Africa (2005), p51.
11. See, for instance, Conway, D. (2005) ‘From headwater tributaries to international

river: observing and adapting to climate variability and change in the Nile basin’,
Global Environmental Change, vol 15, pp99–114.

12. Jackson, I. J. (1989) Climate, Water and Agriculture in the Tropics, second edition,
Longman, London.

13. For instance, between 1931 and 1990 there were significant increases in the intensity
of extreme rainfall events in about 70 per cent of South Africa. Increases in the
intensity of high rainfall events have been greatest for the most extreme events. See
Mason, S. J., Waylen, P. R., Mimmack, G. M., Rajaratnam, B. and Harrison, M.
(1999) ‘Changes in extreme rainfall events in South Africa’, Climatic Change, vol 41,
pp249–257.

14. IPCC (Intergovernmental Panel on Climate Change) (2007) Climate Change 2007:
The Physical Science Basis: Summary for Policymakers, WHO, UNEP,
www.aaas.org/news/press_room/climate_change/media/4th_spm2feb07.pdf.

15. For example, in the Blue Nile region of the Nile Basin, predictive models produce
divergent results for rainfall changes in the crucial summer monsoon season. In the
White Nile system, the various models agree on a winter increase in rainfall, but
disagree on the size of that increase. They are inconsistent on how the summer
monsoon will change. The models are consistent for small decreases in winter rainfall
in the Nile Delta and for large decreases in the summer; but these are unlikely to be
significant as rainfall is negligible in these months. See reference 13: Mason et al
(1999).

16. IMF and World Bank (2006) Clean Energy and Development: Towards an Investment
Framework. DC2006-0002, Environmentally and Socially Sustainable Development
Vice-Presidency and Infrastructure Vice-Presidency, World Bank, Washington, DC,
pviii.

17. Mason, S. and Joubert, A. (1997) ‘Simulated changes in extreme rainfall over
southern Africa‘, International Journal of Climatology, vol 17, pp291–301.

18. Ayoade, J. and Akintola, F. (1980) ‘Flood perception in two Nigerian cities’, Environment
International, vol 4, pp227–280; also French, G., Awosika, L. and Ibe, C. (1994) ‘Sea-
level rise in Nigeria: Potential impacts and consequences’, Journal of Coastal Research
no 14, Special Issue, pp1–45; Muoghalu, L. and Okonkwo, A. (1998) ‘Effects of
urban flooding in Akwa, Anambra state, Nigeria’, Environmental Review, vol 2,
pp72–81; and Ologunorisa, E. (1999) ‘Flood hazard perception and adjustment in
Ondo, southwestern Nigeria’, Journal of Nigerian Affairs, vol 4, pp172–193.

19. Akintola, F. (1994) ‘Flooding phenomenon’, in Filani, M. O. et al (eds) Ibadan
Region, Rex Charles Publications in association with Connel Publications, Ibadan,
pp244–255.

20. Babatolu, J. (1997) ‘The June 24th 1995 flood in Ondo: Its antecedents and
incidents’, Ife Research Publication in Geography, vol 6, pp158–164; also Oriola, O.
(1994) ‘Strategies for combating urban flooding in a developing nation: A case study
from Ondo’, The Environmentalist, vol 14, pp57–62.

Unjust Waters 221

Chapter 09.qxd  4/30/2009  4:19 PM  Page 221



 

21. Olaniran, O. and Babatolu, J. (1996) ‘Recent changes in rainfall pattern and its
implications for flood occurrence in Ondo, Nigeria’, Ondo Journal of Arts and Social
Sciences, vol 1, pp125–136.

22. Singh, A., Dieye, A., Finco, M., Chenoweth, M. S., Fosnight, E. A. and Allotey, A.
(1999) Early Warning of Selected Emerging Environmental Issues in Africa: Change and
Correlation from a Geographic Perspective, United Nations Environment Programme,
Nairobi, Kenya.

23. See reference 7.
24. Sachs, W. (2006) ‘Climate change and human rights’, The Pontifical Academy of

Sciences Scripta Varia, vol 106, pp349–368.
25. Nicholls, R., Hoozemans, F. and Marchand, M. (1999) ‘Increasing flood risk and

wetland losses due to global sea-level rise: regional and global analyses’, Global
Environmental Change, vol 9, ppS69–S87.

26. For instance, parts of Lagos are 2m below sea level. Many slum dwellings are built
on stilts over swamps and other wetlands. An extreme ten-hour rainfall in Port
Harcourt on 14 July 2006 drove out 10,000 residents and caused widespread traffic
chaos. The Niger Delta frequently experiences flood problems, aggravated by
structures such as the Port Harcourt–Patani–Warri Highway that cuts across natural
drainage lines and acts as a barrier to floodwaters. The blockage of channels by debris
and the obstruction of flood paths by new construction were seen as the main
obstacles contributing to the Port Harcourt flooding. See Abam, T., Ofoegbu, C.,
Osadebe, C. and Gobo, A. (2000) ‘Impact of hydrology on the Port
Harcourt–Patani–Warri road’, Environmental Geology, vol 40, pp153–162.

27. Banjul could disappear in 50 to 60 years through coastal erosion and sea-level rise,
putting more than 42,000 people at risk. See Jallow, B., Toure, S., Barrow, M. and
Mathieu, A. (1999) ‘Coastal zone of The Gambia and the Abidjan region in Côte
d’Ivoire: Sea-level rise vulnerability, response strategies and adaptation options’,
Climate Research, no 6, Special Issue, pp137–143.

28. El-Raey, M., Dewidar, K. R. and El-Hattab, M. (2004) ‘Adaptation to the impacts
of sea-level rise in Egypt’, Mitigation and Adaptation Strategies for Global Change, vol
4, pp343–361.

29. Magadza, C. H. D. (2000) ‘Climate change impacts and human settlements in
Africa: Prospects for adaptation’, Environmental Monitoring and Assessment, vol 61,
pp193–205.

30. Independent Evaluation Group (2006) Hazards of Nature: Risks to Development: An
IEG Evaluation of World Bank Assistance for Natural Disasters, World Bank,
Washington, DC, p48.

31. Smit, B. and Wandel, J. (2006) ‘Adaptation, adaptive capacity and vulnerability’,
Global Environmental Change, vol 16, pp282–292.

32. Montz, B. E. and Gruntfest, E. (2002) ‘Flash flood mitigation: recommendations for
research and applications’, Environmental Hazards, vol 4, pp15–22.

33. Comfort, L., Wisner, B., Cutter, S., Pulwarty, R., Hewitt, K., Oliver-Smith, A.,
Wiener, J., Fordham, M., Peacock, W. and Krimgold, F. (1999) ‘Reframing disaster
policy: The global evolution of vulnerable communities’, Environmental Hazards,
vol 1, pp39–44.

34. Cross, J. A. (2001) ‘Megacities and small towns: different perspectives on hazard
vulnerability’, Environmental Hazards, vol 3, pp63–80.

222 Risk and Vulnerability for Cities

Chapter 09.qxd  4/30/2009  4:19 PM  Page 222



 

35. CAS = Country Assistance Strategy; PRSP = Poverty Reduction Strategy Paper.
36. See reference 30: Independent Evaluation Group (2006), p35.
37. See reference 30: Independent Evaluation Group (2006), p67.
38. See reference 30: Independent Evaluation Group (2006), p49.
39. United Nations (2005) Report of the World Conference on Disaster Reduction, Kobe,

Hyogo, Japan, 18–22 January 2005, A Conf 206/6, United Nations, New York, p19.
40. Adger, W., Huq, S., Brown, K., Conway, D. and Hulme, M. (2003) ‘Adaptation to

climate change in the developing world’, Progress in Development Studies vol 3,
pp179–195; also Pelling, M. (1999) ‘The political ecology of flood hazard in urban
Guyana’, Geoforum, vol 30, pp240–261.

Unjust Waters 223

Chapter 09.qxd  4/30/2009  4:19 PM  Page 223



 

Chapter 09.qxd  4/30/2009  4:19 PM  Page 224



 

10

Urban Poverty and Vulnerability to Climate
Change in Latin America

Jorgelina Hardoy and Gustavo Pandiella

Introduction

In Latin America, climate change and variability come to people’s attention as
extreme weather events such as floods, droughts, extreme temperatures, heavy
rains and storms. These events are perceived as unusual and extraordinary and,
over subsequent days, the media is full of press releases detailing how many
people were killed, injured or displaced. Authorities and experts comment on the
status of the situation, its causes and what should be done to prevent future
disasters. However, a few days later everything is forgotten, although those who
have been displaced or whose homes have been damaged continue to struggle
with the situation. Much the same happens with the general coverage and
information around disasters not caused by extreme weather. Many factors
contribute to this kind of thinking. Some are related to old paradigms, which see
disasters as occasional ‘natural’ extreme events rather than as caused by the lack
of attention to risk reduction prior to the extreme event. Others have to do with
the lack of rigorous data collection and analysis of the impact of disasters at
country, regional and local level, so the information needed to justify actions and
guide decisions on disaster prevention is not there. But much of it has to do with
the long evident incapacity of governments to address risk and to integrate
development with the reduction of vulnerability. In the city, hazards and
vulnerability combine and reinforce each other, increasing the level of risk.

Much urban expansion in Latin America has taken place over floodplains or
up mountain slopes, or in other zones ill suited to settlement, such as areas prone
to flooding or affected by seasonal storms, sea surges or other weather-related
risks. Mostly low-income groups occupy these dangerous sites. Usually, these
areas were left vacant (and low-income households allowed to build on them)
only because of the environmental conditions that make them so vulnerable and
because of their lack of infrastructure and services. In most cases, the poor have
no formal tenure of the land and face not only environmental risks, but also the
risk of eviction. Left with no alternative, low-income groups inhabit overcrowded
houses in neighbourhoods with high population densities, although, in many
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cases, informal settlements have been developed with layouts that include
provision for road networks that would allow service installation and
neighbourhood regularization in the future. In these neighbourhoods, houses are
usually built with inadequate materials, making them damp and cold in winter
and very hot in summer.1 Meanwhile, within local governments there is generally
an institutional incapacity to address this issue or to control pollution and protect
natural resources, as well as a lack of accountability to the citizens in their
jurisdiction and little or no scope for citizen participation.

The lack of attention to the risks faced by large sections of the urban
population from extreme weather puts many people at high risk from the likely
impacts of climate change, including storms, flooding, landslides, heat waves and
drought, and overloaded water, drainage and energy supply systems. High levels
of risk are particularly evident for those who inhabit dangerous sites and lack the
resources and options to modify their vulnerability. Many urban inhabitants who
lack safe and sufficient freshwater provision may face additional problems, as
climate change contributes to constraints on freshwater supplies. Thus, climate
change contributes another level of stress to already vulnerable cities and
populations, adding to the inadequacies in water and sanitation coverage, poor
solid and liquid waste collection and treatment, pollution, poverty and
unemployment, lack of participation, and inadequate governance structures
(including corruption). There are so many problems that there is an urgent need
to address them in an integrated way.

Three-quarters of Latin America’s population live in urban areas, a much
higher proportion than in Asia and Africa.2 In many countries in the region, a
high proportion of the urban population lives in one or two very large cities.
National economies, employment patterns and government capacities are also
very dependent upon these large cities, which makes them extremely vulnerable.
Any disruption can easily affect the whole country in terms of production, service
provision, functioning of government institutions and the national economy.
However, the growth of very large cities has been less than anticipated, with
higher growth rates concentrating in mid-size or small cities and urban centres or
on the periphery of metropolitan regions.

Latin American urban centres have developed within a great range of
environments, from sea level to more than 3000m above sea level,3 and in a variety
of geographic and topographic locations. Although some have made considerable
improvements regarding environmental risk management, these are the exceptions.
In general, city governments have not implemented the controls and governance
mechanisms that are essential to keeping environmental problems in check.4

A significant proportion of the region’s population remains very poor.
Estimates for 2006 indicated that 36.5 per cent of the region’s population was
living in poverty (194 million people) with 13.4 per cent in extreme poverty (71
million people) – although there has been a general trend towards poverty
reduction up to 2008 (unlike the 1990s). By 2006, the number of people living in

226 Risk and Vulnerability for Cities

Chapter 10.qxd  4/30/2009  4:19 PM  Page 226



 

poverty in urban areas was nearly twice that in rural areas, while the number in
extreme poverty was similar (35 million in urban areas, 36 million in rural areas).5

Most national governments have been unable to reduce absolute poverty
levels or the very high disparities in income distribution, which have increased
particularly since the 1970s. Within Latin America, the wealthiest 10 per cent of
the population has between 40 and 47 per cent of a nation’s income, while the
poorest 20 per cent has only 2 to 4 per cent.6

The population that has been most affected by extreme weather events in the
past provides a basis for identifying those most likely to be at risk from such events
in the future.7 But the available data on this are very limited. Although the
combination of hazards and vulnerability generates environmental risks that are
part of everyday life for large sections of the urban population, the number of
deaths, serious injuries and loss of assets from these is not known. There are some
data on the number of deaths and injuries for events registered as disasters; but this
is known to be a small proportion of all those killed or injured by floods and storms,
in part because the criteria for what constitutes a ‘disaster’ means that ‘small’
disasters go unregistered in official records. When flood deaths are recorded only for
events in which at least 10 people died and/or at least 100 were reported as
affected,8 the number of deaths from floods is likely to be greatly underestimated.9

Without adequate adaptation measures, climate change is likely to mean that the
impact and frequency of small and not so small extreme weather disasters will
increase.

The availability and quality of data on the impacts of extreme weather or
other hazards is a problem throughout the region. Data from different sources
exist – for instance, from each government agency, hospital, health and education
centre or private firm – but are difficult to obtain and to compare because
institutions manage their data in different ways and use different timeframes and
geographic scales. This makes it difficult to build an accurate picture of impacts.
For example, in Argentina, there is no agreed estimate of the population living in
informal settlements. In 1995, researchers were already pointing to the
limitations in the information needed to address risks – for instance, regarding
tenancy, quality of housing and infrastructure, and access to basic services – and
to the lack of studies or particular methodologies to study environmental
conditions in low-income neighbourhoods and poor consolidated urban areas.10

Also of concern then (as now) is that official data such as censuses are so
aggregated that they are of little use to local-level action programmes. Non-
governmental organizations (NGOs) may gather data in informal settlements
where they work, and there are insights from numerous micro-level studies;11 but,
in general, there is little information on the different groups within the poor and
on their different needs and priorities, and little of the kind of data needed to
guide actions in ways that address root problems. Besides, situations change and
it is difficult to keep track of these changes. Community mapping is interesting
as it may provide a local perception of problems and an information base that can
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be updated and combined with local government data and perceptions, providing
a much more accurate picture of reality at the local and micro-local level.

Vulnerability and adaptation in urban areas

Adaptations undertaken at community level, making use of traditional knowledge
to reduce the effects of climate-related disasters, can be translated or improved in
the face of climate variability and change. However, most of these examples are
rural and include mechanisms for coping with droughts and floods. The
agricultural sector has been adapting autonomously to climate variability using
different seed varieties and technologies, adjusting times of sowing and harvesting,
and moving spatially. But there is little evidence of adaptation in urban areas –
perhaps not surprisingly in a context where national and local governments have
never shown much interest in addressing vulnerability and managing risks.

The next section looks at six aspects of vulnerability:

1 Who lives or works in the locations most exposed to hazards related to the
direct or indirect impacts of climate change (e.g. on sites at risk of flooding or
landslides)?

2 Who lives or works in locations lacking the infrastructure that reduces risk
(e.g. from serious floods where settlements lack drains)?

3 Who lacks the knowledge, capacity and opportunities to take immediate
short-term measures to limit impacts (e.g. to move family members and assets
before a flood hits)?

4 Whose homes and neighbourhoods face greatest risks when impacts occur
(e.g. homes of poorer quality, which provide less protection for inhabitants
and their possessions/physical assets so that there is more loss, often including
death and serious injury)?

5 Who is least able to cope with impacts (illness, injury, death, loss of property,
loss of income, lack of insurance or relation to government to get
compensation)?

6 Who is least able to adapt to avoid impacts (e.g. by building better homes,
getting government to install needed infrastructure and to provide needed
disaster preparedness, and moving to a safer place)?

It must be recognized that adaptation cannot eliminate all risks from extreme
events; so a critical part of adaptation lies in the resources, institutions and
networks needed for rapid and effective immediate post-disaster response and for
rebuilding homes and livelihoods.

Owing to the lack of local-level data, it has been difficult to find local case
studies that illustrate all six of the above aspects. It is also difficult to separate
processes and aspects of vulnerability when, in reality, these categories overlap and
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reinforce each other. For example, most of those who live or work in floodplains
without the infrastructure to reduce risks are also poor and lack both the power to
press for needed flood controls and suitable land and the insurance to protect their
properties (houses and possessions) and health. Any case study can easily be
relevant to several of the six aspects; but there may not be the data to illustrate each
aspect. In addition, any of the adaptation measures implemented (autonomously
or led by government) will have to compete with many other pressing needs.

Six aspects of vulnerability

Who lives or works in the locations most exposed to hazards related to the direct
or indirect impacts of climate change?
In urban areas, when the land available for housing is scarce and/or unaffordable
for low–income groups, the choices for location are limited. Individuals and
households make choices that reflect priorities and trade-offs – for instance, with
regard to location/accessibility, availability, type of ownership (private or state
owned), security (i.e. the likelihood of eviction), possibilities of service provision
and regularization, and cost. In some cases, land is occupied by organizations of
dwellers who select a piece of land and prepare an urban plan with plots and
streets. Once settled, they struggle for services, negotiate for regularization and,
where natural and environmental conditions generate risks, demand solutions
from government.

In most Latin American cities, there are concentrations of low-income
households on land sites at high risk from extreme weather.12 For example, an
estimated 1.1 million people live in the favelas of Rio de Janeiro that sprawl over
the slopes of the Tijuca Mountain range. Housing conditions here have improved
over time, with better-quality building materials and public services such as
electricity, water and sewerage. In many places, however, the paving of sidewalks
has increased runoff in the rainy season to the point where water is ankle or knee-
deep between houses. Water runs down from the mountain through cemented or
quasi-natural watercourses, flooding lowlands. The accumulation of uncollected
wastes also blocks drains and surface runoff. More intense or prolonged rains will
increase risks in the area.13

The city of Santa Fe in Argentina (with a population of 489,595 in 200114)
has expanded increasingly onto the Río Salado floodplain. To defend itself from
floods, it had to create embankments and dykes. A flood in 2003 displaced
139,886 people (one third of the city population) and 27,928 households were
affected.15 Official statistics indicate there were 23 deaths, although local sources
suggest there were at least 100 more than this. There were also 180 cases of
leptospirosis and 200 cases of hepatitis. Economic losses were estimated at
approximately US$1 billion: US$752 million from losses in agriculture – cattle
production, industry and commerce; US$180 million from infrastructure; and
US$91 million in the social sector.16 Actual losses were much larger than this but
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were hard to measure (e.g. work and school days lost and the impossibility of
carrying out informal activities to generate income). Among the factors
contributing to the flood were increased and more intense rainfall and
deforestation and land-use changes around the city – but the flood caught the city
authorities completely unprepared, even though the Instituto Nacional del Agua
(INA) was monitoring water flows and had informed city and provincial
government.17 More floods during 2006 to 2007 also caught the government
unprepared: there were several deaths, tens of thousands of people had to be
evacuated, highways and roads were flooded and bridges brought down. Again,
one third of the city became a shallow lake – the same part of the city that was
hit by the 2003 flood (see below for how the lack of infrastructure and
preparedness plans contributed to this). City authorities recognized that in the
last 50 years there had been no official urban land policies and people had settled
where and how they could, prioritizing proximity to work places or social
networks. But the lack of policies is also a way of doing politics.18

Buenos Aires has had a significant increase in annual rainfall over recent
decades and increasing numbers of intense rainfall events (e.g. more than 100mm
in 24 hours).19 According to DesInventar, between 1990 and 1998, 24 flood
events occurred, affecting neighbourhoods of different income levels.20 Other
data indicate that between 1985 and January 2003, 35 flood events affected the
metropolitan region.21 The areas most at risk are the low-lying lands of the lower
basins of the rivers Reconquista and Matanza-Riachuelo, and these lands have
high concentrations of informal settlements.22 No thorough studies have looked
at flood events from the perspective of those most affected; but the location of
informal settlements within the metropolitan area historically has been on
disadvantaged lands, including low-lying coastal lands.

Quito, in Ecuador, is another city where hazards and vulnerability combine
to create risk. The city is at the foot of the Pichincha volcano, on very steep
slopes. Its population has increased fourfold over the last 30 years or so and a
combination of problems (economic crisis, debt, population growing far faster
than government can keep up, a lack of planning) has led to legal and illegal
occupation of slopes. The costs of providing services and infrastructure to these
areas are very high, especially for illegal settlements. The lack of sewers and
drainage systems increases the risk of floods, while the lack of proper waste
collection systems results in waste accumulation in ravines and gorges, which
clogs natural water flow and generates floods and landslides.23

The metropolitan district of Caracas has suffered from recurrent disasters.
Much of the city is built on slopes, with many gorges that lead to the main city
river, the Guaire. In 1993, 41.5 per cent of the population lived in low-income
neighbourhoods and, while the general population increased by 300 per cent
between 1950 and 1990, the population in low-income neighbourhoods (zonas
de ranchos) increased by 878 per cent, resulting in far higher population
densities.24 As the city has expanded, land has become more impermeable,
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increasing water runoff. Without planning, low-income neighbourhoods have
occupied unstable land and gorges; together with waste accumulation, they act as
barriers to water runoff.25 In December 1999, Venezuela experienced a 1-in-100-
year rainfall with massive landslides and floods that killed hundreds of people.
The rainfall was unusual in its intensity, the time of year and in that it was not
produced by either a hurricane or a tropical cyclone. The death toll among people
settled on slopes and on low-lying lands was very high.26 Eight states were
affected, but especially Vargas. The area is heavily urbanized, with high
population densities on a narrow strip between the mountains and the sea, and
crossed by 37 rivers and 42 canyons. Rapid urban growth led to the occupation
of slopes with no controls (the rich occupying floodplains and areas near
riverbanks, while poor households settled on slopes and near ravines).27 The
metropolitan area of Caracas occupies a valley measuring approximately 30km
east to west and 5km north to south. Although it is a relatively small area,
coordination between different administrative units (municipalities) has proved
difficult. Several efforts are under way; but there are difficulties in translating a
theoretical model of risk management into practice.28

Intense rains in January 2006 affected several areas in Bolivia, including the
city of Viacha, where the Río Pallina overflowed – a result of heavy rains combined
with the dumping of city waste into the watercourse and a lack of cleaning and
maintenance of the area. Settlements on the periphery of Viacha have expanded
spontaneously, and regularization and basic services come after residents have
settled; most houses do not have approved plans or legal tenure. Those most
affected by the rains were low-income groups, with the disaster occurring at the
same time as an economic and political crisis, making it very difficult to implement
the needed actions in time. Residents recall former floods in 1985 and 1995, when
sewage overflowed onto the streets and damp crept into house foundations; but
none were as heavy as the 2006 floods. Demands on local government have been
constant.29 In Bolivia, 51 per cent of the urban population is poor. Migration from
rural areas is an important part of the demographic and physical expansion of cities
such as La Paz, Santa Cruz, Trinidad and Cochabamba, and in all of these there are
risks of floods, hailstorms, droughts and landslides, with low-income groups settled
in peri-urban areas being at particular risk. In January 2007, during floods in
Cochabamba, 60 houses collapsed.30

During Hurricane Mitch, 30 per cent of the central district of Honduras,
including the cities of Tegucigalpa and Comayaguela, was destroyed. Most
damage was concentrated around the four rivers that cross these cities. Obsolete
and inadequate city infrastructure, especially water, sanitation and drainage, a
lack of zoning codes, the concentration of services and infrastructure in only a
few centres, a lack of official prevention and mitigation strategies, together with
inappropriate management of the river basins all combined to create the levels of
vulnerability seen in Honduras’ capital;31 78 per cent of Tegucigalpa’s drinking
water supply pipelines were destroyed.
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Who lives or works in locations lacking the infrastructure that reduces risk?
Many of the urban neighbourhoods most at risk from extreme weather are made
even more vulnerable by the lack of infrastructure and services, and often by
physical changes to the site or its surrounds. The metropolitan region of Buenos
Aires has a large deficit in the infrastructure needed to keep risks to a minimum,
including provision for water, sanitation and drainage – although with large
disparities between the wealthier and the low-income municipalities in the quality
and extent of provision. Buenos Aires has an old drainage system, planned for half
the current population and designed to work in the context of open spaces and
vacant land that no longer exist. In 2001, record levels of precipitation caused large
parts of the urban infrastructure to collapse, a situation that has now become
recurrent.32

The devastating floods experienced by Santa Fe described above were due, in
part, to incomplete or unmaintained infrastructure. Infrastructure may also
generate a false sense of security, leading to a disregard of important non-structural
measures. In Santa Fe, where land use has not been regulated, recommendations
for avoiding the occupation of low areas were not enforced. A member of a local
foundation complained that local authorities favour the settlement of at-risk areas
by bringing piped water and electricity to the neighbourhoods ‘where they have
their loyal voters’.33 Infrastructure to defend certain city areas was supposed to be
in place shortly after 1998, but was never completed because of a lack of resources;
and the construction of road infrastructure, such as the highway connecting the
city with Rosario, created barriers to water runoff. Five years previously, studies
had pointed to the need to double the size of the highway’s bridges. The pumps
and drainage systems installed to evacuate water in protected areas did not work
because of vandalism and lack of maintenance.34

The city of Pergamino in the Pampas of Argentina also faces more frequent
floods due to a combination of increased rainfall since the 1970s, land-use
changes without a proper urban plan, and the lack of drainage systems and proper
waste disposal.35

Besides the fact that basic services and infrastructure such as water and
sanitation and proper waste collection and disposal decrease health risks, when
they are in place, excess water drains more easily, cesspits do not overflow and
wastes do not clog drains and channels. In Latin America, sanitation has
improved; however, in 2004, 125 million people (14 per cent of the urban
population) still lacked a basic sanitation system36 and a significantly higher
proportion lacked good-quality provision for sanitation and drainage.37

Who lacks knowledge, capacity and opportunities to take immediate short-term
measures to limit impacts?
The devastation caused in so many low-income settlements by extreme weather
is not necessarily a matter of lack of knowledge or capacities by their residents,
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although this may be the case for some new migrants. For residents of informal
settlements, there are often risks associated with moving away from their homes
because of an approaching storm or likelihood of a flood, even when advised to
do so – for instance, losing valuables to looters, uncertainty about provisioning
for their needs in the places they move to, and the worry of not being allowed
back if the settlement is damaged. There are also uncertainties about what the
weather forecast actually implies for each home and household, so decisions are
made in the context of stress and considerable uncertainty.

This uncertainty is not necessarily removed by official mechanisms to inform
the population on how to prepare and react in case of disaster. In the case of the
floods in Santa Fe, the accuracy of the information was doubtful. In addition, the
lack of appropriate information and official evacuation mechanisms stopped
many from evacuating promptly. The sense of insecurity for those living in
informal settlements and the knowledge that looting usually accompanies
flooding made many stay to protect their homes and assets. There is no official
information regarding the post-disaster situation in Santa Fe, although different
newspapers mentioned that many were not able to return to their houses or that
government agencies intended to move them to other city areas far away from
social and family networks, work and schools.

A case study of 15 disaster-prone ‘slum’ communities in El Salvador also
shows the difficulties in getting appropriate risk reduction action at
neighbourhood level. Households recognized the serious risk of flooding and
landslides and took measures to lower risks. But various factors limited the
effectiveness of community-wide measures, including the individualistic nature of
households’ investments, the lack of representative community organizations and
the lack of support from government agencies, with most residents viewing local
and national governments as unhelpful or even as a hindrance to their efforts.38

In the case of a low-income community (El Zanjon) on the banks of the
Matanza Riachuelo River in Buenos Aires, the lack of advance warning has long
hindered the community from taking appropriate action before floods arrive. In
2004, the neighbourhood was flooded and a few days later, filmmakers produced
a video showing the situation and suggesting links to climate variability and
change. Local inhabitants reported that they never knew in advance when the
floods were coming even though there was official information regarding
precipitation, tides and water levels. The video was used to generate awareness
among the community and at different decision-making levels within
government agencies, while a community early warning system was developed: a
telephone line was installed so that port authorities could call a resident, and a
system of whistles was set up to alert neighbours.39

There are examples of low-income populations that lack the knowledge to
cope with risk. For example, in Brazil, new migrant populations from the arid
north-east, with no personal experience of mudslides, arrive in Rio de Janeiro and
settle on the hillsides. As they clear these areas for their homes, they remove the
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protective vegetation cover despite government efforts to protect these areas. The
lack of personal knowledge of local risk and of appropriate building techniques
hinders safer practices – although many other factors also contribute, including
the prevalence of crime and violence that inhibit social cohesion. Over the last 15
years, there have been large public programmes to improve conditions in the
favelas, including investment in basic infrastructure, health and education for half
a million poor residents.40

Whose homes and neighbourhoods face greatest risks when impacts occur?
In informal settlements, houses are usually built incrementally over a number of
years, with materials of diverse origin and quality and not always following
accepted techniques. These houses rarely comply with official safety standards
and there are no controls in place. Most buildings are used intensively – with high
levels of overcrowding and a mix of living and working spaces. This is often
combined with a lack of maintenance and with environmental conditions (e.g.
humidity from proximity to river edges and coastal areas) that cause rapid
deterioration. Houses are not as solid or as insulated as they should be and are
often built on inadequate foundations (many on landfill or unstable land). In the
suburbs of Buenos Aires, in low-lying lands, each resident contracts trucks to
bring solid waste to their piece of land and later compact it as best they can. There
is no coordination between neighbours, so plots end up on different levels; when
it rains, some are flooded more than others. The natural drainage of the larger site
has been totally modified without incorporating the necessary drainage
infrastructure. Families often end up with water in their houses for up to a day
when heavy (but not exceptional) rains occur. Houses built on stilts are rare in
Buenos Aires – although there are examples, mostly in traditional low-income
coastal areas (e.g. La Boca–Barracas, Isla Maciel and some neighbourhoods in
Avellaneda, south of Buenos Aires, or Tigre, in northern Buenos Aires). Most
relatively new low-income settlements have not incorporated such measures,
although building two-storey houses would allow valuable assets to be moved to
the higher floor. However, this cannot always be done because of the costs and
skills necessary to build two-storey houses.

Most low-income groups live in housing without air conditioning or adequate
insulation, and during heat waves, the very young, the elderly and people in poor
health are particularly at risk.41 In northern Mexico, heat waves have been
correlated with increases in mortality rates; in Buenos Aires, 10 per cent of
summer deaths are associated with heat strain; and records show increases in the
incidence of diarrhoea in Peru.42 Cold spells are also becoming more frequent, and
without proper heating and housing insulation they are also difficult to cope with.
In July 2007, it snowed in Buenos Aires for the first time in almost 100 years.
There are no available data, however, on death tolls and health impacts related to
unusual and extreme temperatures.
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The expansion of dengue, malaria and other infectious diseases is related to
changes in temperature and precipitation. No studies that we know of specifically
associate disease risks and vulnerability to climate change. However, we can
assume that low-income groups and, in particular, vulnerable age groups will be
more at risk since they live and work in homes and neighbourhoods where public
health measures to eliminate disease vectors are absent or ineffective. They also
have to rely on overtaxed and often ineffective healthcare systems and lose school
and work days to health problems that should have been prevented. Most work
in the informal economy and, thus, lack insurance to cover lost workdays.

Who is least able to cope with impacts?
The most vulnerable groups (low-income groups, in general, women, children and
the elderly) seldom have an influential voice with regard to disaster preparedness
or responses. This applies, in particular, to those living in informal settlements
where government agencies refuse to work. The needs of infants, children and the
elderly often receive little attention. The same is generally true for women, who
also have less scope to take action. In the case of the Santa Fe floods, although no
precise data relate vulnerability to disaster, it has been recorded that, in general,
those most affected live in flood-prone areas that also lack drainage infrastructure.
Data from 2002 estimate that 63.7 per cent of the population of the city of Santa
Fe were below the poverty line and there was an unemployment rate of 23
per cent. Certain indicators point to people’s potential (or lack thereof ) for coping
with floods: in 2003, 46 per cent of Santa Fe’s population were under the age of
18 and 93.8 per cent of those under 18 were poor; 41 per cent of the households
had a female head; 80 per cent of the labour force worked within the informal
economy; 41 per cent lived in informal settlements; and 60 per cent had no health
insurance other than the public health system.43

A considerable proportion of the urban poor in Latin America are refugees,
fleeing wars and conflicts (including guerrillas and drug warfare), disasters and
environmental degradation. Even if many of these situations are unrelated to
climate events, they highlight who is most affected. These people move to urban
areas, leaving behind homes, social networks, family ties and assets. It takes a long
time to insert themselves into local communities and build ties and participate in
community organizations that can push for changes and negotiate with
government and utilities for neighbourhood improvements. Recent floods in the
city of Tabasco in Mexico generated between 60,000 and 100,000 refugees, who
moved to Playa del Carmen and Cancun in search of jobs and a place to live.44 It
is impossible to know where these people will ultimately settle; but none of these
cities were prepared to absorb so many migrants. Cancun, for example, was
transformed over a period of 30 years from a fishing town of 500 inhabitants to
the biggest tourist centre in Mexico, with 458,477 inhabitants. The city has a
wealthy hotel area on a sand barrier, which is totally at risk from storm surges and
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hurricanes but which has appropriate services and resources for protection and
recovery. The proper city, where most of the people serving the hotels or tourist
trade live, is also at risk from hurricanes; but many neighbourhoods are
impoverished and marginal, lacking services and adequate housing.45

In Colombia, between 1995 and 2005, 3 million people were displaced,
mostly by paramilitary and guerrilla activity. According to the Consultoría para los
Derechos Humanos y el desplazamiento Forzado (CODHES), women, children,
Afro-American and native communities have been the most affected. The majority
of the displaced move to nearby small urban centres or to mid-sized or large capital
cities; but they usually lack the education and job skills suitable for urban life, and
labour markets cannot absorb so many. Unemployment and low salaries are
common. On average, in 2005, a displaced family earned 40 per cent of the
minimum salary – evidence of the vulnerability of the displaced (who lose their
land, assets, social and cultural networks) and the disruption of families in the
process. Along with social and political unrest, much of Colombia is prone to
flooding, landslides, tropical storms, droughts and seismic activity. Many of the
displaced, already socially and economically vulnerable, move into marginal city
areas (prone to flooding and landslides, near waste dumps) and are even more
vulnerable than existing low-income city dwellers.

Migrants also take measures to address their vulnerability. In the suburbs of
Buenos Aires, migrants from Peru organize savings groups that are used, among
other things, for housing and household appliances. These savings groups are
based on trust between friends and family. Migrants who have moved abroad
often send remittances home – and remittance flows are greatly increased if
family members at home are hit by a disaster. These funds are an important
economic support for recovery.

Who is least able to adapt in order to avoid impacts?
Although Latin America has an abundance of freshwater resources, many cities
depend upon local rivers, underground water, lakes and glaciers that may be
affected by climate change. Considering city growth, environmental deterioration
and possible climate change impacts, these sources might not be enough to meet
demand. Cities such as Guadalajara in Mexico46 and many Andean cities may face
increasing water stress, and low-income groups who still lack adequate access to
water will be even less likely to obtain it unless there is strong political commitment.

Cities located in semi-arid regions are particularly vulnerable. Glacier
shrinkage reduces the storage of large quantities of water that are later released to
river networks during the dry season. Many cities in the Andes will face water
shortages during the dry season as a result of glacier retreat over the last few decades.
Examples include Ushuaia in Tierra del Fuego, which obtains water from the
Martial glacier, and Mendoza and San Juan in the Cuyo region in Argentina,
where 2 million people live distributed in eight oases. A study from the central
Andes of Peru indicates that the largest city in the region, Huancayo, with
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approximately 325,000 inhabitants, is already experiencing water shortages.
Retaining walls and small dams have been constructed on nearby lagoons; but
now these interventions are being called into question as they may have
contributed to water shortages, along with the increased demands that come with
population growth, land-use changes and deforestation. The situation is likely to
become more acute with climate change. Structural measures have not provided
expected outcomes, as they have been implemented within a framework of
institutional weakness, overlapping functions between offices, corruption,
political opportunism, weakened democracy and no stakeholder participation.47

Quito is another city that will face water shortages as a result of glacier
retreat. According to official studies, climate change is affecting mountain glaciers
and water availability through a reduction in surface and underground water, the
sedimentation of waterways, land-use modification, the emergence of conflicts
around water use, and increases in water use due to increased temperatures (see
below for a discussion of how the local government is preparing an adaptation
plan).48

The flooding in Santa Fe is also relevant to the issue of who is least able to
adapt to avoid impacts. In this city, knowledge about the risks and about what
needs to be done does not result in needed actions. The director of a local
foundation in Santa Fe noted after the floods that ‘there have always been heavy
rains in the city of Santa Fe’; he also noted that the contingency plan for flooding
was only on paper and that no one really knew what they were supposed to do.
There was no alert and evacuation system in place, although everybody knew that
more than 100,000 santafesinos were at risk and experts from INA had anticipated
the weather conditions. No studies have monitored the actions taken in Santa Fe
after the 2003 floods; but it seems that structural measures were proposed
(although not necessarily implemented) and public resources were used with
political aims.49 Civil society groups (including groups of evacuees) have been
unable to press government to implement the needed programmes and actions for
overall city improvement and risk reduction. Floods in 2007 once again exposed
the lack of official action. Recently, the municipality and the United Nations
Development Programme (UNDP) invited local organizations to the presentation
of a programme for the reconstruction of the city. The main proposal is the
relocation of those most affected by the floods and the construction of social
housing (1500 units) on vacant land in four different areas of the city near
transportation networks, with services and infrastructure. However, who
participates, who is relocated and which house prototypes are used are all decided
by the city authorities. Selection criteria will be based on a family’s vulnerability.
The way in which the programme is implemented will result in new
neighbourhoods with families from different places who will probably lose family
support and social networks.50

An ambitious plan to address flooding in Buenos Aires is under way with
support from the World Bank, which includes the modelling of drainage systems,
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the design of infrastructure works (structural measures) and the development of
city norms (non-structural measures) and procedures (management system). The
plan is based on historical climate records, with a 50-year horizon, and has not
taken into account climate change variables. The reason given is that there is
insufficient information to allow this, although the study recognizes that the
floods have worsened over recent decades.51 Meanwhile, an internal report from
the International Development Research Centre (IDRC) suggests that the
population at risk from flooding on coastal and estuary lands of the La Plata River
could be 1.7 million by 2070, three times the current figure. The property and
infrastructure losses for 2050 to 2100 could range from US$5 billion to US$15
billion. Meanwhile, low-income neighbourhoods and upper middle-income gated
communities continue to settle on low-lying lands.52

In most Latin American cities, upper middle- and high-income
neighbourhoods also settle in risk areas near rivers or coastal areas or on slopes; but
they have a choice and the assets (capital, contacts, power, etc.) to reinforce their
house structures, get protective infrastructure, and lobby for policies and actions
that protect their homes, neighbourhoods and possessions are also protected by
insurance.

Possible ways forward

A large and diverse body of promising experiences demonstrates how
community-based actions in low-income settlements (sometimes supported by
international agencies, local and national NGOs, state or national government
bodies and charities) can address the risks described above. Even though many of
these experiences are in response to risks that do not originate from the impacts
of global warming, they show how local governments, communities and other
social actors can work in collaboration or independently to reduce risks from
extreme weather and other likely impacts of climate change.

Regional or national networks and risk management programmes

Central America is within the hurricane belt and has a long history of trying to
cope with the effects. In 1998, Hurricane Mitch affected more than 1.2 million
people, and conservative estimates suggest US$8500 million worth of losses,
more than the annual GDPs of Honduras and Nicaragua combined. This set
development back for more than a decade. More recently, the unprecedented
hurricane season of 2005 shows how climate change may increase the intensity
and frequency of these natural events.

A range of programmes and networks has been set up in the region to better
prepare for disasters. In 1993, Costa Rica, El Salvador, Guatemala, Honduras,
Nicaragua and Panama created the Centro de Coordinación para la Prevención
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de los Desastres en America Latina (CEPREDENAC). This centre coordinates
development cooperation, information exchange and advice – seeking to
contribute to the improvement of decision-making in the region regarding risk
prevention and mitigation. In each country, a commission or national system for
risk management and disaster prevention was set up.

In 2000, the government of Nicaragua created the Sistema Nacional para la
Prevención, Mitigación y Atención de Desastres (SNPMAD), which integrates
different government levels, social actors and municipal and regional committees
for risk prevention and mitigation, with a clear focus on risk management.
Nicaragua is the second poorest country in the region and 60 per cent of its
labour force earns less than the amount needed to cover basic needs. Economic
and political crises add to international context, droughts, floods and hurricanes.
Estimates of economic losses between 1978 and 2000 are around US$4 billion.
The system aims to articulate with municipal committees the work at the local
level, strengthening networks and horizontal relations. A national fund has also
been created to support the work.53

After Hurricane Mitch, El Salvador developed an early warning system and
prepared the communities for emergencies. At the same time, it created an office
for risk management.54

The Andean region is also working on disaster preparedness; although this is
not specifically related to climate change, it may improve the potential to share
knowledge and capacities, allowing countries to adapt more easily to climate
change. Capital cities in the region55 are taking part in a project to strengthen
local capacities for risk management. During the last three decades, the Andean
region urbanized rapidly, with the urban population rising from 30 to 75
per cent. Most low-income settlements are located on steep slopes. The Proyecto
Regional de Reducción de Riesgos en Capitales Andinas (RLA/51467) is funded
by the UNDP and DIPECHO.56 It aims to establish alliances between local
mayors and produce information exchange, tools and local norms and regulations
that include risk management within local development plans.57

In terms of risk management, particularly after Hurricane Mitch and, later,
Stan, Central American countries have recognized that disaster management is
not the exclusive concern of civil defence institutions or a single organization,
but, rather, an integral part of policies and actions at different government levels,
involving different sectors and offices.58 However, these programmes and
networks have usually been set up at the national level, without sufficient
coordination and implementation at the local level and with weak links to key
sectors and institutions such as housing and urban planning. The emergency
aspects of disaster remain deeply rooted within the institutions of the region.59

Risk reduction is not really being addressed and many governments and
international aid organizations continue to favour structural measures over non-
structural, even though they have shown their limitations.
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City-level risk management programmes or implementation of
some of its components

Some of the cities that are best prepared for disasters are those affected
periodically by seismic movements and hurricanes. During recent years, they have
made improvements to include risk management within their local development
plans and have set up warning systems.

Several municipalities (alcaldías) that are part of the metropolitan district of
Caracas are undertaking actions to reduce risk within a broader framework of
habitat improvement. The municipality of Chacao has developed an early warning
system that aims to monitor gorges and alert dwellers about potential landslides,
thus reducing damage and loss of life. The municipality of Bolivariano Libertador,
where the Anauco neighbourhood is located (one of the areas that was most
affected by 1999 landslides), is implementing a project of social and physical
rehabilitation and a community warning system. Another municipality, El Hatillo,
is working on community capacity, building in risk protection and prevention.60

Some cities are addressing problems of freshwater resources. In the cities of
Jauja and Concepción, the implementation of such non-structural measures as
incentives for proper land use and water resource use, taking advantage of the
knowledge of the population, have shown good results for the rational
management of water resources and other environmental concerns that together
reduce risk.61

The city of Manizales in Colombia is well known for its ambitious
environmental improvement process, which includes Biomanizales (the city’s
environmental policy, operating since 1995 and integrated within the city’s
development plan) and the Bioplan (the city’s action plan to facilitate policy
implementation). Perhaps the main achievement is the programme’s integration
of local and regional government, the private sector, universities and
representatives of community organizations in a participative process that seeks
to reconcile different priorities and interests. The programme includes a pilot
project, Biocomuna Olivares, which was selected because of the area’s vulnerable
physical and social conditions. One of the activities involved relocating families
living on steep slopes and at risk of landslides and flooding. However, a report
mentions funding-related difficulties.62 Since the 1980s, the local government has
implemented a municipal disaster prevention system in line with its
environmental action, with risk management as an integral part of local policies.
A system of community preparedness and education, institutional coordination
and research are in place. In addition, tax reduction is given to those who
implement measures to reduce housing vulnerability. A system of collective
voluntary insurance has also been implemented for lower-income groups.63

In response to Hurricane Mitch’s impacts, the municipalities of La Masica,64

Arizona, Esparta, San Francisco and El Porvenir in Honduras founded an inter-
municipal association, Mancomunidad de los Municipios del Centro de Atlántida
(MAMUCA), to create a platform for dialogue and cooperation in preparation for
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extreme natural events and to coordinate local responses. There are around 80,000
inhabitants in the MAMUCA region, about 20,000 in each municipality. The
process involved participatory diagnosis and planning (taking stock of disaster risk
management capacities and identifying relevant actors), awareness-raising,
prioritization of strategic reconstruction activities, participation in local decision-
making through cabildos abiertos (public meetings of citizens) and involving
MAMUCA in the national disaster risk management system, COPECO
(Comisión Permanente de Contingencias). One of the main outcomes is a
significant improvement in evacuation action during rainstorms through
community-based disaster reduction practices, and the possibility of sustaining a
system of local emergency committees, CODELs (Comité de Emergencia Local),
integrated within municipal emergency committees, CODEMs (Comité de
Emergencia Municipal), and within COPECO. The CODEM is chaired by the
mayor and involves the participation of representatives of the local council and
local institutions (healthcare, police, fire department, Red Cross, etc.).65

Community organizations

In response to the rains and floods affecting the city of Viacha in Bolivia and the
lack of government support, neighbours organized themselves. Each affected area
(13 barrios) elected two representatives, from which seven were elected with
different responsibilities, creating the ‘association of those who suffered losses’
(Asociación de Damnificados de Viacha, or ADV). This organization coordinates
actions with the local government for resource distribution, housing reconstruction
and upgrading. However, the work with some of the neighbourhood associations
proved difficult as they ended up being indifferent to neighbours’ claims.66

Floods in 1992 affected seven provinces in northeast Argentina and 123,000
people had to be evacuated. The national government received an emergency loan
from the World Bank. A rehabilitation programme involved beneficiaries building
their own houses in six provinces and a related flood protection programme
included structural and non-structural measures. After ten years, more than 10,000
units had been built with services, on sites safe from flooding and constructed by
the same community members who had been affected by the floods. One of the
main assets was the transparency with which beneficiaries were selected and the
funds managed. Overall, the process led to improvements in relations between
different government levels and between government and community; it helped to
regularize urban areas and created a sense of ownership, and it integrated those
displaced by floods within the urban fabric through a participatory process.67

In the Barrio Parque Paso del Rey in the municipality of Moreno, Argentina,
a local community organization with a strong leader has organized a soup kitchen
that acts as an evacuation centre during floods caused by intense rains. The centre
is becoming more and more organized, staffed with beds, mattresses, food and
clothing. Evacuees have learned to read local conditions and know when to move
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to the evacuation centre. The occupation of marshlands and lagoons, coupled
with individual practices such as elevating plots or building small walls to keep
water out, has increased general flood risk in the barrio in successive years. Other
localities in Moreno, such as Mariló, also have evacuation places managed by the
community and an informal system for keeping track of river and stream water
levels. When the situation overwhelms community action, demands are made on
local government for mattresses, zinc sheets for roof replacement, etc.68

There are many examples outside the risk management sphere that involve
neighbourhood organizations and local NGOs negotiating for water and
sanitation, land regularization and environmental improvement. These are
examples of how communities can organize and achieve a common goal.

Adaptation to climate variability and change

México and Cuba are implementing a regional three-year pilot project on climate
change adaptation that aims to set up strategies, policies and adaptation
measures. It is being implemented by the Centro del Agua del Trópico Húmedo
para América Latina y el Caribe (CATHALAC) and coordinated by the UNDP.
This initiative aims to identify priorities at the local, regional and national level,
evaluating vulnerability and adaptation options.

The government of the city of Quito is putting in place several measures to
prepare for the impacts of climate change. The plan, promoted by the mayor and
set within the framework of the 2005 to 2009 government plan, includes emission
controls, the creation of a legal framework for pollution control, a plant for
methane catchment and treatment on the city’s landfill, and a metropolitan system
for risk management implemented by an emergency operation committee. They
are also aware of the need to analyse vulnerability and adaptation in the face of
climate change and to develop the institutional capacities needed to conduct these
actions. One area is climate change and water services. The government is
planning actions and projects to compensate for less freshwater availability, such
as the reduction of water losses along the network; creating a culture of rational
use of the resource; infrastructure works (dams); use of underground water
sources; and the development of mechanisms to reduce conflicts generated around
water use.69 Despite being one of the few cities in the region that is taking climate
change seriously and proactively, none of the actions suggested seem to integrate
community participation within planning and implementation or within an
analysis of the root causes of vulnerability – who, historically, has and has not had
access to water, whether they will be better off with new government plans, etc.

An initiative fostered by the Spanish government aims to set up a regional
network – Red Iberoamericana de Oficinas de Cambio Climático (RIOCC) (Ibero-
American Network for Climate Change Offices) – to generate links and
information exchange among the Spanish-speaking Latin American countries. This
is intended to support the development of responses to climate change problems
and facilitate consensus on responses.70
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Relations between stakeholders

Although important advances have been made, the relationships between local
communities, government and the private sector still need to mature. Since the
1980s, with the return to democracy of many Latin American countries, the
election of national, provincial and local governments came with a wave of
decentralization and municipalization, although not necessarily accompanied by
decentralization of resources, capacities and control mechanisms. Local
governments have had to assume increasingly diversified responsibilities while
being confronted with new urban residents (mostly poor) each year. For municipal
authorities, relations with different levels of government have proved complicated
and time consuming, especially if they come from different political parties. In
most Latin American nations, local government budgets depend heavily upon
national and provincial/state budgets and allocations.

Few would say that governments are truly representative. It is common for
presidents to concentrate power and control of resource allocations and for there
to be difficulties in keeping the executive, legislative and judicial bodies operating
independently.71 In Argentina, for example, the electoral system is based on lists
prepared by political parties in rather closed internal meetings, and citizens vote
for a list, not an individual.

Municipal authorities’ relations with their constituencies have also been
complicated. Many local governments, with a mix of arrogance and practicality,
find it easier to maintain tight control over what takes place within their
boundaries in case demand overwhelms them. Neighbourhood leaders affiliated
to political parties play an important role in the local community. Many manage
social programmes and networks operating in the territory, but rarely with any
accountability to the residents, and they may coerce citizens for support. It is
difficult to overcome the jealousy and mistrust that often accompany this lack of
accountability and transparency.

Another problem is the difficulty in integrating information, resources and
capacities between offices of the same government level and between different
government levels. In most cities, it is very difficult to put articulated and
integrated programmes into practice.

The need for adaptation and development

Adaptive capacity in Latin America is low.72 A background paper on impacts,
vulnerability and adaptation to climate change in Latin America notes the
difficulties in ensuring that adaptation assessment and planning move on to the
implementation of concrete actions.73 In part, this is due to the lack of certainty
regarding likely impacts, especially local impacts; in part, it is because of a lack of
resources and institutional capacities to address multiple and combined stresses
and processes. Other reasons are the slow rate at which national policies have
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included climate change variables74 and the difficulties in tackling root problems
when decision-makers lack the training and access to information75 (at different
scales) in the context of fiscal constraints and conflicts between different levels of
government. The difficulties in assessing vulnerability and adaptation options are
also important.

Most of the attention and funding by national governments relating to
climate change has been dedicated to preparing the national communications
required by the United Nations Framework Convention on Climate Change
(UNFCCC) and developing climate change mitigation options, mostly associated
with greenhouse gas inventories and emissions reduction programmes. These also
complement the governments’ international negotiation strategies.76 Much less
research and action has concentrated on urban adaptation and resilience.

The Global Report: Reducing Disaster Risk 77 notes that the lack of capacity
within governments to manage risks associated with past and present climate
variability may also mean a lack of capacity to deal with the direct impacts of
climate change. Taking advantage of lessons learned from climate variability and
applying them to climate change adaptation could also avoid duplication of
efforts. In practice, governments still tend to concentrate on emergency response
and recovery and have been slow to adopt an integrated disaster prevention and
preparedness approach, which needs an understanding of vulnerability and risk
accumulation processes and a capacity and willingness to work with those who
are vulnerable. So much of what has been learned about disaster prevention and
preparedness has direct relevance for climate change adaptation.

Risk management – whether or not related to climate change and variability –
should be an integral part of development policies. Most of the risks associated with
likely climate change in the next few decades are not new: they are already evident
although becoming more intense or frequent.78 It may also be the case, however,
that climate change and urban development can act to trigger new hazards in the
region.79

Although Latin America contributes only a small proportion of total
anthropogenic greenhouse gas emissions (between 4 and 5 per cent), by 2050, the
region’s share may grow to 9 per cent of global emissions.80 This suggests a need
to include some consideration of mitigation even if much more attention needs
to be given to adaptation.

Actions that integrate an understanding of the links between environmental
problems (including climate change and variability) and development have the
greatest potential to generate multiple benefits and provide the kind of measures
most needed in Latin America. Most of the best adaptation options are those that
would be taken even in the absence of climate change because of their
contribution to risk reduction and sustainable development.81 Although in recent
years there has been a change in the discourse of academics, technicians and
policy-makers on this, few practical cases exist of an integrated approach to risk
reduction. The norm is that research and risk management and development
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planning follow parallel tracks. The way in which disaster management is
implemented in Argentina is a clear example of the difficulty of translating
discourse into action, even though the Second National Communication
emphasizes the need to address multiple stresses together.82

Addressing the root causes of vulnerability to climate change is a challenge not
many in government are willing to face: ‘The political costs of redirecting priorities
from visible development projects to addressing abstract long-term threats are
great. It is hard to gain votes by pointing out that a disaster did not happen.’83

However, there is a promising body of diverse experiences that shows the ways
in which local governments, communities and other social actors can work in
collaboration or independently to achieve improvements at city or neighbourhood
level. This body demonstrates that community-based actions in low-income
settlements (sometimes supported by international agencies, local and national
NGOs, state or national government bodies, and charities) have made great strides
in recent years.84 Funds can be channelled effectively and efficiently to relatively
inexpensive community-based initiatives – using a wide variety of schemes, from
small loans or grants to small groups, to upgrading schemes, the installation of
water supply and sanitation projects and even to full community development
projects, including plans to manage risk related to water resources and water basins
at local and city level. The guiding principles should be that they foster long-term
solutions that respond to local needs, that they tackle more than one goal at a time,
and that measures are undertaken within a broad risk management programme
tied into long-term development goals.
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11

Thinking Globally, Acting Locally:
Institutionalizing Climate Change at

the Local Government Level in Durban,
South Africa1

Debra Roberts

Introduction

Durban is the largest port and city on the east coast of Africa with a total municipal
area of 2300km2 (see Figure 11.1). With a population of 3.5 million people and a
budget of 23.4 billion South African rand,2 it is one of South Africa’s most
important urban and economic centres. The local government structure responsible
for managing the city is known as eThekwini Municipality and this municipality
has become a leader in the field of local level environmental management.

Prior to the 1994 democratic transition in South Africa, environmental
management at the local government level received very limited attention. After
1994, however, new local government structures began to emerge in response to the
changing policy and legislative environment. Among these were structures with a
specific environmental management mandate and focus. The process of
democratization also resulted in a significantly revised development agenda. This was
an agenda aimed at righting the wrongs of the country’s apartheid past and ensuring
that the basic needs (i.e. jobs, housing, education, etc.) of all South Africans, not just
those of a select minority, were met in an equitable and just manner. Local
government was, and is seen, as a critical player in meeting this objective given its
direct interface with local communities and its pivotal role in service provision.

In many ways, this simultaneous elevation and revision of both the
environmental and development agendas has created a significant dilemma for
local government. This has manifested itself in a growing tension between the
need to introduce environmental issues and concerns into planning and decision-
making processes (often for the first time) and the need to expedite development
to address significant socio-economic needs. This tension was exacerbated by the
fact that environmental concerns are regarded as being of less significance than
development priorities in South Africa. For these reasons, the emerging
environmental management agendas of cities such as Durban were initially
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focused on issues that were relevant and related to local development pressures
(such as addressing air pollution in strategic economic development nodes).
Environmental matters that were of less immediate concern (i.e. that could not
be related directly to the development agenda of the day) or that were of less local
and political significance (such as biodiversity) tended to take a back seat during
this transition period.

In Durban, this tension between the environmental and development
agendas has never effectively resolved itself. It many ways, it has intensified due
to the growing (rather than declining) range of development challenges facing the
city. For example, Durban currently experiences:
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Figure 11.1 Location of the eThekwini municipal area

Source : Environmental Management Department, eThekwini Municipality
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• 43 per cent unemployment;3

• a housing backlog of 190,000 housing units;4 and
• high levels of HIV/AIDS infection (e.g. one third of pregnant women

attending public antenatal clinics are HIV positive).

There is also a growing (rather than declining) range of environmental challenges
faced by the city. For example, Durban:

• is located in a global biodiversity hotspot that is being negatively affected by
urban growth;

• has a manufacturing base that has caused significant environmental health
challenges in local communities; and

• has seen the negative impact of rapid development on riverine and coastal
ecosystems.

These challenges are both immediate and severe, and it is hardly surprising that
climate change (an issue that appears more remote and global in nature) has
remained – until relatively recently – a low priority on the municipality’s agenda.
In order to understand how the issue of climate change has become embedded in
the local government dialectic in Durban, it is necessary to understand how the
environmental management function of the city has evolved since 1994.

Climate change and the environmental management
function

The environmental management function5 was first established in eThekwini
Municipality6 in 1994. Although the staff servicing this function were aware of
the climate change debate, the significant post-apartheid development challenges
faced by the city meant that several years were to pass before climate change
emerged as a significant issue on the municipality’s environmental agenda.

The first serious discussions relating to climate change took place as part of
the forward planning of the (then) Environmental Branch. In 1999, this led to
the branch investigating the feasibility of establishing a climate protection
programme. The lack of resources (human and financial) and technical skills and
the need to deal with other ‘higher priority’ development matters, however,
meant that the concept was temporarily shelved after initial investigation.

Renewed impetus was given to the idea as the result of a bilateral grant
agreement signed between the national Department of Environmental Affairs
and Tourism (DEAT) and the US Agency for International Development
(USAID). This agreement focused on the implementation of a South African
programme to address global climate change. One component of the programme
aimed to engage a group of South African cities in actions that would address
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both their own urban service priorities and those of the global climate change
agenda. The vehicle for achieving this goal was participation in the International
Council for Local Environmental Initiatives’ (ICLEI7) international Cities for
Climate Protection campaign (CCP).

As part of the CCP campaign, the participating South African cities were
required to commit themselves to five performance milestones:

1 conduct an energy and emissions inventory and forecast;
2 establish an emissions target;
3 develop and obtain approval for a local action plan;
4 implement policies and measures; and
5 monitor and verify results.

In 2000, the Environmental Branch received approval from eThekwini
Municipality’s executive committee to proceed with the project. The USAID-
funded CCP campaign in South Africa effectively ended in 2006. The following
outputs were achieved in Durban during the 2000 to 2006 period:

• The development of the municipality’s first greenhouse gas emissions inventory.
This recorded emissions that could be attributed to local government activities
only and provided the catalyst for regular greenhouse gas emissions reporting
within the municipality following the completion of the CCP campaign.8

• Based on the findings of the first greenhouse gas emissions inventory, a
buildings energy efficiency pilot project was initiated. During the course of
this project, the energy usage in two municipal buildings was audited. The
findings of the audit indicated that the implementation of low-cost and
no-cost energy saving interventions could result in annual savings in excess of
15 per cent of the combined energy usage in the buildings. The collective
payback of the low-cost and no-cost options would be less than five months
and the annual carbon dioxide (CO2) savings would be approximately 340
tonnes. As a result, the timer controls on the air-conditioning plants in both
buildings were trimmed. It is anticipated that this will yield a total annual
CO2 saving of 128 tonnes and an estimated financial saving of 53,400 rand
per annum.

• Using the pilot project as a platform, nine additional municipal buildings
were audited. During this roll-out phase, a number of energy efficiency
opportunities were identified in the City Engineer’s building. Two of the low-
cost and no-cost interventions were subsequently implemented:
• installation of timers on the fan-coil unit power supplies to eliminate out-

of-hours usage of the air-conditioning plant; it was anticipated that this
would yield a cost saving of 121,000 rand per annum and a CO2 saving
of more than 300 tonnes per annum; and

• initiation of an energy efficiency awareness pilot project.

256 Case Studies on Adaptation

Chapter 11.qxd  4/30/2009  4:19 PM  Page 256



 

The need to build institutional understanding

Despite the municipality’s involvement in ICLEI’s CCP campaign, and the
resultant mitigation spin-offs in terms of the buildings energy efficiency project,
very little internal institutional momentum and knowledge was built around the
issue of climate change per se. This was the result, in part, of the fact that the
CCP campaign in South Africa did not offer the participating municipalities any
in-depth opportunities to develop an understanding of climate change science
and its local relevance. Subsequent experience in Durban has shown that without
developing a meaningful understanding of the science, it is unlikely that climate
change and its significance will be understood effectively at the local government
level.

The implementation projects undertaken in Durban (i.e. the development of
the greenhouse gas inventory and the buildings energy efficiency project) did not
help to advance this understanding either. Involvement of municipal staff in the
projects focused primarily on the delivery of the projects in terms of meeting
funding and other administrative deadlines. In addition, the highly technical
nature of the greenhouse gas inventory and the buildings energy efficiency project
meant that the work was undertaken primarily by consultants hired to assist the
Environmental Branch.9 In reality, work was being overseen by municipal staff
with very little real understanding of why this action was required in the first
place. This situation was aggravated by the fact that, due to high workloads, staff
involved in the CCP campaign did not have time to develop this understanding
independently.

The net result was that even after the completion of the CCP campaign, the
understanding of climate change among local government staff in Durban had
not advanced significantly. An interesting observation is that this did not prevent
further roll-out of climate change-related work by the (now) Environmental
Management Department.

As part of the evaluation of the buildings energy efficiency project, the lead
consultant recommended that in order to develop and enhance energy efficiency
interventions throughout municipal operations, the development of a municipal
energy strategy was a critical next step. On the basis of this recommendation,
funding for the development of an energy strategy was sourced via the Danish
International Development Assistance’s (DANIDA) Urban Environmental
Management Programme, initiated in South Africa in 2005. Given the focus of the
project and the associated funding timelines, the development of the energy strategy
has followed the same critical path as the buildings energy efficiency project (i.e. one
whereby the municipal team has been guided technically by the lead consultant,
with little meaningful opportunity to develop a more detailed understanding of the
relationship between climate change and energy management).

Running in parallel, but not directly related to the CCP campaign, was the
development of the municipality’s first Clean Development Mechanism (CDM)
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project (initiated in 2002). This involved the establishment of landfill gas-to-
electricity installations at three of the city’s landfill sites (see Figure 11.2).
Although the CDM project was initiated independently of the CCP campaign,
given its significance in terms of mitigation impacts,10 it was cited as an
implementation measure in meeting the CCP campaign performance
milestones.

The project manager of the CDM project was both vocal and passionate
about establishing the link between climate change and the project. He invested
a significant amount of time in understanding the science of climate change and
presented this information as an introduction to the CDM project. He repeatedly
emphasized that while the project was of financial benefit to the city, the real
benefit lay in the reduction of greenhouse gases and the ability to reduce climate
change. The impact of this outreach within the municipal structures was,
however, limited due to the highly technical and specialized nature of the project,
which meant that only a relatively small group of city officials was involved in
project development and management. Nevertheless, the project was still
significant in that it engaged a number of the city’s lead decision-makers in the
climate change debate for the first time.
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Chapter 11.qxd  4/30/2009  4:19 PM  Page 258



 

Mainstreaming the climate change debate in Durban

From a local government perspective, the extent to which an issue such as climate
change becomes successfully institutionalized in day-to-day operations, planning
and decision-making can be evaluated by using institutional markers similar to
the ones outlined below:

• the emergence of an identifiable political/administrative champion(s) for
climate change issues;

• the appearance of climate change as a significant issue in mainstream
municipal plans;

• the allocation of dedicated resources (human and financial) to climate change
issues; and

• the incorporation of climate change considerations into political and
administrative decision-making.

The following is a discussion of the extent to which these markers have been
achieved in eThekwini Municipality.

Institutional marker 1: The emergence of an identifiable political/
administrative champion(s) for climate change issues

A key contribution to the mainstreaming of climate change within eThekwini
Municipality occurred as a result of the participation of the head of the
Environmental Management Department in an advanced semester-long
environmental management programme at Brown University in Rhode Island
(US) in 2004. The course is designed for professionals in leadership positions in
the global South and provided the opportunity for an in-depth engagement with
the science of climate change. This new understanding was to prove a critical
factor in the subsequent initiation and development of the Municipal Climate
Protection Programme (MCPP) and underscored the importance of capacity-
building at the local government level in institutionalizing complex environmental
issues such as climate change.

The information and understanding developed as a result of participating in this
course has been shared subsequently with other stakeholders in Durban through a
still ongoing series of seminars and presentations. In informal discussions with a
researcher at the Council for Scientific and Industrial Research11 at one of the early
feedback sessions in 2004, questions were raised about what would be required to
effectively mainstream the concept of climate change within local government’s
planning and decision-making processes. It was concluded that the biggest challenge
was that the climate change debate was ostensibly a global debate, focusing on global
level impacts, and that very little work had been done on determining and
communicating an equivalent understanding of local-level impacts.
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Given the significant development pressures that exist at the local level,
particularly in cities of the global South, local government planners and decision-
makers in many cases do not have the luxury of being concerned about global
change. Realpolitick indicates that they are much more likely to be concerned
about the local impacts of that change, particularly where those impacts affect or
exacerbate local development needs and pressures. Therefore, key to any attempt
to embed the climate change issue at the local government level is the ability to
answer the question: ‘What does it mean for my city, town or village?’

In Durban, the need to answer this question resulted in the Environmental
Management Department initiating the MCPP. The development of this
programme has been undertaken in a phased manner.

Phase 1: Climatic Future for Durban project. This initial phase of the
programme saw a partnership established between the municipality and the
Council for Scientific and Industrial Research, and the initiation of the Climatic
Future for Durban project. This project focused on a review of global and
regional climate change science and data sets and the translation of these into an
understanding of the local-level impacts that would affect Durban. According to
the findings of this work:

Local trends indicate that maximum and minimum temperatures are
increasing, suggesting that Durban is getting warmer. It is predicted
that for the period 2070 to 2100, Durban will experience an increase
in the number of hot days with temperatures exceeding 30°C.

Durban’s rainfall patterns are also likely to be affected. Although it
is likely that rainfall will increase slightly, the distribution of that
rainfall will change, with longer periods of no rainfall and shorter
periods of intense rainfall. These changes in temperature and rainfall
may lead to numerous impacts on water availability, agricultural
productivity and food security.

Based on the analysis of Global Sea Level Observing System
(GLOSS) data, results indicate that a number of economic and tourist
areas may be affected by sea-level rise. Infrastructure, together with
coastal vegetation, will be damaged. Damage can be expected from
extreme events such as flooding, which may cause the high tide level to
increase, thus resulting in potential impacts to infrastructure, increased
flooding and coastal erosion and ultimately placing a significant
portion of the population at risk.

Climate change impacts are likely to increase the magnitude of
existing problems linked to water availability, food security and health
issues. Water availability in the Mgeni river catchment is predicted to
decrease by 157.8 million cubic metres … for the period 2070–2100.
This will lead to a reduction in the water available for human and
industrial consumption in Durban. It is also possible that migration of
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people from other dryer areas in the country will increase, placing a
greater burden on already stressed resources. Agricultural production in
Durban is also likely to be affected, particularly in subsistence farming
areas where production yields are likely to decrease due to changes in
rainfall and temperature.

Temperature increases may also cause the spread of malaria to
previously unaffected areas in Durban. Infrastructure damage is likely
to increase along the coast due to a higher mean sea level and an
increase in extreme weather events (including sea storms). Major
economic and tourist areas are likely to be negatively affected.12

Phase 2: Headline Climate Change Adaptation Strategy project. Once the range and
extent of the local impacts of climate change were better understood, it became
clear that climate change adaptation, rather than mitigation, was likely to be the
immediate priority in the further development of the MCPP. This focus was
confirmed at the presentation of the phase 1 work to the Economic Development
and Planning Committee of the municipal council, where it became clear that
political interest lay in reducing the impact of climate change upon the city rather
than in reducing greenhouse gas emissions. As a result, phase 2 of the MCPP
focused on the development of a ‘headline adaptation strategy’ for key municipal
sectors. This is at odds with the mitigation focus of the majority of climate
change funding streams available to local government.

The headline adaptation strategy made clear the relevance of climate change
issues for virtually all departments and agencies within the municipality and
listed the impacts of climate change upon key sectors such as infrastructure,
human health, food security and agriculture, water, tourism/business, and
biodiversity and the coastal zone. The strategy also outlined the kind of
adaptation actions that might be appropriate in these sectors. The headline
adaptation strategy is currently being used as the basis for the development of a
more detailed Municipal Adaptation Plan (MAP) in two high-risk sectors (i.e.
water and health). The key findings of the headline adaptation strategy are
summarized below.

Human health. Some impacts in this sector are direct (e.g. heat waves and
extreme weather disasters), while others arise through disturbances to ecological
processes (e.g. the distribution of infectious diseases, freshwater supplies and food
availability). Certain groups (e.g. the elderly, children and low-income and
immuno-compromised individuals) are more vulnerable to these impacts than
others. The municipality would thus have to respond to greater risks of heat-
related deaths and illnesses, extreme weather (e.g. the vulnerability of sewage
networks and of informal settlements to flooding), potentially reduced air quality
and impacts of changes in precipitation, temperature, humidity and salinity upon
water quality (e.g. an increase in diarrhoeal disease) and vector-borne diseases.
There is a need for public education, to develop community response
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programmes, to ensure continued electricity supplies in all conditions, to
promote the provision of more shade and increased water efficiency, to develop
an extreme climate public early warning system, and to undertake research that
improves the understanding of the link between health and climate change in
Durban.

Water and sanitation. Durban already faces constraints on water supplies,
with water resources under threat at present both in terms of quantity and
quality. Climate variability affects water resources through periodic droughts,
resulting in short-term water shortages at the local level. In addition, changes in
rainfall distribution and increased temperatures will also reduce the capability of
existing infrastructure (e.g. reservoirs) to store sufficient water. Management
techniques, particularly those of integrated water resource management, can be
applied to adapt to the hydrologic impacts of climate change, lessening
vulnerabilities. Adaptive responses include both supply-side (i.e. changes in water
supply) and demand-side (e.g. differential pricing, public awareness campaigns
and statutory requirements) approaches. The municipality is already
implementing some adaptation options to reduce the volume of freshwater
needed (e.g. recycling sewage to potable standards).

Arguably for Durban, adaptation to changes in water availability is the
most important adaptation measure. There is a need to evaluate the capacity of
infrastructure to supply water within an uncertain climatic future so that it can
cope with variable rainfall and increased flows during flooding events, as well
as a need to understand future demands. Adaptation measures that require
further investigation include increasing the water-absorbing capacity of the
urban landscape; improving the urban drainage system; increasing the height of
natural shoreline stabilization measures; utilizing storm water retention/
detention ponds and constructed wetlands; and adjusting storm sewer design
and land-use planning and zoning to avoid locating structures/buildings in
high risk areas.

Coastal zone. Coastal environments, settlements and infrastructure are
exposed to a range of marine and land-based hazards such as storms, associated
waves and storm surges, river flooding, shoreline erosion and an influx of
biohazards (e.g. algal blooms). It is possible that these existing impacts will
intensify under climate change. This is of particular concern in Durban given the
city’s naturally erosive coastline (see Figure 11.3). The municipality is investing
heavily in developing the city’s coastline for tourism, with key developments
planned for the next 10 to 20 years. Increases in sea level could affect these
developments if they are not taken into account properly. A series of extreme
weather events in 2007 has already provoked discussions regarding the need to
manage the strategic retreat of some existing coastal infrastructure from
vulnerable areas.

Possible impacts of climate change upon Durban’s coastline, particularly with
regard to sea-level rise, have already been incorporated within the municipality’s
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work over the last two decades and this is expected to continue. Mapping of 1:50
and 1:100 flood lines13 for 90 per cent of rivers has been completed, with an
associated programme to inform citizens. New developments need storm water
management plans to ensure that excess runoff is contained on site. Development
setback lines and potential erosion lines have been identified that incorporate
1:50 sea storms and a 50-year sea-level rise prediction. There is a need to map the
1:50 flood lines that have changed as a result of climate change. This will show
sites at risk and can be used to develop plans to manage flood risks, identify the
most vulnerable communities and avoid future developments in flood-prone
areas.

Initial modelling of the local impacts of two Intergovernmental Panel on
Climate Change (IPCC) scenarios of ~0.5m and ~0.9m sea-level rise,
respectively, over the next 100 years resulted in predictions of probable maximum
seawater levels of about 2.4m and 2.8m mean sea level along Durban’s coastline.
While the accuracy of these figures needs to be refined, they do suggest that low-
lying areas such as the South Durban Basin (the manufacturing centre and
economic heartland of the city) and the central business district could be
negatively affected by sea-level rise in the future (see Figure 11.4).
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Biodiversity. There is an urgent need to understand how local biodiversity will
be affected by climate change and how these impacts could be managed and
mitigated. Increased temperatures and the effect on water resources, water
temperatures and river flows could have adverse effects on biodiversity through,
for instance, increased evaporation from water bodies, loss of important habitats
and changes in species’ migratory patterns. Challenges faced by wetlands, such as
development pressures, drainage and groundwater abstraction, could be
exacerbated by changes in precipitation and its implications for water availability.
The first step is to develop better data on the likely impacts upon biodiversity of
the many effects of climate change.

Key infrastructure at risk. Built systems need to be able to endure greater
exposure to extreme weather events, including extreme precipitation and
windstorms. Infrastructure design is generally based on past climatic conditions;
but these are no longer accurate indicators for planning, maintenance and
upgrades. New guidelines are needed for municipal infrastructure in order to
ensure safety and quality of life and to reduce long-term costs.

Electricity supplies. Gradual climate change does not pose a threat to
electricity generation or supply for the municipality; but difficulties are likely in
response to extreme events. There is a need to identify measures that ensure the
availability of electricity in all conditions, especially in extreme climate situations.
This is a sector where mitigation is an urgent need.
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Figure 11.4 Impact of sea-level rise on the South Durban Basin
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Transport. It may be necessary to revise road construction standards and avoid
routes at high risk of flooding. There are also measures available to reduce
emissions in the transport sector.

Food security and agriculture. Support is needed for local agriculture and
attention should be given to the impacts of climate change upon commercial
agriculture. Preliminary research undertaken during phase 3 of the MCPP
suggests that 50 per cent of the food consumed by the rural poor is produced
locally. Adaptation within this sector is therefore critical if food security is to be
ensured in the future.

Disaster risk reduction. Durban has disaster management strategies; but these
have largely focused on technological disasters (the city is an important industrial
centre, including a nationally significant petrochemical sector) and natural
disasters such as flooding. These strategies do not engage proactively with
planning for extreme weather events or with developing the citywide health
emergency plans required in response to climate change. There is also a need to
shift from being responsive to disasters towards being proactive in minimizing
hazard, reducing exposure and susceptibility, and enhancing coping and adaptive
capacity. There is a need for more attention to be given to enhancing early
warning systems, building more resistance into construction and infrastructure,
and relocating people and infrastructure away from high-risk areas, as well as
planning new development for less vulnerable areas.

Cross-sectoral municipal activities. There is a need to build awareness,
encourage policy changes and develop strong public education and outreach.
There should be support for local research and institutional capacity and for
community-based adaptation.

Phase 3: Urban Integrated Assessment Framework. The outcomes of phases
1 and 2 of the MCPP highlighted the urgent need to incorporate climate change
considerations within the municipality’s various planning processes. The focus of
phase 3 of the MCPP is therefore on the development of an urban integrated
assessment framework – that is, a computer-based model that will facilitate the
simulation, evaluation and comparison of strategic development plans and
policies in the context of climate change.

Such an integrated assessment framework will provide strategic input into the
ongoing development of the city’s integrated development plan (IDP),14 allowing
the municipality to factor climate change considerations into its long-term
planning and budgeting and to develop appropriate responses in terms of
adaptation and mitigation plans. Because of the pioneering nature of the work
being undertaken, the eThekwini municipal team has established research
collaboration with the Tyndall Climate Change Research Centre in the UK. The
Tyndall team is working independently on the development of a similar model for
the City of London. This collaboration provides valuable opportunities for peer
review for both teams even though the priority sectors being modelled are different
due to the differing development contexts of the two pilot cities. Involvement in
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the project is also helping to build further the capacity of staff within the
Environmental Management Department in the areas of climate change science
and climate change impact assessment.

Institutional marker 2: The appearance of climate change as a
significant issue in mainstream municipal plans

As a result of the work done in phases 1 to 3 of the MCPP, climate change
concerns are increasingly influencing the strategic planning undertaken by the
municipality. At the level of short- to medium-term plans, climate change appears
as a strategic issue to be addressed in the municipality’s IDP. This is reflected in
the requirement for the development of an MCPP within the IDP.15

Also at the short- to medium-term level, the city’s open space system plan
(known as the Durban Metropolitan Urban Space System Plan) (see Figure
11.5) is currently being remapped. As part of this process, a first attempt is being
made to ‘climate proof ’ the biodiversity resources that the system protects. This
is being done through the application of a number of climate-specific design
principles – for example, planning for the creation of corridors that will facilitate
the southern and altitudinal migration of species; enlarging existing core
conservation areas (to increase the size and range of altitudinal gradients
protected); and identifying areas for improved matrix management (i.e. where
improved management of the more formal urban landscapes can help to
improve the ecological viability of the core conservation areas). Given that the
open space system already covers an area of approximately 64,000ha, it is clear
that any change to the spatial footprint of this system will have a significant
impact upon land acquisition, development planning and natural area
management within the municipality.

In terms of longer-term planning, the issue of climate change has also begun
to feature significantly in the stakeholder discussions taking place within the
context of the Imagine Durban campaign. Imagine Durban is a municipality-led
project focusing on integrated long-term planning. It is being implemented in
conjunction with Sustainable Cities, a non-governmental organization (NGO)
from Vancouver, Canada, and the PLUS Network (a network of 35 cities sharing
experiences in sustainability planning), which have received funding from the
Canadian International Development Agency to support the project. Imagine
Durban is a process that is mobilizing stakeholders (including government, non-
government and civil society organizations, faith-based groups, tertiary
institutions, business organizations and ordinary residents) to imagine where they
would like to be in the future. It emphasizes that planning choices made today
will affect generations still to come. From this perspective, the current generation
of Durban residents bears a unique responsibility in terms of climate protection
planning. Climate protection is therefore a key consideration in the
environmental work stream of the Imagine Durban campaign.
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Institutional marker 3: The allocation of dedicated resources
(human and financial) to climate change issues

A further outcome of the work undertaken during phases 1 to 3 of the MCPP
was the realization that successful development and roll-out of the MCPP would
require that the task be appropriately resourced, both from a human and financial
perspective. This required institutional change as no formal climate change
mandate existed anywhere within the prevailing municipal structures. As a result,
a new branch has been created within the Environmental Management
Department to deal specifically with the issues of climate change and climate
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protection. This change to the city’s institutional structures was approved in 2007
and funds have now been secured to fill the management position in the Climate
Protection Branch as a first step in establishing the branch.

Institutional marker 4: The incorporation of climate change
considerations within political and administrative decision-making

While the issue of climate change is not yet noticeably affecting day-to-day
decision-making in the municipality, it is clear that local government leaders in
Durban are beginning to acknowledge the likely significance of the matter. In
2007, for example, the executive committee of the municipality responded to
the call by the South African Local Government Association to address climate
change issues by asking the city manager to compile a detailed report on the
effects of climate change on the city. This provided an opportunity to profile
the work being undertaken within the MCPP and to inform the politicians of
its significance. Further weight was given to the need to prioritize the issue of
climate change as a result of its inclusion in the statement made by the
president of the African National Congress (ANC), Jacob Zuma, on 8 January
2008:

As we work to grow and transform our economy, we must recognize
that climate change is a new threat on a global scale that places an
enormous burden on especially the poor. We must therefore proceed
without delay to implement our resolutions on climate change,
particularly with respect to the reduction of greenhouse gas emissions
and the promotion of renewable energy sources.

It is interesting to note that adaptation does not feature in this statement. This is
a reflection of the disjuncture that exists between national- and local-level policy-
makers in South Africa around the issue of climate change.

The interest of decision-makers in climate change has also been enhanced in
Durban as the result of a series of extreme weather events during 2007 (i.e. a
series of storms and high tides), which resulted in extensive infrastructural
damage due to flooding and coastal erosion. Although not directly attributable to
climate change, these events have raised general awareness of the kind of impacts
that may be experienced in a climatically changed future. As a result, there has
been increased political and administrative support for climate change-related
work in the municipality. One should not, however, be naive and imagine that
the integration of climate protection considerations within political and
administrative decision-making is likely to be a smooth process. Based on past
experience, anything that affects budget lines and the city’s current desired
development path is likely to result in contestation between the various parties
involved.
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Conclusions

Using the four institutional markers defined here, it can be concluded that
reasonable progress (given the development challenges and resource constraints
faced by the municipality) has been made in Durban in mainstreaming climate
change concerns at the local government level. The key to unlocking this process
was capacity-building of key local government personnel. This kind of
capacitation holds the potential to unlock endogenous resources and interest in
climate change – ultimately making the likelihood of sustainable climate
protection interventions greater. A significant drawback, however, is the fact that
while strong climate change champions have emerged within the city’s
administration, no equivalent political champions have yet emerged. Plans are
currently being developed to address this shortfall and to build capacity and
political interest in the climate change issue.

In Durban, capacitation has also produced institutional change and the
mainstreaming of climate change concerns within various municipal short- and
long-term planning processes. Furthermore, it has been the catalyst for the
development of a new assessment tool, which is intended to facilitate a more
comprehensive incorporation of climate change concerns within the city’s long-
term planning. Such an approach should assist in reducing the prevailing
tensions that exist between development and environmental priorities within the
city by allowing decision-makers to better understand the long-term
development consequences of short-term decisions that exacerbate climate
change risk.

It is interesting to note that the need for local government to prioritize
adaptation over mitigation interventions, given the kind of development threats
faced by the municipality as a result of unavoidable climate change, emerged very
early on in the development of the MCPP.16 This suggests that in cities of the
global South, donor monies may be better spent on capacitating people,
especially around issues of climate change adaptation, rather than on supporting
often ad hoc climate change mitigation projects.

Experience with the development of the MCPP has also indicated that
embedding the concept of climate change within local government activities
requires not only that the global debate is made relevant locally, but that this
information is framed within a broader social/environmental justice
framework. This would ensure that the development agenda of local
government and the climate protection agenda are meaningfully and
sustainably linked. Only in this way will climate protection concerns affect
decision-making and resource allocation at the local level. In South Africa, this
local-level action is critical, as past experience has shown that municipal
innovation is often a key factor in catalysing meaningful activity by both
provincial and national governments.
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Notes

1. This chapter represents the views of the author and does not necessarily represent the
views of eThekwini Municipality.

2. For the 2008/2009 financial year; US$1 = 7 to 8 South African rand.
3. This figure does not include those employed in the informal sector.
4. The backlog is calculated as follows: informal settlement dwellings + informal

backyard dwellings + rural dwellings (from the 2001 population census). A 1.5 per
cent growth rate is applied to this total and the number of houses built since the
census is subtracted. This excludes a figure for overcrowded formal dwellings, which
is difficult to estimate given changes in the census since 1996.

5. This function has taken a variety of institutional forms over the years, first being
known as the Environmental Branch (1995–2003) and subsequently becoming the
Environmental Management Department (2003 onwards).

6. In a smaller precursor entity known as Durban Municipality.
7. Now renamed ICLEI–Local Governments for Sustainability.
8. The third greenhouse gas inventory was completed in 2007 and, for the first time,

includes both municipal and community contributions to greenhouse gas emissions.
9. Later to become the Environmental Management Department in 2003.

10. In total, the project will achieve a reduction of 7.6 million tonnes of CO2 and is
currently the largest Clean Development Mechanism project in Africa.

11. The Council for Scientific and Industrial Research is a parastatal research
organization in South Africa.

12. Shamini, N., Hounsome, R. and Iyer, K. (2006) Climatic Future for Durban, prepared
by CSIR NRE, edited by D. Roberts, A. Mather and M. Maganlal, Durban, April.

13. These lines indicate the maximum level likely to be reached by floodwaters, on
average, once every 50 or 100 years, respectively.

14. An integrated development plan (IDP) is the product of a process by which South
African municipalities prepare five-year strategic plans that are reviewed annually in
consultation with communities and stakeholders. These plans seek to promote an
integrated response by balancing social, economic and ecological pillars of sustainability
without compromising the institutional capacity required in the implementation and by
coordinating actions across sectors and spheres of government.

15. Plan 1: Sustaining our built and natural environment; Programme 7: Develop and
implement municipal pollution reduction and climate protection.

16. It is, however, acknowledged that mitigation is the only successful long-term form of
adaptation.
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12

Developing a Municipal Adaptation Plan
(MAP) for Climate Change: The City of

Cape Town

Pierre Mukheibir and Gina Ziervogel

Introduction

Scientific evidence confirms that climate change is already taking place and that
most of the warming observed during the past 50 years is due to human
activities.1 In Southern Africa, climate change projections suggest increased
variability in rainfall, more frequent extreme events and increased temperatures.2

These will occur even if global emissions were to be reduced in accordance with
the Kyoto Protocol. In Cape Town, a significant number of past disasters and
events have been associated with weather conditions and the concern is that these
may occur more frequently in the future.3

In recent years, reducing vulnerability to climate change has become an
urgent issue internationally. In low- and middle-income countries there has been
a lag in significant response to this challenge, although it is clear that it should be
at the forefront of any sustainable development policy agenda. Adaptation to
climate change is a process whereby individuals and communities seek to respond
to ‘actual or expected climatic stimuli or their effects’.4 This process is not new
and throughout history people have adapted to changing climate conditions.
What is new is the incorporation of climate change and its potential impacts into
policy-making and planning on a range of scales.5

National Adaptation Programmes of Action (NAPAs) have been developed
recently under the United Nations Framework Convention on Climate Change
(UNFCCC) for least developed countries (LDCs).6 However, to date, there has
not been a consolidated or coordinated approach to adaptation at the sub-
national scale, with few municipalities assessing projected climate impacts in
developing countries. This needs to be addressed urgently as it is at this level that
many people are directly affected by climate-induced impacts and it is at this level
that institutional solutions can be introduced that target wide numbers of people.

This chapter presents an overarching framework for a municipal-level
approach to adapting sectors to climate impacts by highlighting examples of
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potential impacts for the city of Cape Town. Some adaptation actions and
possible interventions have been suggested. However, as this is a more conceptual
framework for developing and implementing a plan, no stakeholder consultation
or assessment of the city’s capacity to plan and implement an adaptation
programme has been made, although they are currently exploring how to
implement it.

Background to climate change

In this chapter, both climate change and climate variability are considered and
therefore it is important to understand the distinction between the two.

Climate variability can be thought of as the way in which climatic variables
(such as temperature and precipitation) depart from some average state, either
above or below the average value. Although daily weather data depart from the
climatic mean, the climate is considered to be stable if the long-term average
does not significantly change. On the other hand, climate change can be
defined as a trend in one or more climatic variables characterized by a fairly
smooth continuous increase or decrease of the average value during the period
of record.7

Current research would suggest that the political and planning response is
lagging behind in the understanding of climate change, particularly in how it
deals with the uncertainty that is an intrinsic part of climate change science.
This does not mean that there is no confidence in the understanding or that
the understanding is not certain enough to allow for the development of
appropriate adaptation strategies and policies for resource management –
rather, that types of uncertainty should be acknowledged and factored in
accordingly. Four sources of uncertainty currently limit the detail of the
regional projections:8

1 Natural variability : due to the finite historical records from which the range
of natural variability at different scales of time and space has been defined, it
is not possible to set the definitive limits of natural variability or to establish
how much of the change in variability is due to anthropogenic factors.

2 Future emissions : much of the projected change depends upon how society
responds to reducing greenhouse gas emissions.

3 Uncertainty in the climate systems : current understanding of the regional
dynamics of the climate system of the African sub-continent is limited.

4 Downscaling : this is the development of regional and local-scale projections
of change from the global models. These projections maintain the
uncertainty of the global models although they incorporate local climate
dynamics. For this reason, downscaled projections are starting to be used
more widely to represent patterns of climatic change.
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Using the regional downscaled projections from the Climate Systems Analysis
Group, the most relevant change in atmospheric circulation expected for the
Western Cape is a decrease in the frequency of low pressures typically associated
with winter storms during early winter. This has been observed in spatially
varying trends in precipitation. Furthermore, the trend of fewer low pressure
systems during early winter can lead to weaker synoptic forcing and conditions
conducive to brown haze and smog in the Cape Town area.9

Towards a framework for adapting to climate change at
the municipal level

The political discourse on climate change has been debated internationally through
the UNFCCC; but in the past the agenda has focused mainly on mitigation of
greenhouse gas emissions. Recently, there has been a shift in focus, where policy-
makers and academics have begun to debate the issues surrounding adaptation to
future climate impacts and to consider the implications for the future.10 In addition,
all parties to the convention, including South Africa, agreed to adopt national
programmes for mitigation and adaptation, and to describe these in ‘national
communications’.11 However, this has been focused mainly at the national level, and
the resources and capacity at local level to deal with the implementation and
operational issues are not always considered. For the city of Cape Town, for
example, the only relevant published study has been the climate impact assessment
for the Western Cape commissioned by the provincial government.12

There is a clear need to develop a framework for adaptation to climate change
at the municipal level in order to prioritize the most urgent local adaptation
activities and to identify the required local human and financial resources. If
climate variability is to increase, it is necessary to understand how climate affects
the different sectors and their resultant vulnerabilities. This will focus attention
on where priority intervention might reduce the impacts of climate change and
help cities to adapt rather than react when the damage has already been done,
although it should be recognized that the reduction of greenhouse gases through
mitigation is necessary as well.

The adaptation policy framework developed by the United Nations
Development Programme (UNDP) is structured around four major principles
from which actions to adapt to climate change can be developed: 13

1 adaptation to short-term climate variability and extreme events is included as
a basis for reducing vulnerability to longer-term climate change;

2 adaptation policies and measures are assessed in a development context;
3 adaptation occurs at different levels of society; and
4 both the strategy and the process through which adaptation is implemented

are equally important.
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These principles should be reflected upon continually to ensure adaptation
activities are achieving their desired goals.

A number of methodologies have been developed that are either national
level in scale, such as the NAPA, or project focused, such as the SouthSouthNorth
Adaptation Project Protocol (SSNAPP) methodology developed by
SouthSouthNorth.14 However, these methodologies do not institutionalize the
approach at a local level.

The following ten steps are presented to guide the development of an
appropriate local level or Municipal Adaptation Plan (MAP) (see Figure 12.1):

1 Assess current climate trends and future projections for the geographical region.
2 Undertake a climate vulnerability assessment of the municipal area. Many

cities will not have collected and analysed this information and would
therefore have to develop this assessment from scratch:
• identify current sectoral and cross-sectoral vulnerabilities based on

current climate variability risks and trends;
• identify future potential vulnerabilities based on future projected climate 

scenarios and future climate risks;
• capture this information on local vulnerability maps using geographic

information systems (GIS) and other tools – the climate impact
assessment would include sea-level rise, drought and flood-prone areas.

3 Review current development plans and priorities. Most municipalities would
be able to find this information in their various strategic plans.

4 Overlay development priorities, expected climate change, current climate
vulnerability and expected future climate vulnerability using GIS for spatial
interrogation and other participatory and quantitative assessments for further
analysis. These various overlays will assist in identifying hotspots where
adaptation activities should be focused.

5 Develop adaptation options using new and existing consultative tools. These
options should integrate climate-sensitive responses with development
priorities and focus on areas that are highly vulnerable to climate variability.

6 Prioritize the adaptation actions using tools such as multi-criteria analysis
(MCA), cost-benefit analysis (CBA) or social accounting matrices (SAMs).

7 Develop programme and project scoping and design documents together
with associated budgets. This document will be the MAP (see Figure 12.1).

8 Implement the interventions prioritized in the MAP.
9 Monitor and evaluate the interventions on an ongoing basis.
10 Regularly review and modify the plans at predefined intervals.

These ten steps should be complemented by two cross-cutting processes:

1 Stakeholder engagement : stakeholders should be engaged with in order to
identify vulnerable sectors and existing and potential adaptation initiatives.
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This engagement process is also necessary to bring politicians and decision-
makers on board and to give them insight into the projected impacts and
potential adaptation actions. Since some of the actions will be capital
intensive or politically unpopular, it is necessary to build political will to fund
and support adaptation measures. Furthermore, some actions may require
certain trade-offs upon which the stakeholders would need to deliberate.

In developing the MAP, various products would be produced, including
a vulnerability assessment, a climate impacts assessment and a vulnerability
map, highlighting hotspots where developmental priorities intersect with
climate impacts. It is important that a broad range of expertise is drawn on
to gather this evidence.

2 Adaptive capacity assessment : the capacity to adapt of the various sectors that
would be affected by the impacts of climate change needs to be assessed.
Adaptive capacity can be defined as the potential or ability of a system to
adapt to impacts of climate change. There are currently no methodologies for
assessing the adaptive capacity of a sector; but this is a gap that should be
addressed in the future.
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Figure 12.1 Process for developing a Municipal Adaptation Plan (MAP)
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This process should also include an assessment of the local government’s
capacity to implement adaptation actions in terms of budgetary and
personnel constraints, with and without explicit climate change adaptation
strategies.15

Many tools and methods exist for undertaking vulnerability and adaptation
assessments, both qualitative and quantitative. O’Brien et al16 explain that the
definition of vulnerability determines how it is assessed. Vulnerability can be
viewed as an ‘end point’, where climate change results in vulnerability, or as a
‘starting point’, which determines adaptive capacity and the impact that
climate change will have. Eriksen and Kelly17 provide an assessment of the
different types of vulnerability indicators developed for climate policy
assessments and highlight the fact that some approaches emphasize the
physical more than the social aspects and vice versa. What is apparent is that
the understanding of the causes of vulnerability is not always clear and
vulnerability assessment methods need further development and clarity. It is
important that any assessment of vulnerability at the metropolitan scale
should be clear about what is being measured and how this relates to the causes
of vulnerability. The information needed from a metropolitan vulnerability
assessment should help to determine the appropriate tools. For example, the
assessment of how one group or sector might be vulnerable to different types
of climate variability might make use of matrices and expert opinion or focus
groups. Formal assessments might include the use of vulnerability maps and
agent-based models.

Assessing vulnerability to current climate variability is challenging because of
the range of factors, in addition to climate, that contribute to vulnerability.
Assessing vulnerability to climate change is even more challenging because of the
dynamic nature of vulnerability. Although some attempts to evaluate adaptive
capacity provide an indication of the ability to adapt to future change, it is
impossible to definitively define future vulnerability – although some tools, such
as scenarios, may help to evaluate future pathways of vulnerability.

Once the key vulnerabilities are identified, it is necessary to formulate an
adaptation strategy consisting of a range of adaptation actions. These adaptation
actions need to be developed for the local context in conjunction with key
stakeholders, including those directly affected, experts in the sectors and climate
specialists who can comment on the nature of the climate variability. This is
necessary in order to assess the secondary impacts of certain adaptation actions
and to ensure that there is equity and sustainability given the complex
institutional arrangements of the city and its inhabitants. For example, in the city
of Cape Town, Swilling highlights how infrastructure has been emphasized as key
to economic growth and social development policy; yet the sustainability of this
infrastructure planning is seldom engaged with at the level needed.18 This critique
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provides important information that can be helpful in evaluating Cape Town’s
current and future infrastructure vulnerability, and can contribute to an
assessment of infrastructure vulnerability to climate change.

Once adaptation actions have been identified, they need to be prioritized.
One method of evaluating which actions might be pursued first is MCA. This
allows options to be evaluated using a range of criteria that include the analysis
of unquantifiable factors, especially when distributional implications need to be
considered. The purpose of using MCA is to aid decision-making rather than to
evaluate options on monetary terms. It is useful in assessing options for adapting
to climate change as there are many factors that need to be considered, including
equity, efficiency, short- or long-term benefits as well as many other non-
monetary factors. Tools such as CBA and SAMs are useful when determining the
financial implications of an intervention in terms of both cost and benefit to
society. Issues such as the impact on gross domestic product (GDP) and
employment can be assessed. At the same time, the limitations of these methods
should be addressed. For example, although MCA might enable non-cost factors
to be assessed, the stakeholders defining and evaluating the criteria may have
biases. More flexible methods can therefore also be explored for choosing priority
adaptation actions.

One of the first steps towards developing a MAP would be to consolidate and
integrate existing adaptation initiatives in order to avoid duplication, and to work
within budgetary and capacity constraints. A holistic approach to developing a
MAP should also include reviews of both the direct impact on natural resources,
and the secondary impacts on the socio-economic environment and the
livelihood of communities. Through stakeholder consultation and prioritization,
these and other sectors could be included.

A key component of a framework for the climate change strategy is the
ongoing monitoring of the programmes and projects that are prioritized and
implemented. The effectiveness of the interventions should be regularly assessed
and modifications made if necessary. Adaptation to climate change is not an
event; rather, it is an ongoing process of social learning. The development of a
MAP should lead to adaptation actions being integrated within development
policy and planning at every level. It should not be an add-on or an
afterthought. Development itself is key to adaptation since adaptation should be
an extension of good development practice and should reduce vulnerability. All
levels of government should ensure that policies, programmes, budget
frameworks and projects take account of climate change since critical economic,
social and ecological challenges can only be addressed effectively on a regional
scale.19 However, there is little evidence of this kind of integration since low- and
middle-income countries face two key barriers on this front: institutional
constraints and technical capacity.20 These are discussed further in the
conclusion.
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Examples of potential current and future municipal
climate-induced impacts for the city of Cape Town

This section provides a few examples of current and future vulnerability to
climate variability and change for the city of Cape Town. Due to the limited
nature of this study, this has been based on a desktop assessment of existing
reports. Some potential actions and possible interventions have been suggested.
No stakeholder consultation or assessment of the city’s capacity to plan and
implement an adaptation programme has been undertaken.

Urban water supplies

The supply of water services in Cape Town faces a number of challenges,
including eradicating a backlog in basic services, reducing demand, meeting
wastewater effluent standards (thereby reducing impact upon the water quality of
urban rivers), managing assets and ensuring that development growth demands
are met.21 The greater Cape Town area has been identified by the Department of
Water Affairs and Forestry (DWAF) as the first major urban region in South
Africa where the demand for water will exceed the total potential yield for the
area if the economic and population growth scenarios are realized or the expected
impact of projected climate change manifests itself.22

Figure 12.2 shows projected demand and also illustrates the relief that the Berg
Water Project will bring under the ‘low water demand’ scenario. The
commissioning of a dam on the Berg River in 2007 enabled an increase in the
available supply by about 25 per cent. Under the ‘low water demand’ scenario,
however, the city will have a water deficit by 2013. Domestic consumption accounts
for two-thirds of the city of Cape Town’s demand. Any demand-side management
strategy should focus initially on this sector. As shown by the ‘actual demand’ curve,
demand-side management initiatives, such as step tariffs and water restrictions
during the recent drought periods, have reduced consumption quite considerably.

Impacts and vulnerabilities. Recently, the Western Cape experienced a
drought that can be attributed to climate variability. Climate variability is
expected to alter the current hydrological resources in Southern Africa and to
place added pressure on the adaptability of future water resources. During the
past 20 years, most of Southern Africa has experienced extensive droughts, the
last four being in 1986–1988, 1991–1992, 2000–2001 and 2004–2005. As
shown in Figure 12.3, dam levels in the Western Cape were at their lowest in five
years during 2005. This drought-induced water shortage placed stress on the
water supply and management in the city of Cape Town and resulted in a
demand-side management response.

Adaptation initiatives. Current water management practice was developed to
ensure that the existing supply of water meets the growing projected demand.
Some of the mechanisms may be appropriate to deal with the future intermittent
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shortages that will be brought about by climate variation; but robust long-term
strategies are required to ensure that water demand matches supply even in times
of reduced availability. In addressing future projected climate change impacts,
some of the proposed measures may need to be introduced sooner than originally
planned.

The Integrated Water Resource Planning Study, commissioned by the former
Cape Metropolitan Council (CMC), identified the need to adopt an integrated
water resource planning approach to manage the changing water demand, as well
as to address the effects of population, economic growth and stresses on the
supply of water.23 The stresses on the supply of water should include projected
climate impacts. In addition, there should be a strong focus on defence of the
ecological reserve to ensure sustainability of wetland and river ecosystems. It has
been proposed in the Berg Water Management Area (WMA) assessment study
that no development or investment decisions should be made without taking into
account the actual or potential effects of climate change on water resources.24

In addition, it is important that the impacts due to the changes in climate
be monitored as a precautionary measure. Special attention is to be given to
long-term monitoring of hydro-meteorological parameters in selected benchmark
sub-catchments. Water planners and managers need to use the available climate
data to make strategic decisions on an ongoing basis.
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Figure 12.2 Water supply and demand projections for Cape Town

Source : adapted from City of Cape Town (2006) Draft Water Service Development Plan 2006/07,
8 February
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It would be strategic to establish effective water demand-side management before
undertaking further capital expenditure on developing additional sources of
water. To this end, the CMC accepted in 1997 the following policy statement:

… to develop and manage, in a participatory manner, the
implementation of a socially beneficial, technically feasible,
economically effective, ecologically sustainable water demand
management strategy, which will reduce the (DWAF 1994) projected
demand in greater Cape Town by 20 per cent (or more) by the year
2010.25

The city of Cape Town has since (in 2004) outlined a ten-point plan for
achieving greater water conservation to complement the existing city of Cape
Town’s water demand management strategy and to achieve the objectives of the
long-term sustainable water conservation strategy currently being developed by
the city of Cape Town in partnership with the Department of Water Affairs and
Forestry.26

These initiatives include the following:

• Water restrictions : in the past, the city of Cape Town has used measures such
as restricting the use of water for some activities to specific times and
disallowing other activities in order to reduce the demand on the limited
water resources.
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• Water tariffs : market-based allocations are able to respond more rapidly to
changing supply conditions and also tend to lower the water demand,
conserve water and consequently increase both the robustness and resilience
of the water supply system.27 Water tariffs were effectively used during the
2005 water shortage to reduce demand by the city of Cape Town.

• Reducing leaks : in Cape Town, the unaccounted-for water was estimated at 23
and 18 per cent for 2000 and 2001, respectively.28 The upgrading and
improvement of water supply lines, as is taking place in Khayelitsha through
the Water Leaks Project, would bring these losses to within acceptable limits.
Furthermore, the efficient use of water would reduce treatment and
distribution costs.

• Pressure management : with the introduction of pressure management systems,
as in Khayalitsha, water lost from undetected leaks is reduced by lowering the
off-peak water pressure in the pipes. This also reduces the water lost (unused)
through leaks from pipes on private property.29

• Awareness campaigns : through the media and knock-and-drop pamphlets, the
city of Cape Town has embarked on an awareness campaign in an attempt to
reduce the consumption of domestic water.

A number of policies and measures could be implemented by the city of Cape
Town to reduce water demand. The cost implications of these would require
further investigation:

• Incentives : these could be in the form of rebates for ratepayers and businesses
that install rainwater tanks, reuse their grey water and install low-flush toilets.

• Regulations : building regulations should require that all new buildings be
equipped with water-saving devices, such as low-flush toilets and rainwater
tanks.

Given the high growth rates projected for the area and the already insufficient
resource capability, water demand management alone will not be sufficient to
meet future water requirements. Other potential supply-side interventions will
have to be resorted to. Some of these are discussed below:

• Berg WMA schemes : two schemes located on the Berg river are being
developed, as described in a report by BKS.30

• The Table Mountain group aquifer : the current belief is that the Table
Mountain group aquifer has great potential for water productivity; it is
already significantly utilized for irrigation and for municipal use
throughout the Western Cape. This option is also being considered for
water supply to the Cape Town Metropolitan Area. However, much
uncertainty still exists regarding the productivity, rate of recharge and
sustainability of the aquifer.
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• Other augmentation schemes : other schemes that could be developed in the
short to medium term include the Cape Flats aquifer, the Lourens River
diversion scheme and the Eerste River diversion scheme.31

• Reuse of effluent : the city of Cape Town reuses 9 per cent of its treated
effluent.32 There should be incentives to encourage industries and other wet-
processing systems to recycle their wastewater. At a domestic level, the re-use
of grey water should be encouraged.

• Water harvesting : the installation of rainwater tanks in homes and
commercial buildings for use in gardens, swimming pools and sewerage could
be encouraged with incentives.

• Modification of catchment vegetation : the Working for Water Programme aims
to remove invasive alien tree species (wattle, pine, etc.) from catchments in
South Africa. By modifying the vegetation in catchments where water-thirsty
vegetation with high transpiration rates has reduced the stream flow, the
available water supply could be increased. Invading alien plants cause the loss
of some 7 per cent of the flow in South Africa’s rivers each year.33

• Seawater : the supply of seawater for certain domestic uses (e.g. swimming
pools and sewerage) should be investigated further.

• Desalination : the energy intensity and high financial costs of production
have, so far, made this technology unviable. However, the unit price of
desalinated water internationally is dropping continually as technology
improves. The major stumbling block, however, is that the Western Cape will
be faced with an ‘energy crunch’ in the future.34

• Improved integration of climate variability information into decision-making : a
Water Research Commission-funded project, Climate for Water, is exploring
ways to enable water resource managers to integrate information about
climate variability on an annual timescale in order to better manage
resources, given the expected seasonal variation. Adapting to annual
variability can be seen as an adaptation to climate change.

Storm water

The damaging floods in March 2003 and April 2005 were due to heavy
rainfalls over a short period of time. The extent of the damage in the Western
Cape province during this period exceeded 260 million rand.35 Furthermore,
storm water drains in the area are prone to blockages – sand from the Cape
Flats is blown into the drains during the dry summer months and then
obstructs rainwater drainage during the rainy winter season and, more
specifically, during times of unpredicted heavy storms and intense rainfall. In
the ‘leafy’ suburbs, leaves block the drains, particularly in the autumn, with
the same result. These blocked drains cause flooding and damage to property
and infrastructure. This is also true in areas where there is no drainage
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infrastructure, such as informal settlements (mostly on the Cape Flats). Poor
drainage also has other adverse impacts upon the livelihoods and health of
low-income households.

Impacts and vulnerabilities. The intensity of rainfall in the Western Cape can
be expected to change due to climate variability. An increase in the number of
extreme events will have the effect of substantially increasing the losses to the
public and private sectors, as well as increasing personal hardship for the people
directly affected.

Adaptation initiatives. The city has an extensive storm water and flood risk
infrastructure and an elaborate hydrological monitoring network.36

Further risk reduction initiatives would include:

• ongoing monitoring and warning of impending disaster risks, with the help
of the provincial weather and hydrological monitoring stations;

• reducing the impacts of these natural hazards through infrastructural means
such as flood detention ponds and weirs;

• increasing the flood event return period that structures are designed to
accommodate;

• the ongoing maintenance of storm water drains to clear them of sand build-
up and rubbish; and

• the development of resilient infrastructure to include appropriately designed
and constructed low-income homes, and storm water drainage and sewage
treatment installations to cope with flash floods.

Fires

There are large areas of natural vegetation (mainly fynbos) within the city’s
municipal boundary, including the Table Mountain National Park, which are
subject to bushfires. These bushfires normally occur, on average, every 15 years or
so, with actual intervals between fires ranging between 4 and 40 years. The
prevailing warm, dry summers are conducive to fires, which are common between
November and March each year, especially when hot, dry, windy conditions prevail
for several days.37 These fires, while necessary for the regeneration of the fynbos and
renosterveld, sometimes get out of control and cause damage to urban infrastructure.

Impacts and vulnerabilities. Based on modelling, the frequency and intensity
of wildfires is expected to increase substantially due to lower rainfall (reducing the
moisture content of fuels), lower relative humidity, longer droughts and higher
wind speeds. High fire risk conditions are projected to almost triple in the west
of the province. This will have a negative effect on biodiversity, soil structure and
the spread of fire-adapted alien invasive plants, which would further alter and
enhance fuel loads, making wildfires more intense. Plantations and buildings will
be subject to increased risk.38
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The soil erosion caused by winter rains after the summer fires further reduces
the chances of indigenous vegetation recovering. For example, a study conducted
in the Western Cape revealed that 6 tonnes of soil per hectare were lost following
fires in pine stands compared to 0.1 tonnes per hectare following a fire in an
adjacent fynbos area.39

Adaptation initiatives. Since management strategies to influence the
frequency and intensity of fires in fynbos have been unsuccessful in the past, it
may be appropriate to adopt defensive measures as well.

Some adaptation responses to fire risks would include:

• increased training in ecological fire management to improve control of the
necessary burning of fynbos vegetation;

• increased fire-fighting capabilities, including greater training and investment
in capacity for fire-fighting, as well as rapid and effective response to fires
using aircraft;

• removal of plantations, especially in areas where future climate change might
make them less productive;

• control of alien invading plants as a specific focus for managing the risk of
damage by wildfire;

• appropriate fire breaks between vegetation and residential areas; and
• erosion protection to avoid loss of top soil due to post-fire rains.

Coastal zones

A change in global surface temperature is likely to be accompanied by worldwide
sea-level rise through three main mechanisms: the warming and associated
thermal expansion of the oceans, the melting of glaciers and, to a much lesser
extent, the polar ice balance (Greenland and the Antarctic).40

It is suggested that specific locations be carefully evaluated in terms of their
vulnerability to the following five potential impacts:41

1 increased exposure to extreme events (which themselves might increase in
frequency or intensity);

2 increased saltwater intrusion and raised groundwater tables;
3 greater tidal influence;
4 increased flooding (frequency and extent); and
5 increased coastal erosion.

Impacts and vulnerabilities. The city of Cape Town’s coastline, for example, has
many sandy areas with a high potential for erosion as a result of the high-energy
wave regime. In addition, the most significant impacts of sea-level rise are
expected in those areas where problems are already being experienced. In most
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cases, these are areas where development has taken place too close to the high-
water line or at too low an elevation above mean sea level.

A case study conducted by Hughes42 in 1992 showed that a 1m rise in sea
level would cause damage to private property in Muizenberg and on Woodbridge
Island in the order of tens to hundreds of millions of South African rand
(property values have since risen sharply). A new study, commissioned by the
City of Cape Town in 2008, suggests that rising sea levels and increasingly
frequent storms could affect developments proposed for coastal sites, making
Cape Town ‘particularly vulnerable’ to the effects of climate change.43

Adaptation initiatives. Proposed planning and mitigation measures to manage
the potential coastal impacts should include:

• The development of a coastal vulnerability map using GIS, where sites are
assessed according to the scale of potential impacts with respect to sea-level
rise. A point-rating system, whereby the vulnerability of sites can be evaluated
objectively, should be initiated.

• The development of a shoreline management plan to include the protection
of the ecological water reserve for estuaries. Ribbon development close to the
shore should be avoided and buffer zones should be maintained.

• There should be a review of the existing regulations and bylaws – for
example, more stringent set-back lines for developments.

• A maintenance and monitoring programme for existing coastal infrastructure
should be established.44

• The design of structural mitigation measures, such as coastal protection/
developments/ structures specifically to compensate for the effects of sea-level
rise. These would include breakwaters, revetments and sea walls, which
protect infrastructure such as housing, promenades, pavements and parking
areas from direct wave action and under-scouring.

The question arises as to when and to what extent coastal protection measures
should be implemented to deal with possible future sea-level rise.

Conclusions

This chapter presents a methodology for municipalities to develop an
integrated adaptation plan. However, the MAP should not be seen as a one-off
process. It should be used initially to educate planners concerning these
potential impacts and to develop both sectorally based and cross-sectoral
interventions. With time, the integration of climate-sensitive actions into
development planning should become commonplace in all municipal
departments and their strategic plans.
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An integral part of the MAP is the inclusion of an early warning system, where
daily and seasonal weather forecasts are monitored to identify any pending impacts
and potential disasters. A communication protocol is required to ensure that early
warnings from the relevant entities are effectively communicated to the affected
authority and communities so that appropriate interventions can be initiated.

A number of potential barriers to implementing a MAP do, however, exist.
Issues such as low local human capacity to undertake this kind of planning and
the limited knowledge and understanding of climate issues at local and municipal
level are some of the more obvious obstacles. Limited financial resources and
competing priorities often result in medium- to long-term planning being
sidelined, while projects that do not fit into the short political life of decision-
makers are not implemented. It is difficult to convince decision-makers to
consider the need for a climate strategy when the climate projections cover a
longer time horizon than the political and development framework and are
associated with high uncertainty. Finally, in the absence of a legislative
framework, not all municipalities will undertake comprehensive and consistent
adaptation planning.

The case study of the city of Cape Town has shown that although it has no
formal adaptation strategy in place, there has been enough momentum to initiate
a framework that can then, ideally, be used to leverage implementation action.
Gaining political support could help to provide the necessary resources to ensure
that the MAP is taken seriously and is implemented. Although there are not many
activities in the city that currently are called adaptation actions, there are many
ongoing activities which already facilitate adaptation to climate variability in that
they reduce the impacts of climate variability, and that could therefore be supported
as climate change adaptation actions that contribute to the climate change strategy
of the city of Cape Town. Developing a thorough methodology will require
integrating the expertise of government stakeholders, researchers, civil society and
the private sector. This integration may prove challenging and will depend upon the
level of support. Yet, it is clear that Cape Town is vulnerable to climate change, and
finding ways to adapt should be adopted sooner rather than later, when the costs of
recovery or change to infrastructure and planning will be even higher.

This chapter serves as an initial broad overview of the problems posed by
projected climate change and requires further attention to detail in many areas
before a clear adaptive strategy can be developed. Further focused study is
required, both to reduce uncertainties in many areas relating to the climate
projections themselves and to improve understanding of the implications of
impacts and sectoral and cross-sectoral vulnerabilities. More detailed assessments
of the vulnerability of key threatened areas, together with likely timelines of
impacts, should be undertaken. Along with this is the need to better understand
how institutions might ‘adapt’ to enable climate-sensitive development to become
the norm, not only in order to respond to projected climate impacts, but also to
ensure resilience to current climate variability.
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13

Adapting to Climate Change: Water
Management for Urban Resilience

Mike Muller

Introduction

It is anticipated that global warming and related climate changes that are
predicted to occur over the next century will significantly increase the weather-
related risks facing human settlements. However, while significant attention has
been focused on actions to mitigate climate change, less has been done to adapt
to a future that many believe is already beginning. Nor is it clear how such
adaptation can be promoted most effectively.

At the World Bank’s 2006 Conference on Development Economics in
Tokyo, Professor Michael Grubb of the UK Carbon Trust complained that
scientists and economists were talking past each other about the challenges of
climate change:

To date, this debate on impacts between economists quantifying
specific, potentially measurable and monetizable impacts, and scientists
focused on risk indices and scenarios, has been largely a dialogue of the
deaf. 1

The same may be said about the engagement in climate policy discussions of the
community of built environment practitioners, particularly the engineers who
conceive, design, build and operate the physical infrastructure that sustains our
urban societies.

The approach to the provision and management of that infrastructure will,
in substantial measure, determine the future vulnerability or, to use the inverse,
the resilience of urban communities to climate-related disasters. Despite this,
relatively little work has been done on the potential impacts of climate change
upon urban settlements in high-income nations, and even less in low- and
middle-income nations that are most vulnerable. The principal focus has
remained on the contribution of urban activities to climate change, mitigating
their effects rather than adapting to them.2
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There is an important debate about the relative importance for different
societies of mitigation, which addresses the drivers of climate change, versus
adaptation, which considers the measures necessary to accommodate such
changes.3 The ‘development rather than mitigation’ view has been most
succinctly expressed by environmental ‘dissident’ Bjorn Lomborg, who
recommended that:

… we should not spend vast amounts of money to cut a tiny slice of
the global temperature increase when this constitutes a poor use of
resources and when we could probably use these funds far more
effectively in the developing world. 4

A further consideration, particularly in poorer countries, is whether it is
necessary to distinguish between adaptation-specific activities and ‘normal’
development.

A strong case can be made for the allocation of additional development funds
to address the impacts of climate change in poorer countries on the basis of the
‘polluter pays’ principle. However, if resources are to be usefully directed to
adaptation, there will have to be clarity about the strategies proposed to do this
as well as some evidence of their efficacy. It is thus important to consider how
adaptation efforts can fit within the mainstream of development strategies. In
this, the water sector may provide some useful indicators and guidance in the
broader debate.

It is urgent to move beyond the mitigation and adaptation debate if only, as
Professor Grubb said, because the infrastructure we build today locks us into
patterns of behaviour for many years to come. He further noted that:
‘“Leapfrogging” in infrastructure, by trying to make choices at the leading edge
for the long term, is … a huge opportunity in the course of development.’5

Grubb was addressing primarily energy and development issues, which are
where the main mitigation challenges lie. Yet, the point is even more valid in the
water environment, which arguably will be most affected by climate change in
such key parameters as river flow.6 Furthermore, unlike energy infrastructure, the
useful life of large water infrastructure is often measured in hundreds of years,
and investments that are made today will still be operating under the new
climates of the 22nd century.

While the role of water management in mitigating flood and public health
disasters is well recognized,7 its effective execution may also have a role in
preventing less obvious slow onset disasters that are more insidious but arguably
as damaging, since they may lead to the collapse of the social, political and
financial viability of urban settlements.

This chapter considers the physical and financial implications for urban areas
of the potential impacts of climate variability and change on water resources. The
issues are illustrated in the context of sub-Saharan Africa, which is predicted to
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be one of the regions most affected and is certainly among the most vulnerable.
Some potential impacts upon urban communities are outlined, and areas in
which different practice could achieve better outcomes for city dwellers are
identified. Information and instruments required to translate the desirable
interventions into practical programmes of adaptation are highlighted which, if
given the same priority as climate change mitigation, could help to make urban
settlements more resilient to many types of disaster. Finally, a brief review is made
of the financial and institutional approaches that will have to be addressed to
promote effective adaptive action.

Instruments to manage variability, reduce 
vulnerability and build resilience

Building resilience to manage the impacts of variable climates on human activity
is the day-to-day business of water managers, whether in planning for weather
extremes or optimizing long-term resource utilization. This has been done
throughout the history of human settlements. Much of the simplest traditional
water infrastructure – the household rainwater cistern, the ‘tank’ in the Indian
town – enables households and communities to manage the variability of the
water resources upon which they depend, which, in turn, reflects their local
climate. The same is true for the simple river training, floodwalls and flood
diversion canals that protect many of the world’s towns and cities.

Over time, quantitative climate information and assumptions have been
embedded more formally into the design of this essential infrastructure, as well as
that of the water distribution and waste collection networks, roads and storm
water drains, and human settlements, more generally.

One way to manage the impacts of climate variability on water resources is
to capture and control river flows. Dams are built to retain and store flows that
are in excess of user requirements and to release them during periods when low
flows are not sufficient to meet user needs, a practice that can also serve to
maintain aquatic ecosystems. Alternatively, during floods, peak flows can be
stored for later release, avoiding flood damage by reducing maximum flows. Both
functions are important to sustain urban settlements and to avert disasters caused
by floods and droughts.

A further important function of dams is to store water as a form of potential
energy to generate electricity, without which healthy urban life is difficult to
sustain as settlements increase in size. Nineteen per cent of the world’s electricity
is currently generated from hydropower and there is substantial potential to
expand this, particularly in low- and middle-income countries.8 A specific benefit
of hydropower is that it does not usually generate significant quantities of
greenhouse gases and thus allows economic and social development to occur
without aggravating global warming.
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Other important waterworks include canals, tunnels and pipelines, which
not only supply human demands directly but, less obviously, create linked
systems that, by virtue of their multiple sources, suffer less variability and
therefore offer enhanced supply security. Equally, wastewater disposal and storm
water drainage systems contribute to the ability of communities to maintain their
activities and protect public health during extreme weather events.

The design of all these structures reflects formal quantitative assumptions
about climate since it takes into account likely variations in rainfall and stream
flow as well as likely storm intensities and maximum flood sizes.

The water managers’ armoury for addressing variability is not restricted to
infrastructural means. As important are the institutional mechanisms that, again
more or less formally, help to deal with climate variability and achieve such goals
as supplying water for people, industries and farms, and protecting communities
from flooding while sustaining ecosystems.

An obvious example is rules on water allocation that prioritize different uses
of water at different times. In many countries, water law and management
practice apply categories such as ‘winter water’ and ‘surplus flow’ to determine
who can use how much water and when. From this perspective, organized
drought restrictions should not be seen as supply failures, but, rather, as
institutional mechanisms to manage variability by prioritizing different water
uses during times of supply stress.

Beyond direct water management, institutional instruments such as land-use
planning can substantially reduce the vulnerability of communities to water-
based natural disasters if they are supported by reliable flood data that can be
provided by water managers. There is often a choice from a suite of hard and soft
instruments that can be applied to enhance resilience. In the case of floods,
resilience can be achieved by building infrastructure such as floodwalls;
alternatively, communities can be designed to be resilient by planning approaches
that do not allow settlements to be located in vulnerable areas; often, a mix is
most appropriate.

The development context and constraints 
before climate change

It might be expected that the threat of climate change would encourage greater
attention to building the capacity to manage the impacts of general climate
variability upon water resources. This is not (yet) to say that such specific action
is required in water resources management concerning climate change, although
the case is growing stronger. A risk-based approach would suggest that the evident
uncertainty about the climatic future should mean more explicit attention to
mechanisms that could help to manage it; from there, it is a small step to
recognizing that the bounds of variability may be changing.
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It is not clear whether that is happening yet, precisely because water resources
management is already so focused on dealing with climatic and weather
variability and there is, as yet, only limited scientific evidence for increased
variability beyond historic norms. It has been noted that most human societies
are inherently adaptive; however, it is anticipated that climate change will test
these coping capacities, which will need to be strengthened.9

Meanwhile, many poorer countries are not even able to manage their current
variability, not because the necessary strategies are unclear, but because the means
to implement them are lacking. They may reasonably ask why they should address
tomorrow’s climate change if they cannot afford to manage today’s drought.

This is evident in the challenge of maintaining reliable urban water supplies.
In low- and middle-income countries, generally, and in sub-Saharan Africa, in
particular, both industrial and domestic consumption are growing and more
water will be needed. The nature of urban living and modern industry requires
those sources to be reliable in the short term and assured over longer time periods.

At first sight, sub-Saharan Africa’s challenge is not so great. Of the 295 million
urban residents in Africa, 254 million are reported to already have ‘improved’ water
supplies10 (although, currently, these services are often not functioning
effectively).11 Assuming that the volumes consumed remain the same, only a
manageable 15 per cent increase in the amount supplied would be required to reach
100 per cent. However, urban growth of at least 50 per cent, or 150 million people,
is predicted between 2000 and 2015.12 If this occurs, a 60 per cent increase in water
volumes would be required if all urban residents were to be adequately served.

The challenge – and the opportunity – is to meet these needs in a manner
that ‘leapfrogs’ the current approaches and puts the countries and cities
concerned into a position that allows them not just to meet these new needs, but
to do so in a manner that leaves them more resilient to the potential impacts of
climate change. This would involve such ‘soft measures’ as conservation
programmes that would moderate the growth in demand. Another effective
approach would be to design cities with denser housing (rather than larger
gardens), which has been shown to reduce water use.13 In poorer countries,
however, this might be at the expense of domestic food security.

Whatever strategy is chosen, substantial investments will be required. An
important question is, thus, what impacts climate change could have upon the
nature and costs of the investments required to meet urban water needs in Africa
and other poor regions.

The challenges of climate change for water 
resources management

To address this question in the water sector, it is necessary first to consider the
potential impacts of climate change upon water resources and their management.
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It has been suggested14 that if energy generation and use is the focus of
mitigation, water management will be at the centre of adaptation to climate
change. The general picture of global warming is reasonably clear and agreement
is growing about its regional dynamics and scale. However, moving from
temperature predictions to reliable predictions of seasonal rainfall and its
distribution in time is already a big leap. The current rainfall predictions are
indicative rather than definitive and are still relatively general, which limits their
utility for indicating the type of strategic challenges that may arise. Similar
caveats apply to the other key dimension of climate variability that has an impact
upon water resources and their management – namely, the predictions that there
will be significant changes in weather extremes, with more powerful, intense
storms and longer, more intense droughts.15 This would be consistent with the
underlying analyses of energy flows that underpin predictions of global warming
and are of great importance for water managers who necessarily focus on extreme
events.

The more difficult questions relate to the impacts of changing temperatures
and rainfall upon water availability. To fully understand the impacts of climate
change upon urban communities, it is necessary to be able to predict average
rainfall and stream flows (to determine water availability and storage
requirements), as well as extreme flows and storms (to design infrastructure to
withstand them), as well as to predict potential changes in groundwater yields.

The effects of climate change on available water (as opposed to rainfall) are
more difficult to predict because a number of effects combine. Crudely put: if
temperatures increase, there will be more evaporation from the soil and
transpiration from plants and less water will flow into rivers or seep into the
underground aquifers; but if rainfall is more intense, a larger proportion of water
will flow off the ground as floods or infiltrate through the soil into the deeper
groundwater.

Changes in carbon dioxide concentrations, temperature and rainfall will have
an impact upon plant cover and land use which will, in turn, substantially affect
the behaviour of water when it falls as rain. And there are direct anthropogenic
impacts to be considered – changes in land use (e.g. cropping systems) will also
affect the availability of water and add a further layer of complexity to the
uncertainty about the ‘natural’ processes.

It is thus clear that the prediction of stream flows and groundwater regimes
under climate change scenarios is an ambitious undertaking; although efforts
have been made for some regions, they still provide a relatively wide range of
possible outcomes.16

The important conclusions for the purposes of this chapter are as follows:

• Changes in temperature and rainfall will usually be amplified in the response
of water resources systems, with relatively small (10 to 20 per cent) changes in
rainfall leading to large (up to 75 per cent) changes in perennial stream flow.
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• Uncertainty grows as extrapolations are made from climate models related to
temperature predictions, to rainfall predictions and, finally, to predictions of
the stream flow consequences.

Paradoxically, one consequence of the wide uncertainty is that water managers
still use historic climate data to design water infrastructure. Thus, in order to
determine the likely yield of a dam, the usual approach is either to:

• use an historic record of the flows in relevant streams and rivers to determine
how much water can reliably be made available; or

• use rainfall and runoff data from a similar area and ‘synthesize’ an artificial
‘record’ of flows.

In both cases, parameters derived from historic information will be used to
generate a series of predictions of possible stream flow sequences against which
the performance of the structure will be evaluated. The details of these
approaches are not important for the purposes of this chapter, save to say that
both are dependent upon local or related historic records of stream flow and
rainfall and, equally important, upon the ability to use the data and translate
them into useful information.

A practical example of the challenges posed by climate change is the decision
that will have to be taken in South Africa within the next decade concerning the
source of the next major increment in water supply to the metropolitan area of
Johannesburg and its surrounding industrial heartland. There are two main
options:

• expand the existing Lesotho Highlands Water Project, taking more water
from the Orange River system that rises in the mountains of Lesotho and
flows to the Atlantic Ocean on the border with Namibia and putting it into
the Vaal system; or

• capture water from the other side of the divide, from the Thukela and other
shorter, smaller rivers that flow to the Indian Ocean on the east coast and
transfer it into the Vaal Basin.

Whichever option is chosen, this will be an expensive project, costing over US$1
billion and taking up to a decade to plan and build, so decisions cannot be taken
lightly. The comparative costs of the alternatives are not dissimilar.

Factors that will affect the decision include differences in operating costs,
since one solution will require less pumping than the other; and political
considerations, since the existing treaty between Lesotho and South Africa
provides for further phasing of existing transfers, and a further phase would bring
a substantial cash injection to Lesotho. Capital costs will, however, always be an
important determinant of the lifetime cost of water delivery, so the comparative
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costs of the alternatives are an important issue. But apparent differences in the
unit cost of water calculated for each scheme may be meaningless if the
hydrological forecasts upon which they are based are not reliable or comparable.

Climate science offers only limited help in making this decision. Thus, it is
currently suggested that for South Africa, in terms of rainfall, the west and south-
western parts will become drier and the east of the country will stay the same and
may even become wetter.17

In this case, climate predictions would suggest that it might be less risky to
opt for an eastern river source, which is predicted to be less affected by climate
change (less risky) and would have the advantage of maintaining a balance
between different sources – a more resilient system. But it is not clear how much
weight should be given to these criteria. Nor is it known how firm the numbers
will be when the decisions have to be made and firm information – about, say,
project costs – traded off against what is, at present, far less precise climate
information.

This example illustrates why many practitioners argue that it is not yet
possible for water managers, particularly in low-income countries, to take climate
change into account in their designs. Yet, the logic remains that water
investments should be designed to perform under future climate regimes. The
present challenge is thus to improve the descriptions of those possible regimes by
reducing the uncertainties that multiply at each step of the hydrological cycle,
from temperature predictions to estimates of rainfall, evaporation, infiltration
and runoff, in order to obtain reasonably reliable predictions of stream flow and
groundwater availability. If these flows can be predicted better, they can be
managed better.

The underlying concern remains that if rainfall changes, if the increased
variability and event intensity that is predicted actually occurs, this will impose
substantial costs upon poor countries. The next step is thus to gain some
indication of the magnitude of those costs and then to consider how they might
be addressed.

Water resources costs: The added burden of adaptation

For policy purposes, it is important to distinguish between the costs of managing
‘normal’ climatic variability and those of managing the new impacts of climate
change. If climate change is driven by the activities of certain communities or
countries, it may be appropriate to apply the polluter pays principle, which
would have significant implications for financing the costs that may be incurred.
However, the boundary between ‘normal’ and ‘new’ variability is not obvious. It
is thus difficult to determine what proportion of a dam helps to manage ‘normal’
variability and what proportion of the ‘new’ variability is ‘created’ by climate
change.
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Preliminary estimates of some of the additional costs that may be imposed on
cities in sub-Saharan Africa have been made by the author18 in an attempt to
determine their order of magnitude, as well as to identify some of the underlying
issues. Changes in rainfall patterns and stream flows will have a direct impact
upon cities, some of which are very obvious:

• Water supply is costly and, if availability of water is reduced by climate
change, larger conurbations will have to change their consumption patterns
or bring their water from further afield.

• Standards for wastewater treatment typically depend upon the extent to
which effluents can be diluted when they are discharged; so if stream flows
are reduced, treatment must be intensified to maintain the same
environmental standards. Municipal wastewater collection and treatment is
already the most costly element of infrastructure required to meet the
Millennium Development Goals (MDGs) for health, water and
environmental protection19 and, since treatment costs increase exponentially
with the degree of purification required, climate change could add
substantially to the burden of meeting these MDGs.

• Any increase in the intensity of rainfall and, therefore flooding, as a
consequence of climate change will increase the cost of roads and storm water
drainage, as well as of flood protection works.

• Many cities in sub-Saharan Africa are dependent upon hydropower for their
electricity, and power failures can lead to more general ‘urban failure’.

There are also less direct effects:

• Flood risk affects the area of land available for settlement as well as the cost
of protecting vulnerable land from flooding (the challenge of sea-level rise,
which is relevant for many coastal cities, is not considered here).

• Bringing water from further afield not only increases the cost of water, but
also expands the area affected by competition with cities for water. This will
have economic impacts upon the cities themselves, whether through higher
prices for rural products or the aggravation of rural unemployment, leading
to urban migration.

Accurate costings of these impacts will obviously depend upon the details.
However, in order to obtain an order of magnitude estimate of the potential cost
implications of climate change for African cities, the following first-order
assumptions have been made:

• The reliable yield from dams will reduce at the same rate as stream flow: a
30 per cent reduction in average stream flow will result in 30 per cent less
yield and the unit cost of water will go up by more than 40 per cent.
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• Where waste is disposed into a stream, if stream flow is reduced by 30 per
cent, the pollutant load must be reduced by 30 per cent. Since in order to
achieve lower pollution levels, treatment costs increase rapidly, it is reasonable
to assume that the overall cost of wastewater treatment could double.

• Power generation reduces linearly with stream flow (the true situation is
somewhat more complex and depends upon the way in which schemes are
operated); a 30 per cent reduction in stream flow will result in a 30 per cent
reduction in electricity production.

Applying these assumptions, and using unit costs derived from actual project
experience,20 the costs of adapting existing urban water infrastructure in Africa
have been estimated at between US$1050 million and US$2650 million annually:

• urban water storage: US$500 million to $1500 million (capital cost); US$50
million to $150 million (annual equivalent);

• wastewater treatment: US$100 million to $200 million annually;
• electricity generation: US$900 to $2300 million annually (this does not

include the cost of rehabilitating deficient infrastructure).

The costs of new development are also likely to rise by between US$990 million
and US$2550 million annually. In general, the marginal unit cost of water
resources development for water supply to urban areas increases with each new
increment of supply. It is therefore conservative to assume that the costs of
adapting to climate change for new developments will be similar to those for
existing systems:

• urban water storage: US$150 million to $500 million (capital cost);
• (new water supplies for 150 million): US$15 million to $50 million (annual

equivalent);
• wastewater treatment: US$75 million to $200 million annually (assuming an

additional 100 million served);
• electricity generation: US$900 to $2300 million annually (assuming installed

capacity doubles).

There are many other costs that will be imposed upon urban areas through the
water cycle. The economic impacts of rural water shortages upon urban areas are
particularly difficult to quantify. However, urban migration is a management
challenge for almost all African cities and any declines in rural production will
certainly have second-order impacts upon city economies.

There will also be additional costs incurred in the construction of roads and
storm drainage, from the loss of use of land that is threatened by floods, and for
additional flood protection for existing settlements. These and other indirect
effects are site specific and less easy to cost on a regional level.
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The issue of flooding highlights the fact that climate change may not always
be negative, as the availability of land for urban settlement may be positively
affected by a reduction in rainfall. However, if the frequency and intensity of
extreme storms rises, flood lines may not change significantly in a drier future,
which would counter any possible expansion of habitable area. All of these effects
call for elucidation and quantification to enable communities to understand what
will be needed to deal not just with current variability, but also with changes in
its nature.

While this discussion has focused on the costs of actions to address the
potential water-related impacts of climate change, a final critical point needs to
be made. If the actions identified to make urban settlements more resilient are
not taken, flood disasters, water and electricity supply interruptions, with the
resulting economic public health and economic implications, will occur. The
costs of such disasters will almost certainly be greater than the costs of prevention
through appropriate adaptation measures. At the extreme, if disasters place
unsustainable financial burdens on urban societies, this could lead to the collapse
of public services, and climate change will have created ‘failed cities’.

Some practical challenges and responses

Financial challenges

The additional costs outlined above (US$2 billion to $5 billion annually) could
feasibly be met from national sources given current levels of expenditure,
supplemented by aid funding which, in the case of sub-Saharan Africa, reached
US$23,276 million in 2004.21 They do, however, demonstrate that climate
change could add substantially to the overall cost of urban management and of
doing business in urban areas (which is already high and, arguably, underfunded).
This will have an impact upon the ability of urban centres in low-income nations
to compete in an increasingly globalized economy and will undermine their
ability to sustain themselves. In this more generic manner, the impacts of climate
change through water threatens to leave them more vulnerable to disaster.
Specific responses are therefore needed to the challenges that are emerging.

This concern is shared in a working paper of the UK government’s Stern
Review:

… the adverse impacts of climate change will be felt most acutely and
soonest by poor people in developing countries, in particular in Africa,
because of their geographical and climatic conditions, their high
dependence on agriculture and the natural environment, the
deficiencies in their infrastructure, and their limited capacity and lack
of financial and technical resources to adapt.
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An equitable international response to climate change must include
not just action on mitigation, therefore, but also finding ways of
working with the most vulnerable countries and regions to ensure their
growth and poverty reduction goals are not compromised. 22

Another recent review of the challenges of funding the costs of adapting to climate
change asked whether these should be funded through the 1992 United Nations
Framework Convention on Climate Change (UNFCCC) or through other
channels, and concluded that a twin-track approach would be appropriate.23

Certain institutional interests would seek to ring-fence funds for climatic
adaptation purposes. Given the difficulty in distinguishing between adaptation
and normal development, this is likely to lead to suboptimal investments. The
present approach of the UNFCCC, which tends to separate climate adaptation
from the ‘normal’ development and management activities, has been questioned.
The result, say Bouwer et al, is that ‘most of the proposed funding … is limited
to capacity-building (such as joint research and knowledge exchange) and does
not include the provision of funds for the implementation of adaptation’.24

On efficiency grounds, the objective should be for adaptation efforts to be
integrated within the mainstream of development rather than kept in a climate
and sustainability ‘ghetto’. For low-income countries that are aid dependent,
particularly in sub-Saharan Africa, the objective should be to place additional
funding in appropriate national budgets and support the planning and budgeting
processes to ensure that new investments are ‘climate proofed’. This would be
consistent with the 2005 Paris Declaration on Aid Effectiveness,25 although it
may frustrate those who wish to see quick and dedicated climate-related action.

The Paris Declaration offers a more elegant and integrated approach; but to
take advantage of the opportunities it offers, the countries concerned will need to
put credible planning and budgeting processes in place. It would also be necessary
to build into existing monitoring and reporting mechanisms ways to track
expenditure related to adaptation activities. The objective should be to keep
governments (on both sides) honest about the processes of resource mobilization
and allocation, as well as to focus continued attention on the need to integrate
climate adaptation within normal development activities.

Institutional challenges

Considerations of finance for adaptation lead logically to the institutional issues.
One relevant institutional response is the emergence of the philosophy and
methodology of integrated water resources management (IWRM). Although
some advocates see it as a ‘soft’ alternative to infrastructure development, relying
solely on instruments such as demand management, IWRM promotes a holistic
approach to water management and recognizes that there are multiple pathways
to building resilience. The methodology seeks to identify and then to achieve
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trade-offs between different water management objectives, including
environmental sustainability, economic efficiency and social equity, all of which
have implications for disaster mitigation. It encourages the structured
engagement of communities and sectors affected by water in its management to
ensure both that optimal (direct and indirect) mechanisms are identified,
considered and applied, and that an understanding of water constraints and
challenges is diffused into the society.26

The potential contribution of an IWRM approach to the achievement of
sustainable development was emphasized by world leaders at the 2002 World
Summit on Sustainable Development, where they agreed that all countries should
establish water management plans by 2005 (a target that has proved to be
aspirational and motivational rather than practical, but no less important for
that).27 The challenge is now to undertake the institutional and technical work
that will make it possible to translate the policy aims of IWRM into practice, in
disaster management as well as in other dimensions. The mainstreaming of
adaptation or ‘climate proofing’ into national development plans is a key
institutional action for which IWRM offers a potentially useful channel.

Technical challenges

There are serious practical challenges facing climate scientists and water managers
who seek to build the resilience of urban settlements to climate change. The
quality of the climate and hydrological information needed to design new water
management infrastructure is grossly deficient. In poorer developing countries,
this has not been particularly obvious over the past decade because of the decline
in investment in water infrastructure during the period. This was a result of
financial constraints as well as donors’ attempts to achieve greater private-sector
investment and their concerns about the social and environmental impacts of
large water projects.28 It is now recognized that additional investments are
required and that public channels are appropriate, particularly for large, long-
term investments, which, historically, in order to be undertaken, have required
public finance by virtue of the long-term nature of their returns.29

A natural consequence of the drought in water investments over the past few
decades is that less priority has been attached to collecting and processing the
hydrological data that are used to support them. This has contributed to a
marked decline in hydrological networks over recent decades.30 This trend has
been exacerbated by progress in the use of remote systems in other dimensions of
observation, which has reduced dependence upon terrestrial networks; detailed
hydrological observation has yet to benefit from such remote platforms.31

Thus, many poorer countries have limited information to support the
planning, development and management of water. This situation cannot be
reversed overnight since, to be most useful, hydrology requires long, relatively
complete records and there is a danger that when the investment tide turns, it will
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not be possible to use the new funding flows optimally. There is a growing
awareness that existing design standards are perhaps no longer applicable. As one
practitioner commented:

Marked changes in design floods are possible … with potentially serious
repercussions in design hydrology. In the absence of more comprehensive
understanding, it is not possible to make reliable predictions at present,
so practitioners are faced with the risk of either over-designing their
infrastructure or incurring potentially unacceptable levels of risk. 32

Design hydrology will, therefore, in all likelihood, have to be re-
evaluated in the light of anticipated climate change and the enhanced
climatic variability associated with this change. 33

The rehabilitation of hydrological monitoring infrastructure and the recovery and
use of existing as well as new data to provide hydrological design parameters that
reflect the risk of climate change-induced variability are among the areas where
‘leapfrogging’ into the future is possible. But while the development of methods for
remote monitoring of stream flow is on the global climate agenda, there is little
urgency, perhaps because the promised water investments have yet to create the
demand. Similarly, many countries have yet to begin to review their design standards
from a climate change perspective. Delays in this area will leave urban communities
and poor countries more vulnerable to natural disasters than they need to be.

Conclusions: Water resources management could be
a lead sector in building urban resilience to climate

change

Over the past two decades, energy has rightly taken centre stage in the climate
change debates, with a focus on mitigation. The stakes are high since mitigation
measures affect the very structure of the world’s energy and industrial economies.
While mitigation was correctly the initial focus, because prevention is always
better than cure, attention must necessarily turn to adaptation as yesterday’s
predictions become today’s realities. This will mean a growing focus on water, as
is evident in urban areas where a failure to address the impacts of climate change
upon water resources will leave their inhabitants vulnerable to a range of
immediate acute and slow-onset disasters.

These include:

• flood damage to urban settlements;
• water and electricity supply failures affecting public health as well as the

economic performance and sustainability of urban communities; and
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• financial costs that will render water and related services unaffordable,
potentially causing their collapse, with the same results.

While the costs are high, as illustrated by the costings presented earlier, they are
not nearly as high as those required to meet the challenges of mitigation,
estimated by the Intergovernmental Panel on Climate Change (IPCC) to be
between US$60 billion and US$240 billion.34 Adaptation measures will, in many
cases, be integral to the process of achieving the social goals established in the
Millennium Declaration.35 And beyond the MDGs, building resilience into
water management systems will also be critical in meeting the needs of economic
water users upon whom urban economies depend.

For these reasons, the water sector may provide practical opportunities, at a
realistic scale, to begin to make progress towards the goals of adaptation while the
debates about the restructuring of the world’s energy and industrial technology
platforms continue. Water could become a lead sector in the process of
developing appropriate models for financing the implementation of adaptation.

The sooner a start is made, the easier it will be to accommodate adaptation
into ‘normal’ development. Conventional public finance approaches, if applied
globally, would invest in adaptation now to avoid later crisis spending. In the
context of the reform of overseas development assistance, the most effective
approach would be to link additional budget support transfers to planning and
budgeting processes that are enhanced to identify adaptation elements of existing
spending items. In a world where rules were just and fair, a substantial proportion
of these incremental costs would be met by those whose actions have imposed
them, in terms of the polluter pays principle.

Effective action for adaptation has hardly begun; but there are many
opportunities. Climate change is a slow-onset disaster that offers communities
and nations time to adapt. The water cycle offers its own natural learning
opportunities; it can be a patient teacher for those who are willing to learn.
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14

Climate Change Risk: An Adaptation and
Mitigation Agenda for Indian Cities

Aromar Revi

Introduction

India is one of the more vulnerable and risk-prone countries in the world.1 Over
the centuries, its population has learned to cope with a wide range of natural and
human-made hazards. Rapid population growth, high densities, poverty and high
differentials in access to housing, public services and infrastructure have led to an
increase in vulnerability over the last few decades, especially in India’s urban
centres.

Climate change is expected to increase the frequency and intensity of current
hazards and the probability of extreme events, and to spur the emergence of new
hazards (e.g. sea-level rise)2 and new vulnerabilities with differential spatial and
socio-economic impacts. This is expected to further degrade the resilience of
poor, vulnerable communities, which make up between one quarter and one half
of the population of most Indian cities.3 Climate change is set to become an
increasingly important strategic economic and political concern as it starts to eat
into India’s high economic growth rates and affect the lives and livelihoods of
millions of people.

Overall risk in Indian cities is typically associated more with vulnerability
than with hazard exposure. It is therefore important to understand a number of
processes that are rapidly changing India’s urban landscape, altering livelihood
opportunities and wealth distribution, which, in turn, affect the vulnerability of
many communities and stakeholders, and their capacity to adapt to long-term
risks.

This analysis focuses on an adaptation-led strategy to reduce climate change
risk and increase urban resilience in keeping with India’s development priorities
and challenges. It shifts the emphasis from the mitigation and techno-centric
response that has come to dominate the Organisation for Economic Co-
operation and Development (OECD)-led climate crisis discourse and suggests a
more independent route to a more sustainable future.4

Climate change in India can be seen from the perspective of a three-part
transition: a demographic transition that will see India’s population stabilizing at
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about 1.6 billion in the 2060s; a simultaneous rural to urban (RUrban)
transition, which will add nearly 500 million people to the country’s urban
settlements over this period; and a simultaneous environmental transition –
brown (water, sanitation and environmental health), grey (air and water
pollution) and green (climate change).5 Multiple sub-regionally nuanced
strategies will be needed to respond to the climate crisis, drawing on considerable
local experience of coping with uncertainty and with systems far from
equilibrium.

India’s RUrban transformation (2000–2050)

Unlike most of the rest of the world, South Asia has been marked by low levels
of urbanization despite being one of the most urbanized pre-colonial regions of
the eighteenth century.6 Only about 30 per cent of India’s population lived in
urban areas in 2006;7 but given its 1.1 billion-plus population, its urban
population still exceeds that of Japan, the European Union and most other
regions of the world except for the US and China.8 Over the next 40 years, India
will experience one of the most dramatic settlement transitions in history as its
urban population grows from about 300 million to more than 700 million.9 By
2025, an estimated 70 Indian cities are expected to have a population in excess
of 1 million. Three mega-urban regions – Mumbai–Pune (50 million), the
national capital region of Delhi (more than 30 million) and Kolkata (20 million) –
will be among the largest urban concentrations in the world.10 By mid-century,
India could have both the largest urban and rural populations of the time. This
will have an important bearing on global climate vulnerability and the potential
for mitigation and adaptation. Hence, the future direction of Indian
urbanization is not only an important domestic concern, but also a major
international opportunity to demonstrate the viability of a more sustainable
development.

Urban India overtook rural India in its share of gross domestic product
(GDP) in the late 1990s, and urban per capita incomes are more than three times
those in rural areas.11 India’s agricultural sector currently contributes only 18 per
cent of GDP, although it provides livelihoods to almost 60 per cent of the
population as well as the biomass and ecosystem services that enable the
‘metabolism’ of most Indian cities to function.

Climate change-induced disruptions and the pre-emption in net primary
productivity by human systems12 could force many Indian cities to adapt in the
medium term by altering their extractive relationship with the countryside.
RUrbanism, or ‘keeping the balance between rural and urban areas’, will become
increasingly important in India, as rural–urban and inter-urban resource and
socio-economic conflict became sharper in the future.13
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Migration in India has been constrained by a number of factors, including:

• a crisis in creating new urban formal-sector livelihoods in an era of globalization;
• dismal living and working conditions for the poor in cities;
• high urban poverty levels driven by high costs of living;
• poor improvements in rural education until the late 1990s; and
• a slow process of social transformation.14

It is possible, however, that climate change may force the pace of rural–urban
migration over the next few decades. The ongoing agrarian crisis in rural India15

could be catalysed by climate change into a migratory rout, driven by increases in
extreme events, greater monsoon variability,16 endemic drought, and flooding
and resource conflict.17 These scenarios have only been broadly articulated but
not systematically investigated with fine-grained geographic information system
(GIS)-linked models.18

Alternatively, severe stresses induced in urban areas due to a combination of
water scarcity, the breakdown of environmental services, flooding and consequent
water-borne diseases and malaria-type epidemics, along with a rapid rise in health
expenditure, could maintain the low current level of rural–urban migration. A
greater mobility of the backward castes and women could also, in time, alter the
migration dynamics across demographically dominant northern and eastern
India. This indicates the potential for climate change (along with other driving
factors) to induce bifurcation behaviour in migration and, hence, urbanization
trends – questions that need to be investigated further.

Maintaining two-way flows of food, biomass, water, energy, livelihoods,
products and services across the RUrban continuum will be crucial to India’s
‘development transition’ and medium-term sustainability. Climate change
adaptation in both cities and their embedding countryside is an undiscovered
near-term policy concern – intimately connected with livelihoods and drought,
biomass and energy security.19

India, like China in the 1990s, is starting to massively ramp up infrastructure
investment in the energy, water, transportation and telecommunications sectors
to support their growth and expansion. These systems have a typical service life
of 50 to 150 years. More importantly, they are difficult to replace (if damaged or
destroyed in extreme weather events), challenging to relocate (if necessary for
effective adaptation) and may spur significant greenhouse gas contributions (if
executed using business-as-usual technologies and management methods).

The challenge for India is to re-examine whether its current development
trajectory and growth framework may be more appropriate than an exclusive
engagement with mitigation and greener systems and production. A climate
policy that has a closer fit with India’s initial conditions, strengths and capacities
may serve both the country and the world’s purposes better than a ‘recycled’
programme of action from a rather different context.
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Urban renewal, disaster management and climate
change mitigation

India made a late start in engaging with questions of climate change despite early
environmentalist and academic positions on these questions.20 While climate
change has started to creep into the post-Rio (1992)21 global policy agenda, India
has been preoccupied with pressing poverty, economic and social development
and political challenges.

India has undertaken four officially supported national technical assessments
of climate change risks, impacts, adaptation and mitigation options since 1992.22

These assessments were all largely externally funded and driven; they were
coordinated by the Ministry of Environment and Forests, which is far from being
a politically powerful ministry; and they were primarily focused on the ‘science’
of climate change, closely allied to the Intergovernmental Panel on Climate
Change (IPCC) agenda and trends of analysis.23 They were therefore weak in
engaging with the complex nature and intensity of vulnerability in India,
probably the most critical factor in risk mitigation.24

The official Indian position on climate change has been strongly tied to
fixing responsibility for correcting historical emissions by the OECD
countries.25 Hence, it is focused largely on the greenhouse gas–energy nexus, its
impact upon energy security and technology transfer26 and the post-Kyoto
opportunities for financial leverage from expected cross-national flows of capital;
or as a fringe issue taken up by environmental non-governmental organizations
(NGOs) and activists that has little to do with the mainstream economic
‘development’ agenda.27 The debate on adaptation has been weak despite a
moderate Indian scientific presence in the IPCC process and an Indian IPCC
chair since 2002.28

A great missed opportunity in the last 15 years was the chance to connect
the official climate change adaptation agenda with the rapid development of
natural hazard risk assessment, management and mitigation capacity after
devastating disasters in the 1990s and the early 2000s. A series of moderately
successful post-disaster reconstruction and mitigation programmes, especially
after the Orissa super-cyclone (1999), the Kachchh earthquake (2001) and the
Indian Ocean tsunami (2005), dramatically altered perceptions and the
institutional and technical capacity to address vulnerability reduction and risk
mitigation in India. India is one of the few large countries that have a central
authority to address disaster management and similar well-developed
institutions at state level.

The devastation wrought by the 2005 tsunami also brought a long-
simmering concern to the fore – the integrated management of India’s coastal
zone, balancing environmental and biodiversity conservation, livelihood and
economic development, and risk mitigation concerns. A series of integrated
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coastal zone management plans are now in progress, along with a review of the
principles for managing the coastal regulation zone. This will provide an
important stepping stone for a more evidence-based set of climate mitigation and
adaptation measures for coastal India and its cities – a key driver of medium-
range economic growth and development.29

The other important post-2004 development is the reappearance of urban
development, urban renewal and governance as a significant public policy agenda
after a decade-long hiatus. The Jawaharlal Nehru National Urban Renewal
Mission (JNNURM) was initiated in 2005 to target 60 of the most important
cities with a US$10 billion challenge fund to address infrastructure development,
urban poverty and urban governance.

A chasm exists between the official urban ‘city building’ development agenda
and vulnerability reduction for those most at risk in these urban areas. The Indian
state and its elite have been ambivalent in accepting the centrality of the poor in
the process of urban development and economic growth. The imperative of
delivering adequate services (water, sanitation, solid waste, drainage, power) and
equitable access to land and housing to the bulk of city residents is still a matter
of contention. This ongoing institutional and cultural failure has been
documented for decades; but the current scale of demolitions and relocations is
compounding the vulnerability of many urban residents.

Breaking this impasse will be central to the next conceptual leap of political
and bureaucratic attention – from the state provisioning of basic services and access
to livelihoods and housing, to alternative mechanisms for ensuring their
sustainable provisioning, functioning and financing. This can be supported
through multiple variants of community–public–private partnerships. The role of
risk reduction and climate change adaptation in lowering the mounting social costs
of recurrent disasters will need to be situated around action in this space. However,
no JNNURM component addresses either urban vulnerability or risk mitigation.
This will call for advocacy by the climate change community and would need to
be linked to sustainable city and regional development initiatives.30 Otherwise,
urban adaptation and mitigation could be limited to signing operationally
meaningless memoranda of understanding between Indian and OECD cities,
official junkets and press releases, with little impact upon the most vulnerable.

An important post-1990 factor is the emergence of city-level political processes
– community and people’s movements – that have started contesting from ‘below’
for ‘space’ for the poor within many cities. This has been accompanied by NGO
and judicial activism on a range of environmental questions, which unfortunately
have had little impact upon more proletarian concerns such as environmental
health, which could dramatically reduce the risk exposure of poor households.
These currently fractured forces, if adequately mobilized, could provide a base for
future citywide, community-based risk mitigation efforts that are crucial to the
success of climate change risk adaptation. A parallel but often conflicting
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development is the increasing concern of the elite with the quality of urban life,
security and the sustainability of various urban services. But here again,
enlightened self-interest has not come to terms with the challenges and
opportunities that the transformation of India’s cities presents. Concerns for
‘carbon neutral’ lifestyles and enterprises and for higher quality of life must
converge with harsh realities on the ground. This remains a largely unexplored area.

India’s climate change risk exposure

Most Indian communities and institutions have a history of coping with
uncertainty and extreme events with great equanimity. However, the current
pressure on resources, high population densities and ongoing rapid economic,
technological and slower social changes imply that a mix of institutional, market-
and community-led mitigation and adaptation interventions will be necessary if
future losses are to be within tolerable bounds. The poor and vulnerable, who
suffer the most in extreme events, should be the first priority.

The following sections explore India’s climate change-related risk exposure,
unbundling first- and second-order risks and defining a coherent set of
adaptation and mitigation measures that could converge with ongoing natural
hazard risk reduction and urban renewal interventions.

Temperature and precipitation changes

While there is little scientific ‘doubt’ about the emergence of climate change as
an important risk in the Indian subcontinent over this century, there is still
considerable uncertainty concerning precise mechanisms and impacts, especially
related to precipitation and sea-level rise, as presented in Table 14.1.

In spite of the uncertainty, there is broad consensus on the envelope of first-
order climate change impacts in South Asia over the 21st century:
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Table 14.1 Climate change projections for India based on an ensemble of four
General Circulation Model (GCM) outputs

Year Temperature change (°C) Precipitation change (%) Sea-level 

Annual Winter Monsoon Annual Winter Monsoon rise (cm)

2020s 1.36 ± 0.19 1.61 ± 0.16 1.13 ± 0.43 2.9 ± 3.7 2.7 ± 17.7 2.9 ± 3.7 4–8

2050s 2.69 ± 0.41 3.25 ± 0.36 2.19 ± 0.88 6.7 ± 8.9 –2.9 ± 26.3 6.7 ± 8.9 15–38

2080s 3.84 ± 0.76 4.52 ± 0.49 3.19 ± 1.42 11.0 ± 12.3 5.3 ± 34.4 11.0 ± 12.3 46–59

Source : Agarwal, D. and Lal, M. (2001), Vulnerability of Indian Coastline to Sea-level Rise, Centre
for Atmospheric Sciences, Indian Institute of Technology, New Delhi
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• There has been a general increase in both mean minimum and maximum
temperatures of 2° to 4°C, depending upon the realized atmospheric
greenhouse gas concentrations,31 with an impact upon evapo-transpiration
levels and therefore agriculture, horticulture and forestry and human
activities, especially in arid, semi-arid and mountain zones.

• This could lead to a mean surface temperature rise of 3.5° to 5° C by the end
of the century, which would imply changes in the location and viability of
some settlements (especially in the arid and semi-arid zones) and in the
pattern of building across the subcontinent, with an increasing role for
passive solar and energy efficient design.32

• This regional temperature rise, along with changes in the global climate
system and the Indian Ocean monsoon system, may lead to a mean increase
of 7 to 20 per cent in annual precipitation. A 10 to 15 per cent increase in
monsoon precipitation in many regions, a simultaneous precipitation decline
of 5 to 25 per cent in drought-prone central India and a sharp decline in
winter rainfall in northern India are also projected.33 This implies changes in
the output of winter wheat and mustard crops in north-western India, which
could have a significant impact upon national food security, regional crop
mixes and resultant demand for irrigation. This is a most serious risk to rural
India and the hope of an agricultural resurgence.

• The substantial spatial differences in precipitation changes imply adaptation
of sub-regional agriculture, changes in water supply arrangements and a
strong policy emphasis on water conservation and efficiency in most cities, as
more rain could fall in more intense spells and drought intensity could
increase. This increase, combined with a shorter wet season, will imply a
change in the hydrology of many river systems and therefore a modification
in the storage capacity and management regime of many dams and reservoirs,
thus affecting urban water systems.

• A decrease in the number of rainy days (5 to 15 days on average) is
expected over much of India along with an increase in heavy rainfall days
and in the frequency of heavy rainfall events in the monsoon season.34

These changes are expected to increase the vulnerability of Indian
agriculture and natural resource-linked livelihoods and also that of the
urban poor who typically reside in areas more prone to pluvial flooding
and who are most vulnerable to water scarcity as they largely depend upon
informal water markets.

• The substantial increase in extreme precipitation (similar to Mumbai in 2005
and the 2005 and 2006 Gujarat flood events) expected over a large area of the
west coast and central India35 will require a significant revision of urban
planning practices across city and neighbourhood scales to integrate flood
and climate change mitigation and adaptation measures within day-to-day
urban development and service delivery activities.36
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Drought

The most serious climate change risk to the Indian economy and its people is the
increased intensity, frequency and geographical coverage of drought. Drought
typically makes up one half to two-thirds of the natural hazard risk exposure.37 Its
primary impact is in rural areas, where agriculture, animal husbandry and, to a
lesser extent, forestry38 and fishing are significantly affected, leading to cycles of
seasonal and distress migration, and increasing rural debt and a spate of farmer
suicides across much of semi-arid India over the last few years.39

Drought has two typical first-order impacts upon Indian cities: drinking
water shortages and increases in food and biomass fuel prices. It also has a
number of important second-order impacts: depressed demand for urban-
produced secondary goods and services because of depressed agricultural
demand; and increasing seasonal and distress migration from rural areas.40

Continuing severe climate change-induced drought that makes subsistence
agriculture uneconomical in large parts of semi-arid central, western and
southern India could catalyse a sharp increase in migration. This, apparently, is
not factored into current economic development or national security strategy.

Climate change is expected to increase the severity of drought, especially in
western India where five river basins are expected to face acute to severe water
shortages, affecting a large number of cities in Gujarat. Land uses, cropping
patterns and poor water resource management in the 20h century have resulted
in a 50 per cent reduction in the surface water discharge of the Ganga over the
last 25 years and in a sharp drop in groundwater tables across the entire
Indo–Gangetic plain.41 The Ganga, Narmada, Krishna and Kaveri rivers are
expected to experience seasonal or regular water stress, affecting western,
northern and eastern India.42 If the political and economic consequences of the
Kaveri dispute and the Narmada struggle43 are an indication, within the next
decade Indian federalism could be severely challenged by these changes.

Climate change is expected to increase drought in semi-arid peninsular and
western India, forcing more of the landless and small and marginal farmers to
migrate to cities. They often form the most vulnerable groups in cities – having
limited skills, education, capital and access to the social networks that underpin
much of economic and social mobility in urban India. They often live in illegal,
unserviced settlements exposed to a wide range of environmental risks, from
flooding to fire, and continual cycles of demolition and eviction by civil
authorities. They are, therefore, dual victims of existing natural hazards and
emerging climate change – displaced from their original places of residence and
occupations and challenged by urban risks in their new urban places of residence.

The most serious regional impact of climate change would be changes in the
river hydrology in the Indo–Gangetic plain and the Brahmaputra Valley due to
glacial melt and regression of the Himalayan glaciers.44 Ongoing transboundary
conflicts between India and Pakistan, and Nepal, India and Bangladesh may be
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compounded by a possible China–India conflict over the use of the Yarlung Tsang-po/
Brahmaputra waters as river flows decline and inter-basin transfers are increasingly
suggested as solutions to challenges of urban and regional water stress.45

Four of the ten largest mega-urban regions of the 21st century – namely,
Delhi, Dhaka, Kolkata and Karachi – lie on the banks of these great rivers along
with more than 30 other million-plus cities. Significant changes in river hydrology
and the availability of irrigation and drinking water could have a dramatic impact
upon the growth and development of the many small- and medium-sized towns
and million-cities that are expected to mushroom across these fertile plains in the
next three decades, adding an unprecedented resource dimension to the social and
economic transformation of northern and eastern India.

The bulk of the water extraction from these river systems is for irrigation to
provide food for close to 1 billion people. Hence, an emerging conflict is brewing
between cities and the rural areas from where the urban water supply is drawn
and to where city water pollution is discharged. Since the 1980s, multiple
environmental struggles have been fought over the extraction of surface water
from remote watersheds where many relatively poor people have been displaced
by exploding urban demand.46 This will surely accelerate and become an
increasing constraint on the current resource-inefficient pattern of urban
development – if Delhi’s long saga with Haryana and Uttar Pradesh on drinking
water transmission is an indication of the future.47

The national capital region of Delhi faces a severe water shortfall of 200 million
gallons per day (MGD), or more than 32 per cent of its production.48 Drinking
water is being transported from more than 300km away to meet the demands, and
unaccounted-for water losses are more than 44 per cent.49 Rising temperatures and
energy demand for cooling, increasing precipitation variability, fewer rainy days, the
unsustainable mining of groundwater and a river system that has been polluted to
death could all make the Delhi mega-urban region, with a projected population of
more than 30 million, highly unsustainable in spite of rapid growth in its income
and wealth. These questions are far from the minds of both planners and politicians
as they prepare to ‘green’ the city for the 2010 Commonwealth Games.

Delhi is simultaneously experiencing the ‘brown’, ‘grey’ and ‘green’
environmental transitions50 over a period of less than 50 years; but water
availability rather than economic and social development challenges may be its
undoing, as with two other great capital cities of this region: Mohammed-bin-
Tuglak’s (1325–1351) Tuglakabad, near Delhi, and Akbar’s (1556–1605)
Fatehpur Sikri, near Agra.

River and inland flooding and extreme rainfall events

The next most important climate change risk is increased riverine and inland
flooding, especially in northern and eastern India and adjoining Nepal and
Bangladesh. Tens of millions of people are currently affected by floods for three
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to six months of the year in eastern India.51 Increased precipitation and higher
peak monsoon river flows due to glacial regression could exacerbate the situation
for additional tens of millions. This is largely due to the high population densities
across this region, combined with very high vulnerability due to a mix of poorly
designed and executed flood management systems, complex land and water
tenure regimes and high levels of poverty, which over the last few decades have
severely degraded the coping capacity of millions of residents of eastern India.52

Climate change is expected to increase the severity of flooding in many
Indian river basins, especially those of the Godavari and Mahanadi along the
eastern coast.53 Floods are also expected to increase in north-western India,
adjoining Pakistan, and in most coastal plains in spite of existing upstream dams
and ‘multipurpose’ projects. Extreme precipitation is expected to increase
substantially over a large area of the west coast and central India.54 Gujarat, one
of India’s most prosperous states, has experienced severe flooding for three
consecutive years since 2004, causing large economic losses in its cities.55

The devastating Mumbai floods of 2005 were caused by an extreme weather
event. Most city services were shut down for the first time in recorded history for
almost five days, with no contact via rail, road or air with the rest of the country.
More than 1000 people lost their lives in the region and economic life in the city
came to a halt56 due to a combination of institutional failures, lack of
preparedness and extremely high vulnerability of the poor.57

Cyclonic storms, storm surge and coastal flooding

The third most important risk is that of cyclonic storms, storm surge and
accompanying coastal inundation. A sea surface temperature rise of 2° to 4° C, as
anticipated in the Indian Ocean over the century, is expected to induce a 10 to
20 per cent increase in cyclone intensity.58 Since the frequency of cyclones in the
Bay of Bengal is about five times that of the Arabian Sea,59 India’s east coast is
clearly at more risk in spite of the fact that the north Indian Ocean Basin is one
of the least intense cyclone/hurricane basins in the world.

The high concentration of population on India and Bangladesh’s eastern
coasts has led to extremely high vulnerability in this region, leading to devastating
loss of life and property. The 1999 Orissa super-cyclone killed more than 10,000
people and devastated buildings, lifeline infrastructure and economic assets across
ten coastal and six inland districts; this was due to a mixture of devastating storm
surge, cyclonic winds and coastal flooding.60 A 1991 cyclone killed more than
139,000 people in Bangladesh and caused a significant compression of its GDP.61

Cyclones and storm surge could have a devastating impact upon such large
urban centres as Mumbai and Chennai and the million-cities of Vishakapatnam,
Surat, Bharuch, Bhavnagar and Jamnagar, as well as causing critical bottlenecks
in important ports such as Kandla.62 Storm surge, when accompanied by coastal
flooding and cyclonic winds, is the second most devastating rapid-onset hazard

320 Moving Forward

Chapter 14.qxd  4/30/2009  4:19 PM  Page 320



 

in Gujarat, accounting for 12 per cent of the risk to the state and a potential loss
of more than 11,000 lives for a probabilistic 100-year event.63 Losses could rise
considerably with increased migration to the coast, drawn by huge investments
in coastal infrastructure, settlements and enterprise; but these are located largely
unmindful of future risk distribution.

Mean and extreme sea-level rise

Data over the last century indicate a mean sea-level rise (SLR) of less than 1mm
per year along the Indian coast. More recent observations suggest an SLR of
2.5mm per year since the 1950s. An SLR of between 30cm and 80cm has been
projected over the century along India’s coast based on multiple climate change
scenarios.64

Two more recent studies have placed between 6 million and 40 million of the
coastal population at risk in South Asia. A World Bank-funded study65 used
multiple scenarios ranging from 1m to 5m of sea-level rise based on evidence of
increased rates of deglaciation in Greenland and Antarctica and the resultant
increased probability of extreme climate scenarios. Up to 1 per cent of India’s
urban areas could be inundated by a 3m SLR, and just under 2 per cent with a
5m rise. A 3m SLR is expected to affect more than 1 per cent of the population,
and a 5m rise is expected to affect 2.5 per cent of the population. The spatial
databases used in this study may leave room for inaccuracies – but it provides a
basis for a broad comparative analysis. The overall regional compression of GDP
as a result of losses directly due to SLR is estimated at 0.6 per cent from a 1m
SLR, 1.6 per cent from a 3m SLR, and 2.9 per cent from a 5m SLR for South
Asia. The relative impact upon India would typically be lower than in
Bangladesh, where up to 10 per cent of the area and population are at high risk;
but serious adaptation and mitigation measures will be required, especially for
coastal cities and ports, which are expected to produce a high share of GDP and
underpin India’s growing manufacturing exports. There is a clear case for a
macroeconomic analysis of risk for India, as has been undertaken for
Bangladesh66 and the UK.67

A second study, led by the International Institute for Environment and
Development (IIED),68 examined vulnerability within the low-elevation coastal
zone (LECZ) (i.e. settlements and facilities at risk of a 10m SLR) – probably the
outer boundary of catastrophic climate change.69 Using a more robust
methodology than the World Bank study, it estimated that Asian countries
contain three-quarters of the global LECZ population and two-thirds of the
global LECZ urban population, with a higher concentration in cities over 5
million in size. India is estimated to have the second largest LECZ population,
with about 3 per cent of national area at risk.70

In short, irrespective of the form and method of assessment, SLR is a serious
risk for a number of cities along India’s coast. It is clearly in the national interest
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to invest in more and better science in order to assess possible risks at various
levels of climate change. The costs of inaction on this count alone could outstrip
that investment by many orders of magnitude.71

The stretches along the western Indian coast that are most vulnerable to SLR
are Khambhat and Kachchh in Gujarat, Mumbai and parts of the Konkan coast,
and South Kerala. The deltas of the Ganga, Krishna, Godavari, Cauvery and
Mahanadi on the east coast are expected to be lost, along with significant
settlement areas and irrigated land and a number of urban settlements that are
situated there.72 The loss of these important economic and cultural regions could
have a considerable impact upon the states of West Bengal, Orissa, Andhra
Pradesh and Tamil Nadu.

No estimates of the impact of climate change upon saltwater intrusion in the
coastal zone and upon coastal agriculture and fisheries, and, therefore, upon
agricultural, pastoral and fishing communities, are available, but these are
expected to be significant.

SLR, combined with an increased frequency and intensity of tropical
cyclones, is expected to lead to an increase in extreme sea levels due to storm
surge.73 The fact that India’s coast and especially its western seaboard and
stretches along the Bay of Bengal are expected to grow dramatically in terms of
population, infrastructure and industrial investment in the next two decades
implies a non-linear increase in coastal SLR vulnerability. The primary driving
factors are differential population densities along the coast and in coastal deltas;
a greater openness of the Indian economy to trade; a sharp upturn in energy
imports, almost exclusively traded by sea; and strong public investment incentives
to coastal development.

Environmental health risks

Climate change is expected to accentuate environment-related health risks,
including those from water-washed diseases (e.g. diarrhoea, cholera and typhoid),
due to water scarcity and malaria. Malaria is expected to expand from its
currently endemic range in eastern and north-eastern India to western and
southern India, thereby placing a large incremental population at risk.74 Given
that Indian cities have become major reservoirs of vector-borne diseases such as
malaria and dengue fever, it can be expected that morbidity risks would increase.
Additional research needs to be undertaken on the potential impact of water
scarcity and flooding upon environmental health conditions in cities and their
consequent impact upon morbidity, mortality and productivity.

Composite multi-hazard risk adaptation

Addressing a complex of six major risk groups – temperature and precipitation
variability; drought; flooding and extreme rainfall; cyclone and storm surge;
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sea-level rise; and linked environmental health risk – is a serious public policy and
adaptation management challenge for India.

An important new method that can help to address these concerns is
composite risk assessment and adaptation planning. This enables a geographically
explicit estimation of probabilistic hazard risk, vulnerability and the imputed
composite multi-hazard economic risks. Risk prioritization by hazard, element at
risk and location can thereafter be undertaken, assisting in creating evidence-
based investment, regional and urban development policies and building a bridge
between public agencies, communities and the private sector.75

Some capacity has been built nationally and in about one quarter of Indian
states to address single rapid onset (e.g. earthquake) and long onset (e.g. drought)
risk; but managing a complex portfolio of hazard risks and vulnerabilities is
beyond both the current mix of public institutions and the nascent private
reinsurance and insurance industry.

India has no robust national estimates of composite economic risk due to
natural hazards, unlike Bangladesh.76 A national vulnerability atlas,77 updated to
assess district-level building vulnerability to cyclone, storm surge, earthquake and
flood risk exposure, does not use probabilistic methods of risk assessment, and
the fragility functions used are based on a very limited analysis of loss.
Furthermore, no economic loss estimates have been derived. The only robust
state-level estimates of composite risk indicate an annual gross state domestic
product compression of about 2 per cent for Gujarat, of which drought makes up
57 per cent, cyclone and storm surge 12 per cent and inland flooding 5 per cent
over a 100-year time horizon.78 This assessment breaks new ground by
unbundling risk for urban and rural areas. This is one of the most detailed sub-
regional risk assessments in the world, reaching sub-district level for eight crops,
animal husbandry, fisheries, industry, services and critical infrastructure. Yet, even
though it was completed in 2005, it does not take into account increased hazard
risk due to climate change because of the low awareness of climate risk exposure
in India.

Urban populations and elements at risk

The most vulnerable populations and elements in a typical Indian city are:

• slum, squatter and migrant populations resident in traditional and informal
settlements, which are often located in the most vulnerable locations;

• industrial and informal service sector workers, whose occupations place them
at significant risk of natural hazards;

• buildings, especially traditional and informal housing that is especially
vulnerable to wind, water and geological hazards;

• industrial units, their in-house infrastructure, plant, machinery and raw
materials;
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• lifeline public and private infrastructure, which includes roads, bridges, railways,
ports, airports and other transportation systems; water, sewage and gas pipelines;
drainage, flood and coastal defence systems; power and telecommunication
infrastructure; and critical social infrastructure such as hospitals, schools, fire and
police stations and first responder’s infrastructure; and

• ecosystems and the natural environment, especially wetlands, riverine,
estuarine and coastal ecosystems, and surface and groundwater systems.

Risk adaptation and mitigation measures need to address particular populations
and elements at risk within a RUrban landscape to be effective in responding to
a heterogeneous field of constraints and opportunities. Hence, decentralized
adaptive management strategies that engage with a political, policy and
implementation continuum from the neighbourhood, city and region to the
national level have proved to be more effective than centralized top-down
interventions.79 A coherent framework, within which public policy, private sector
and civil society urban development and planning actions are taken can reduce
vulnerability and risk in a steady iterative manner over a period of decades.80 This,
in turn, requires a new set of incentives and structures that link short-run
priorities with long-run strategic actions – a major shift in the current urban
management paradigm.

Urban vulnerability to climate change

Ironically, but not surprisingly, the urban residents most vulnerable to climate
change are the poor slum and squatter settlement dwellers and those who suffer
from the multiple insecurities that poor governance, the lack of serious
investment in the commons, and a strong nexus between the political class, real
estate developers and public agencies bring to cities. Through a long process of
loss accumulation, they are multiply challenged by even small events that affect
their livelihoods, income, property, assets and, sometimes, their lives. Because of
systematic exclusion from the formal economy of the city – basic services and
entitlements and the impossibly high entry barrier into legal land and housing
markets – most poor people live on hazardous sites and are exposed to multiple
environmental health risks via poor sanitation and water supply, little or no
drainage and solid waste services, air and water pollution, and the recurrent threat
of being evicted. Yet, they survive, add considerable economic value to the city
and ‘subsidize’ the better-off via their poor living and working conditions.

Until basic entitlements, services and quality of life are ensured for the bulk
of India’s urban residents and the vulnerability of the rest is reduced to acceptable
levels, little or no public and community-based structural mitigation action is
likely. Urban mitigation activities typically will be led by enterprises and large
public utilities that seek carbon offset-linked financial and economic incentives.
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In the near term, the focus in Indian cities, neighbourhoods and communities
will need to be on adaptation to climate change. The primary challenges here will
lie in better and more accountable city governance, democratic decentralization
improving the functioning of public institutions, and the recreation of the
‘commons’ through multiple political and institutional struggles. Technical, purely
economic or even institutional ‘fixes’ typically will fail to deliver results unless local
democratic, political and socio-cultural processes are engaged with around the
themes of equity, social transformation, local ‘voice’ and ‘agency’. Given the
‘distance’ between these concerns and those of the global climate change debate, a
rather different set of strategies should probably emerge in India than those
currently envisaged.

A possible urban climate change adaptation framework

Developing a climate change adaptation framework for urban India will require
opening a dialogue on urban development and growth, vulnerability, risk
unbundling, the redirection of ongoing investments and programmes, and the
building of new alliances between a wide range of actors not often in engagement.
Together, this can help to transform existing cities to make them more inclusive
and productive, thereby reducing structural vulnerability.

A pragmatic way forward is to build upon the existing momentum of hazard
risk management and mitigation efforts. This is most effectively done by
mainstreaming them into urban redevelopment initiatives, such as the
JNNRURM, and mobilization from below via NGOs, community-based
organizations (CBOs) and political processes in particular cities. Given that a
number of these stakeholders have little or no knowledge of climate change
issues, the development of a framework linking dialogue, engagement and action
would be a useful step.

This framework would need to provide a link between national, state and
city-level policy, political institutional arrangements and interventions at city and
neighbourhood levels. It would also serve as a platform for dialogue between
government functionaries, political leaders, CBOs and NGOs who are active in
trying to channel citizen and community energy towards productive ends and
private entrepreneurs who could provide the motive power for adaptation
implementation.

A sketch for a possible framework at multiple levels, involving various
stakeholders and institutions, is presented below.

National level. India has not developed a National Adaptation Programme of
Action (NAPA) to address urban climate change risk reduction partly because of
institutional fractures within the government of India and its status as an
emerging middle-income state. The primary responsibility currently lies with the
Ministry of Environment and Forests, which has weak traction with more key
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sectoral ministries. To integrate a cross-cutting climate change agenda within the
overall planning and investment process of the government of India would imply
a possible relocation of this function to the Cabinet Secretariat or the Planning
Commission, with strong support from the Ministry of Finance. This would
require an amendment to the Allocation of Business Rules (1961)81 and the
establishment of a climate change secretariat to address cross-cutting issues. This
would enable the coordination of adaptation policies and programmes across key
line ministries and functions and the mobilization of state governments and cities
for adaptation planning and implementation.

The Ministry of Finance could play a central role in defining fiscal and
financial measures to ‘incentivize’ both mitigation and adaptation, based on a
‘NAPA-like’ rollout schedule. This could include the creation of a domestic
market for carbon credits linked via appropriate institutions to the global carbon
market, enabling the financing of state-led, pro-poor adaptation.

The National Disaster Management Authority (NDMA), within the
Ministry of Home Affairs, is the apex disaster management agency although the
bulk of this responsibility and action lies with state governments.82 The climate
change agenda could build a bridge between current NDMA priorities and
medium- and long-term climate adaptation.

The Ministry of Environment and Forests, along with the Department of
Ocean Development, engages with coastal zone regulation in coordination with
state-level ministries. This is another locus of convergence that a cabinet
secretariat-based climate change cell could address.

The departments of urban development and poverty alleviation, which
jointly manage the JNNURM, should be the fulcrum of urban climate change
risk mitigation at the national level and the primary agency for urban climate
policy and programme design once appropriate state and city capacities are built.
An integration of concerns within long-range city development plans,
infrastructure development and poverty reduction interventions at city level is
crucial. Disaster management is one of the many elements of the JNNURM that
is poorly resourced at city level. It needs to be scaled up and broadened to
encompass a wider climate adaptation agenda.

The creation of a National Technical Mission on Urban Climate Change
Adaptation to deliver time-bound outcomes may be a useful way to focus energies
and put the climate crisis onto the public policy agenda. Specific priority tasks for
the government of India could include the development of a National Risk and
Vulnerability Atlas that includes climate change-related risks and estimates of
potential losses to economic activity and capital stocks. This will enable the
identification of priority cities and sectors for intervention and thereby open
appropriate windows of opportunities within the JNNURM. A new series of
national building and lifeline infrastructure risk mitigation standards will be
necessary, taking into account climate-related risks. This can be taken forward by
the NDMA, the Ministry of Urban Development and the Bureau of Indian
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Standards, based on the pattern of the national earthquake mitigation
standards.83

A series of insurance instruments for short- and medium-term risk coverage
to urban infrastructure enterprises and incentives for public–community–private
partnerships need to be put into place, similar to initiatives in the agricultural
sector.

Apex institutions that bring together public- and private-sector enterprises,
civil society and academic institutions (especially science and technology,
management and social science research) will need to be activated at national level
to build research and action-oriented networks in and between their sectors of
competence. Education, training and capacity-building at schools and universities
for public functionaries, managers and the media will need to be launched.

State level. Each state needs to establish a state disaster management authority
along the lines of the Gujarat State Disaster Management Authority, especially in
urban areas. This can build on existing flood, cyclone and surge and drought risk
reduction efforts. Considerable capacity-building will be required to prepare
these agencies to take on these additional responsibilities and develop actionable
state-level adaptation programmes of action.

The boards of the departments of state finance and planning will need to
integrate climate change adaptation within their medium-term planning and
expenditure frameworks and enable synergy between cross-sectoral adaptation
and mitigation investments.

Changes are necessary in the appropriate state housing and urban
development, town planning and infrastructure legislation to integrate disaster
and climate change mitigation concerns within urban planning and
development. Training and capacity-building of state public functionaries and
bureaucrats in climate change risk assessment and adaptation is an important
human resource investment.

A process of catalysing entrepreneurial activity around climate adaptation
and mitigation is best led in some states by the government, while in others a
private sector lead will be most appropriate. Once beyond a critical threshold it
could well be spun off.

City level. Current legal, regulatory and governance structures and the
institutional culture of most cities are inadequate to address the challenge of
climate change adaptation and mitigation.

An urban governance, planning and service delivery framework, as well as
institutional arrangements, will be necessary to link urban renewal and
development with short- and medium-term hazard risk reduction, as well as to
climate adaptation. An important first step is the development of public
entitlements and service delivery to the poor and vulnerable to ensure that
existing asymmetries and structural vulnerabilities are addressed. This will involve
strong interventions in real estate and housing markets and public service
delivery, and a supportive policy and institutional environment at state level.
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This is best operationalized via a re-examination of city development plans
that attempt to link a long-term vision for urban development with an action
plan for infrastructure upgrading, poverty reduction and better governance. An
appropriate urban platform to enable multi-stakeholder engagement with
strategic risk-sharing and adaptation will help to create appropriate fiscal and
financial incentives for adaptation linked to neighbourhood-led processes,
especially in informal settlements. An outcome could be a politically mandated
city adaptation programme of action linked to private-sector and community-led
adaptation that focuses on the primary urban greenhouse gas flux sectors (i.e.
transportation and building and energy systems).

Within this larger framework, a city Disaster Management Plan (DMP) and
zonal DMPs need to integrate climate change and other hazard mitigation
concerns within the primary land-use and zoning instruments, within city
structure and development plans and within zonal development plans and
appropriate building regulation and infrastructure development guidelines.

A critical support activity would be a multilingual GIS-based city DMP and
zonal DMPs on the internet, possibly linked to a public database that records
property and real estate information, building permissions and public
investments in infrastructure. This would provide a framework within which
neighbourhood urban renewal and planning are coordinated with risk mitigation.

A public–private–resident partnership to finance, build and retrofit housing
and infrastructure to disaster-resistant standards at neighbourhood level, and a
public–private partnership to develop strategic flood, cyclone, storm surge and
sea erosion defences at city level will need to be explored for each city.

Neighbourhood level. Each city will need a network of climate change-related
community-based disaster management and risk mitigation initiatives, especially
for slum, squatter and informal settlements in vulnerable locations. This would
provide a basis for a citywide dialogue on appropriate adaptation and mitigation
involving all population groups and stakeholders. This will be critical to
developing implementable city adaptation programmes of action.

The private sector. Given the availability of a public domain risk adaptation
framework, the private sector should be encouraged to develop appropriate risk
assessment, adaptation and mitigation plans for clusters of enterprises in
vulnerable areas. This would enable a rebalancing of demand and supply-side
initiatives – that is, greenhouse gas emission abatement, decentralization and
dematerialization of supply and service chains. Development of private
enterprise-led building and infrastructure upgrading, retrofitting and technical
support initiatives to enable and scale adaptation will also be important.

Civil society organizations. These need to take the lead in advocacy and
mobilization and adaptation centred on the provision and extension of basic
services and entitlements. They can also lead on neighbourhood pilot projects to
test new methods of community-based adaptation, specifically for slum and
informal settlements and vulnerable populations. NGOs can provide independent
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feedback and checks and balances on the functioning of public- and private-sector
institutions working on natural hazard and climate change risk mitigation.

Key instruments that could help to mitigate climate change-related risks
include:

• New construction and development. This should be executed to incremental
standards for land use, planning, construction, and operations and
maintenance (O&M) that enable fully built development to meet climate
change vulnerability norms and enable poor residents living in self- or
artisan-built construction to upgrade at an appropriate pace and cost. This
will require changes in legal, regulatory, planning and design guidelines along
with a recognition of the rights of residence and economic participation for
all residents of the city. Considerable enterprise and institutional
development inputs will be required to make this a reality. If structured
imaginatively, this could well be funded in part by carbon credits.

• Retrofitting and strengthening buildings. A large proportion of a typical Indian
city building stock does not meet contemporary standards of building safety.
Technical measures to strengthen and retrofit these buildings are cost effective
(typically 5 to 15 per cent of capital investment) but have never been
implemented across an Indian city except in Bhuj, after the 2001 Kachchh
earthquake. For this to be possible would take considerable institutional and
financial innovation and well-considered incentives.

• Lifeline infrastructure development and strengthening. Building the energy,
water, wastewater, transportation, telecom and information technology (IT)
infrastructure for a city typically takes decades. Given current growth trends,
it will happen in many Indian million-cities over the next two to three
decades and will need to last for a century or more. Appropriate climate
change-related adaptation and mitigation measures will need to be integrated
within the design of these systems.

Since they involve lumpy investments and require massive annual
expenditure on O&M, adequate attention needs to be paid to risk-adjusted
least-lifecycle costs. Some of these services are best provided by public
providers; others, given possible quantum leaps in technology and distributed
network development, may be better managed privately. There is a need to
explore appropriate forms of regulation and management to mitigate climate
risk. This is also a prime case for carbon offset financing.

Sequencing of these interventions should ideally be prioritized by their
strategic impact and vulnerability reduction potential, especially in slum and
informal settlements. The priorities of the poor and the affluent can vary
considerably. A pro-poor process of climate change-related priority setting
needs to provide adequate ‘voice’ to more vulnerable groups.

• Hazard modification. A number of pre-colonial and colonial drainage, urban
surge and flood protection systems have been in operation in various parts of
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India. The rapid pace of urban development has often made them
dysfunctional or irrelevant. Repairing and strengthening strategic flood,
storm surge and coastal defences are important city-level interventions.
Detailed economic, social and environmental cost-benefit analysis will be
needed to assess whether these investments are appropriate vis-à-vis
relocation and other adaptation options.

Water use efficiency and conservation measures are the best strategic
defence against drought on the demand side, in conjunction with appropriate
water management practices. Enabling the conceptualization and
implementation of such vulnerability reduction and hazard modification
interventions will need to be explored through pilot projects in different cities
with varying ecological regimes.

• Relocation and rehabilitation. Relocation should emerge as a policy option
only after all other options have failed. Typical measures include the
relocation of particular settlements, parts of a city or an entire city system
depending upon the expected level of risk. Changes in the economic
structure of cities will be necessary in order to move out of sensitive economic
activities, as well as changes in systems of governance to enable a more rapid
response to emerging risk within both the public and the private sectors.
Planning, market and financial instruments will be needed to address
adequately local relocation and associated rehabilitation needs, with
recognition of the rights of residents to compensation. Relocating part of a
city is clearly a huge political decision that needs to be equitable, transparent
and participative in its execution – few such precedents are available in India.
The moderately progressive national rehabilitation policy does not address
climate change-related concerns.

A first step in spatial adaptation would be to shift settlements out of
highly vulnerable areas, especially the inter-tidal zones, riverine, estuarine and
low-lying areas. If this is inadequate, then the relocation of a particular
section of a city and, finally, the relocation of an entire urban system to a new
location can be considered. Relocation at this scale is unprecedented other
than for reservoir submergence in independent India. This would be a major
economic and political challenge, apart from being difficult to implement in
an equitable manner.

• Joining up with ongoing hazard risk reduction programmes. The most
important ongoing climate change-related risk mitigation programme is the
National Cyclone Risk Mitigation Programme, which is being implemented
across India’s coastal states. The governments of Orissa, Andhra Pradesh and
Gujarat have made progress in its implementation in rural settlements.84 A
similar initiative needs to be developed for urban areas that combines natural
hazard risk mitigation and climate change adaptation.

The 2005 Tsunami Rehabilitation Programme, active in the southern
coastal states of Tamil Nadu, Andhra Pradesh and Kerala, is specifically
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focused on coastal zone management and the mitigation of cyclone, storm
surge and sea erosion hazard risk. A climate change-related agenda needs to
be introduced expeditiously into this programme before it comes to a close.

A number of independent flood risk mitigation interventions have been
launched by state governments and for specific cities in Maharashtra,
Gujarat, Orissa, Uttar Pradesh and Bihar. A common method of addressing
inland flood risk mitigation is still to be evolved. This is a crucial concern that
could influence the lives of tens of millions of people. The integration of
climate change adaptation measures within flood mitigation interventions
will probably first take root in Gujarat, which has suffered three seasons of
extreme rainfall since 2004. This can then be adapted and scaled to other
parts of the country.

• Strengthening regional and rural–urban linkages. Conventional disaster
management and mitigation planning have focused typically either on urban
areas or villages. The increasing integration of the Indian economy has led to
the strengthening of the forward–backward linkages between urban and rural
settlements. The risks to which cities and their embedding countryside are
exposed need to be addressed together by integrating climate change-related
adaptation into regional and RUrban sectoral and investment planning.

This is particularly important in India, where agriculture is highly sensitive
to monsoon variability as 65 per cent of the cropped area is rain fed. Changes
in temperature and precipitation could have a significant impact upon more
than 350 million people who are dependent upon rain-fed agriculture.

Changes in the flows of food and biomass are especially important
because the metabolism of Indian cities is still dominated by flows of
unprocessed food and traditional biofuels. Similarly, drinking water and
renewable biofuels, hydropower and possibly wind energy flows could be
affected by climate changes, causing moderate to severe disruption in urban
systems. Hence, instead of an exclusive focus on cities, regional climate
change risk adaptation strategies and action plans are needed, especially for
mega-urban regions and metropolitan cities.

Institutional capacity for urban climate risk adaptation

A fundamental challenge to Indian climate risk adaptation is the declining quality
of urban governance and the weak institutional capacity to manage urbanization,
ensure equitable and quality public service delivery, and access to housing
markets via appropriate planning and regulation. Without these institutional
changes, the structural vulnerability of large populations cannot be addressed,
providing a weak foundation on which to build climate adaptation.

Since the mid 1990s, India has developed significant natural disaster
management and risk mitigation capacity at national and state levels. The
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national Vulnerability Atlas of India 85 was the first such attempt at identifying and
mapping vulnerability at district level across the country; but risk unbundling for
specific urban centres was weak. Subsequent efforts have attempted to take the
process of hazard risk modelling, vulnerability assessment and composite risk
assessment to finer resolution (i.e. block, taluka and settlement levels).86

The NDMA has been established, but the most extensive risk mitigation
experience lies with state-level agencies in Andhra Pradesh, Gujarat, Orissa and
Tamil Nadu, which have been active in disaster mitigation planning, investment
and, to a lesser extent, community-based disaster mitigation.

A number of interventions are currently being implemented in various cities
to mitigate natural hazard risk, especially from flood, sea erosion and storm surge.
These are, however, responding to a contemporary perception of risk based on
historical experience and records. They have little or no capacity to engage with
emergent risks induced by climate change. The ability to conceptualize and
integrate these measures within existing plans and programmes will need to be
developed at state and city level and, if they are of any great magnitude,
supported by the government of India.

The government of Maharashtra developed India’s first urban disaster
management plan for Mumbai in the late 1990s, identifying flooding as a
significant risk and pinpointing bottleneck locations in each ward as well as
vulnerable slums and settlements.87 But there was little follow-up and these
bottlenecks became the primary cause of the 2005 Mumbai deluge,88 pointing to
the need for a drastic revamp of Mumbai’s institutional capacity.89

Addressing in a practical way the differential vulnerabilities of population
groups within cities is a serious challenge. Improvements in access to affordable
housing and land markets and in lifeline infrastructure, along with more
appropriate zoning regulations, are important interventions with strong co-
benefits for the poor today and climate change risk tomorrow if they are planned
and executed in a pro-poor manner.

A great risk in market-driven adaptation policy is the possibility of a slew of
anti-poor interventions leading to a vicious cycle of displacement resettlement
and increasing vulnerability in many cities. A number of successful programmes
have demonstrated that the cost of in situ risk mitigation is often a fraction that
of relocation, typically less than 10 per cent of the capital cost of new
development. This needs to be integrated within the urban planning process and
legal framework.

Building a mitigation agenda for Indian cities

India became a signatory to the Kyoto Protocol in 2002, which gave it some
latitude in initiating mitigation activities because of its developing country status.
The impact of the measures taken, for instance in pollution control, conservation
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and promotion of renewable energy,90 is expected to be relatively small, primarily
because India’s energy intensity is growing rapidly from a very small base. Almost
half of India’s households lack access to electricity and energy demand can be
expected to grow at a faster rate than India’s annual growth in GDP.91 Given that
India’s energy security can only be assured in the medium term by using coal-
based thermal power generation, a domestic debate on greenhouse gas mitigation
at the expense of expanding energy services will be challenging in the short term.

A series of macro-policy incentives will be required to reduce the carbon
intensity of India’s energy system and its economy. Debates around city
sustainability and greening have opened up in the last decade and limited
progress has been made on strong interventions that would enable the
development of more compact cities, mixed land use, a radical improvement in
public mobility systems, greater resource efficiency and recycling in buildings and
services, and a break with India’s 20th-century engagement with colonial and
Western-oriented planning standards.

Much of the high energy and resource-intensive real estate and building
boom is driven by corporations and the urban upper-middle classes who wish to
participate in a replication of the ‘American dream’ in India. This is clearly
unsustainable both in the short and medium terms, and voluntary and public
restraints on wasteful consumption and effective resource management using
market-based, technological and legal instruments are in order. The private and
public sectors will lead much of this mitigation agenda as they make good
business sense.

Conclusions

Although the level of exposure to hazard in India is high, vulnerability typically
contributes more to overall risk in India’s cities. Reducing this vulnerability will
mean a shift in public policy, mobilization and enterprise from mitigation
towards adaptation. This needs to be grounded in the institutional, socio-cultural
and political realities of India, and needs to focus on the poor and most
vulnerable through a mix of policy, regulatory, fiscal and financial, and
institutional and mobilization instruments.

This is probably best implemented by mainstreaming climate change risk
assessment and adaptation and mitigation measures into ongoing national hazard
mitigation programmes and building a tangible set of links with urban renewal
interventions that are being taken up in many of India’s largest cities.

To accomplish this, a multilevel climate adaptation framework is necessary,
which works at national, state, city and neighbourhood levels and brings together
the state, private and civil society sectors. Robust adaptation programmes in a set
of pilot cities will allow for the exploration of the important linkages between
adaptation and mitigation.
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15

International Funding to Support Urban
Adaptation to Climate Change

Jessica Ayers

Introduction

While estimates of the costs of adaptation to climate change remain vague,
especially for low- and middle-income countries, recent approximations of
current needs are in the range of tens of billions of dollars per annum1 and well
in excess of levels of official development assistance (ODA). The World Bank
estimates that climate-proofing development investments (including ODA and
concessional finance, foreign direct investment and gross domestic investment) in
low- and middle-income countries alone will cost between US$10 billion and
US$40 billion annually.2 This figure has since been criticized for not taking into
account the costs of climate-proofing existing supplies of natural and physical
capital where no new investment is planned, the costs of financing new
investments specifically to deal with climate change, or the costs to households
and communities to fund their own adaptation needs.3 More recent estimates by
Oxfam that do acknowledge these factors put the costs of adaptation closer to
US$50 billion annually,4 while the United Nations Development Programme
(UNDP) suggests this could spiral to US$86 billion annually by 2015.5 The
longer it takes to implement an effective international agreement to reduce and
then halt greenhouse gas emissions, the higher these costs of adaptation will be
and the more likely that the limits to adaptation will be reached and exceeded.

The costs of adaptation in cities will account for a significant proportion of
this average, largely because of the expense required to adapt (or, in the case of
many low- and middle-income countries, to build new and resilient)
infrastructure and services for densely populated areas. The United Nations
Framework Convention on Climate Change (UNFCCC) estimates that adapting
infrastructure worldwide could require US$8 billion to US$30 billion in 2030,
one third of which would be for low- and middle-income countries.6 Yet, this
wide-ranging estimate is at the conservative end of the scale because it is based on
adapting existing infrastructure without taking into account the large deficit in
basic infrastructure in most urban centres in low- and middle-income nations.7
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Existing international funding to support adaptation needs in low- and
middle-income countries comes from two main sources: first, dedicated climate
change funds under the UNFCCC and, second, through ODA. Currently, both
of these avenues fall significantly short of meeting the costs of adaptation in low-
and middle-income countries. This chapter will begin by exploring the
opportunities and challenges for financing adaptation through the UNFCCC
mechanisms and will consider recent innovative proposals that could help to
bring these funds closer to the amounts that are required. Recognizing that
UNFCCC channels alone cannot meet the full costs or the full scope of
supporting activities to build resilience to climate change, the role of ODA and
potential tensions and complementarities with the UNFCCC will be discussed.
Finally, it will be noted that raising funds for adaptation at the international level
is not enough while barriers for accessing and using these funds for the most
vulnerable groups in the most vulnerable countries exist. The political and
institutional constraints for accessing international funds by vulnerable urban
stakeholders will be considered and options will be proposed for ensuring that
funding for adaptation reaches those who need it most and can use it well.

Funding for adaptation under the United Nations
Framework Convention on Climate Change (UNFCCC)

The structure of funding under the UNFCCC

At the first meeting of the Conference of the Parties8 (COP 1) to the UNFCCC
in 1995, the Global Environment Facility (GEF) was established as the financial
mechanism of the UNFCCC and was given responsibility for the transfer of
funds under the UNFCCC from high-income to low- and middle-income
countries. The original mandate for the GEF in relation to climate change
adaptation was to support studies, assessments and planning on vulnerability and
adaptation in low- and middle-income countries, as well as capacity-building.

At COP 7 in 2001, Decision 6 of the Marrakech Accords further requested
that the GEF should fund ‘pilot or demonstration projects to show how
adaptation planning and assessment can be practically translated into projects
that will provide real benefits’.9 This led the GEF to establish the Strategic
Priority ‘Piloting an Operational Approach to Adaptation’ (SPA) under the GEF
Trust Fund. COP 7 also gave rise to three new and additional funds beyond those
contributed to by the GEF: the Least Developed Countries Fund (LDCF),
established under the convention to support the 49 nations designated as the least
developed countries (LDCs)10 to adapt to climate change and initially used to
support the design of National Adaptation Programmes of Action (NAPAs); the
Special Climate Change Fund (SCCF), to support a number of climate change
activities, including mitigation and technology transfer, but intended to prioritize
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adaptation; and the Kyoto Protocol Adaptation Fund (AF) to support concrete
adaptation projects in low- and middle-income countries that are party to the
protocol. This fund sits under the Kyoto Protocol and is financed from a levy on
the Clean Development Mechanism (CDM).11

Following lengthy negotiations since Marrakech on how to operationalize the
LDCF and the SCCF, and despite some reluctance from low- and middle-income
countries (for reasons outlined below), it was decided at the end of COP 9 that both
these funds should be brought under the guidance of the GEF.12 This gave rise to
the current structure of international funding for adaptation under the UNFCCC:
three funds managed by the GEF (SPA, LDCF and SCCF), and the AF.

There are a number of reasons why the existing funds managed by the GEF
are not adequate for meeting adaptation needs in low- and middle-income
countries and this chapter will focus on three of them. First, levels of funding do
not amount to anywhere near enough. All three GEF-managed funds are based
on ODA-type voluntary pledges and bilateral contributions from donors. This
type of contribution is unlikely to ever be able to generate the required levels of
funding – especially given that contributions are meant to be additional to ODA –
when many high-income nations are failing to meet their 0.7 per cent
commitments to ODA in the first place. As of March 2008, the total resources
pledged to the LDCF, the SCCF and the SPA totalled US$298 million
(US$172.8 million to the LDCF, US$75.6 million to the SCCF and US$50
million to the SPA).13 Furthermore, donors are delaying on meeting their pledged
commitments because of an alleged lack of adequate and accountable
mechanisms in low- and middle-income countries for receiving and disbursing
money. This means that the actual funds contained in the LDCF total US$91.8
million, in the SCCF US$59.9 million and in the SPA US$50 million.14 This
leaves almost US$100 million pledged to the UNFCCC still outstanding. To
illustrate the trivial scale of these contributions, a recent report by Oxfam
International pointed out that the total funds delivered to the LDCF are less than
the amount spent in the US on suntan lotion in one month.15

Second, the governance structure of the GEF has come under criticism from
non-governmental organizations (NGOs) and the academic community for
undermining any ownership of adaptation funds by low- and middle-income
countries.16 Under Article 11 of the UNFCCC, the GEF is required to have ‘an
equitable and balanced representation of all Parties within a transparent system
of governance’.17 While decisions of the GEF council are taken by consensus of
all parties to the convention, if no consensus is available then a majority of
countries, weighted by donation, is required to carry a vote. This means that GEF
council members from countries that make the largest contributions carry the
most weight, essentially giving veto power to the group of five largest donor
countries.18 This has raised concerns, particularly from low- and middle-income
nations represented in the Group of 77,19 regarding the decision-making
procedures of the GEF, which have eroded its political acceptability. The lack of
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‘one country, one vote’ procedure has resulted in a ‘democratic deficit’,20 giving
rise to the impression that key decisions are being made by the representatives of
powerful countries, beyond the control of weaker constituents.21

Third, many low- and middle-income countries have expressed concern over
the unclear guidance and high transaction costs attached to GEF funding
mechanisms. For example, in their comprehensive review of GEF-managed funds
for adaptation, Klein and Möhner22 show that the GEF does not provide adequate
operational guidance (in the form of programming papers), making it difficult for
low- and middle-income countries to apply for project funding. In addition,
although funding through the GEF is not formally conditional, requirements
attached to funding include burdensome reporting and co-financing criteria.
Finally, funding through the GEF is disbursed through implementing agencies
such as the UNDP, the United Nations Environment Programme (UNEP) and
the World Bank, which adds further bureaucracy to the process; for example,
many LDCs have expressed concern over the functional relationships with
implementing agencies inhibiting access to funding for NAPAs from the LDCF.23

Therefore, funding under the GEF is inadequate to meet the current costs of
adaptation in low- and middle-income countries, both fiscally and in terms of
accessibility.

The Adaptation Fund (AF)

The AF offers a much more promising approach to adaptation funding. It is
unique in that it has a novel democratic governance structure, decided upon at
COP 13 in Bali in December 2007. It is not managed by the GEF, but has its
own independent board with representation from the five United Nations
regions, as well as special seats for the LDCs and small island developing states.
The GEF provides secretariat services to the AF on an interim basis. Countries
can make submissions for funding directly to the AF rather than go through a
designated implementing agency (as is the case with the GEF-managed funds),
and countries also have the authority to designate their own implementing
agencies, such as NGOs, to make submissions for funding directly under the AF.
It is hoped that the unique structure of the AF will be able to overcome, or at least
minimize, the problems of accessibility currently faced with the GEF funds and
will increase the effectiveness of climate change financing on adaptation.

In addition, the AF has the greatest potential to generate adequate levels of
international funding for adaptation. The revenue generated from the CDM levy
alone is projected to be between US$160 million and US$190 million, and
potentially much more depending upon the volumes traded and prices as targets
are set.24 This mechanism for generating funding sets the AF apart from the GEF
funding streams. Resources do not come from bilateral donations, thus avoiding
the ‘domestic revenue problem’;25 in other words, money raised domestically is
likely to be regarded as nationally owned and therefore its allocation could face
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political resistance. Instead, funds are collected from private-sector actors by the
CDM executive board, an international, not national, body. This means funds are
independent from national treasuries and other domestic agencies.26

Finally, there is potential to significantly scale up financing under the AF
mechanism by applying the levy to other activities.

The potential for new and innovative funding under the UNFCCC

The need to increase the scale of funding for adaptation has been recognized
internationally and a variety of new and innovative mechanisms for doing so have
been, and continue to be, proposed. Two of the most promising27 are discussed
here: applying a levy on bunker fuel28 activities; and the international auctioning
of assigned amounts units (AAUs)29 under the Kyoto Protocol.

Müller30 suggests that the most ‘natural’ way to generate funding for the AF
would be to extend the 2 per cent levy to other non-emissions-trading activities.
This would be favoured over increasing the levy on the CDM or applying it to
other emissions-trading mechanisms, which would increase CDM transaction
costs and potentially discourage investment in the CDM.

One idea launched in 2006 was to create an International Air Travel
Adaptation Levy (IATAL), which has the potential to generate an estimated US$4
billion to US$10 billion per annum of additional funding for adaptation in low-
and middle-income countries.31 Based on the fact that the aviation industry is a
significant contributor to global emissions totals, coupled with the need to
increase funding for adaptation, the IATAL represents a politically, ethically and
economically attractive option for generating funding for adaptation.32 The
IATAL has a twofold advantage: it will discourage flying and it will raise
significant funds for adaptation, particularly from long-haul flights. This presents
an equitable option because the costs of the levy would inevitably fall on
passengers who, by the very fact that they are passengers, have a high carbon
footprint and also have the capacity to pay. As stated by Müller: ‘both conditions …
apply to air passengers quite generally: subsistence farmers from Bihar are
generally not found on airplanes and people who fly will generally have a
significant carbon footprint’. 33 As such, the option of IATAL has been given
serious consideration by legislators and the G8+5.34

The levy could also be applied to maritime bunker fuels through an
International Maritime Emissions Reduction Scheme (IMERS). Discussions around
IMERS began in 2006 based on the concept of establishing a ‘maritime greenhouse
gas fund’ under the auspices of the International Maritime Organization (IMO),
with revenues from an upstream fuel levy, with the aim of spending around 50
per cent (equating to approximately US$2 billion) of the annual revenue for
adaptation in low- and middle-income countries. At the 57th session of the Marine
Environment Protection Committee in April 2008, a global levy scheme on ships
was endorsed as a means of reaching maritime greenhouse gas reduction targets by
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using funds to purchase carbon emissions credits instead. Under this scheme, all
ships engaged in international voyages would be subject to a bunker levy established
at a given cost per tonne of fuel bunkered. Such a scheme would both encourage a
reduction in the baseline of fuel used and also fund carbon credit purchases.35 If
some of the revenues are also applied to adaptation, this would again have the dual
benefit of contributing to both global adaptation and mitigation agendas.

The essential feature of all levies on bunker fuels is that they can be designed
to deliver genuinely international revenues: funds that cannot readily be tied down
to a country, thus resolving the problem of ‘domestic revenue’. Furthermore, one
of the chief motivations behind IATAL is that it assigns responsibility to
individuals rather than countries. This is particularly significant in low- and
middle-income countries with high inequality and growing populations of
wealthy individuals, where governments and industry have been accused of
‘hiding behind the poor’36 in avoiding national emissions reduction targets.

Another way of raising funds for adaptation would be to apply the levy to
international auctioning of AAUs. As noted, applying the levy to carbon trading
schemes could result in higher transaction costs, inhibiting the success of carbon
markets. However, one solution to this has recently been submitted to the
UNFCCC by Norway. The suggestion is that a levy be applied to the
International Emissions Trading Scheme, through which Annex 1 countries37

under the Kyoto Protocol are allowed to trade AAUs with each other. The
Norwegian proposal suggests that the adaptation levy could be extended to the
carbon market at the point of issuance of AAUs, and therefore the levy would not
increase transaction costs when AAUs are traded. Rather, a small portion of
permits would be withheld from national quota allocation and then auctioned by
the appropriate institution. The resulting revenue could then be placed in a fund
to be used for adaptation.38 Müller suggests that this proposal is one of the few
workable suggestions for applying the levy to other international trading schemes,
as well as one that may be able to generate significant additional funding to meet
the costs of adaptation in low- and middle-income countries.39

While these proposals do represent an opportunity to generate significant
funding for adaptation under the UNFCCC, they are still being debated and are
likely to be slow coming to fruition. Furthermore, funding adaptation through
the UNFCCC has other limitations. UNFCCC support for adaptation addresses
adaptation in the narrowest sense – that is, adaptation to climate change as
distinct from climatic variability. At the level of climate negotiations, this
distinction is important because such information informs political questions
surrounding costs and burden-sharing.40 Funding for adaptation is the
responsibility of high-income, high-emitting countries, to be paid to countries
most vulnerable to the impacts of those emissions. It is therefore relevant for the
negotiations to distinguish between funding for building resilience to climate
change (which is additional to ODA contributions) and funding for building
resilience to climate variability, more generally (which could be included in ODA
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contributions). This UNFCCC approach is supported by many low- and middle-
income countries in order to prevent industrialized countries incorporating
adaptation funding within development assistance and thereby avoiding
providing new and additional funding for adaptation under the UNFCCC.
Therefore, as recently as the June 2008 meeting for the subsidiary bodies to the
UNFCCC, low- and middle-income countries called for the measurable,
reportable and verifiable use of new and additional funding for climate change-
specific activities (as opposed to more general resilience building).41

However, building adaptive capacity requires actions that focus not only on
the measurable and verifiable impacts of climate change, but also on a wide range
of factors that contribute to a broader reduction in vulnerability to climate
variability and climate change.42 It is important that funding is made available for
adaptation activities that can also address other, non-climatic, aspects of
vulnerability. Such activities have traditionally been the focus of development
practitioners; yet the climate regime has not conventionally engaged many of the
agencies and actors whose participation in adaptation is essential.43 Given these
limitations to assistance for adaptation under the UNFCCC, a second,
significant, international source of finance for adaptation must come from ODA.

The role of official development assistance (ODA) in
funding adaptation

The objectives of development overlap considerably with those of adaptation
because vulnerability depends upon the capacity of a society to cope with and
adapt to climate-related hazards; this is constrained by factors such as lack of
resources, poor institutions, governance, inadequate infrastructure and other
economic constraints related to a lack of development.44 Given this close
relationship, supporting adaptation through development pathways makes
sense.45 This section discusses two key ways in which development assistance can
finance adaptive capacity in recipient countries: first, through the generation of
specific bilateral or multilateral climate change funds that are independent (but
supposedly supportive) of the UNFCCC and intended to fund targeted adaptive
initiatives for capacity-building and protective infrastructure; and, second,
through mainstreaming climate change into development. This involves
integrating climate change within ongoing development planning to ‘climate
proof ’ existing development investments, maximize the potential of development
projects to enhance adaptive capacity, and avoid maladaptation.46

Multilateral and bilateral funds for adaptation

Generating funds through bilateral and multilateral institutions can capitalize on
the experience of development agencies in reducing vulnerability and channelling
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funding for international development objectives. The largest and most recent
(and controversial) example of such a fund can be drawn from the World Bank
Climate Investment Funds (CIFs).

The overall objective of the CIFs is to provide concessional loans for policy
reforms and investments that achieve development goals through a transition to
a low carbon development path and a climate-resilient economy.47 There are two
trust funds under the CIFs: the Clean Technology Fund, essentially focusing on
mitigation and investment in low carbon technologies; and the Strategic Climate
Fund, which is broader and more flexible in scope and serves as an overarching
fund that can support various programmes to test innovative approaches to
climate change. The first of these programmes, intended to fund adaptation
activities, is the Pilot Programme on Climate Resilience (PPCR), with a target
size of US$1 billion, aimed at increasing climate resilience in low- and middle-
income countries.

The development of the CIFs, in general, and the PPCR, in particular, has
been shrouded in controversy. First, the governance structures of the CIFs and
PPCR (see Box 15.1) have been heavily criticized as being donor driven,48

potentially undoing the progress made with the AF, which had only been decided
upon a few months prior to the announcement of the PPCR. Indeed, the PPCR
was originally entitled the Adaptation Pilot Fund, widely interpreted as a move
to compete with the AF under the Kyoto Protocol.49 However, a recent revised
proposal included a more balanced representation of donor and recipient
countries and includes the chair of the AF board (see Box 15.1) in an attempt to
link the World Bank initiative to the UNFCCC. At the time of writing, these
arrangements were still under discussion.
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Box 15.1 The governance structures of the World Bank
Climate Investment Funds (CIFs) and the Pilot

Programme on Climate Resilience (PPCR)

The Strategic Climate Fund would be governed by a trust fund committee with
six representatives from donor countries, six representatives from eligible
recipient countries, a representative from the World Bank and a representative
from partner multilateral development banks.The Pilot Programme on Climate
Resilience (PPCR) operations and activities would be overseen by a PPCR
subcommittee with two members of the Strategic Climate Fund Trust Fund
Committee, six representatives from donor countries, six representatives from
recipient countries and the chair of the Kyoto Protocol Adaptation Fund (AF)
board. Decisions would be by consensus.

Source: CCCD (2008) Financing Mechanisms for Adaptation, Secretariat to the
Commission on Climate Change and Development, Stockholm, Sweden

Chapter 15.qxd  4/30/2009  4:20 PM  Page 346



 

The main criticism of the PPCR is now regarding the fact that most of the
funding under the PPCR will be made available through loans, not grants, and
that these loans are to be counted as ODA. The World Bank has justified this
decision by reinterpreting the concept of ‘new and additional’, stating that funds
‘are new and additional to existing levels of ODA’ but that ‘it is expected that
most donors will include contributions to the CIFs in their ODA reporting’.50

Criticism against the PPCR on this basis raises an important point about funding
for adaptation: that responsibility for assisting the most vulnerable countries in
coping with the impacts of climate change must be additional to existing aid
commitments and based on the polluter pays principle, pointing towards
responsibility-based rather than burden-based criteria.51 Financing for adaptation
is not owed to poor countries as ‘aid’ but, rather, as compensation from high
emissions countries for those that are most vulnerable to the impacts.52 This
principle is specifically recognized by the UNFCCC through Article 4.4, which
specifies that developed countries have committed to helping ‘particularly
vulnerable’ countries meet the costs of adaptation,53 and this principle is upheld
in the decisions regarding the allocation of the UNFCCC funds but not by
funding adaptation through ODA.

Mainstreaming into ODA

In the context of ODA, mainstreaming adaptation means working through
existing channels of ODA to integrate adaptation concerns across the full range
of support. Mainstreaming is seen as making more sustainable, effective and
efficient use of resources than is the case when climate policies are designed and
managed separately from ongoing activities.54

One way of mainstreaming climate change into development processes is
through screening of development portfolios.55 Portfolio screening involves the
systematic examination of an agency’s set of policies, programmes or projects,
with the aim of identifying how concerns about climate change can be integrated
within an agency’s development priorities.56 Such screening helps both to identify
existing development projects that are particularly threatened by climate change
and to identify opportunities for incorporating climate change more explicitly
within future projects and programmes. A review of the screening activities of
donor portfolios by Klein and colleagues57 concluded that between 2001 and
2007, six development agencies screened their development portfolios (Box 15.2
presents a case study of mainstreaming adaptation into World Bank operations).
The authors concluded that while most agencies already consider climate change
as a real but uncertain threat to future development, they tend to have given less
thought to how different development patterns might affect vulnerability to
climate change.
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Box 15.2 Mainstreaming climate change into World
Bank operations

Burton and Van Aalst suggest that climate risk assessment should become a
routine component of World Bank activities where there are significant climate
risks, and propose a screening tool to select which projects merit further risk
assessment. At the country level, the risks of climate change and variability
should be recognized alongside other risks that are routinely assessed, such as
environmental impacts, economic risks and political risks, as reflected in
Country Assistance Strategies and sector work.

These suggestions fall mostly within the scope of regular World Bank
work; but their implementation could be facilitated by the emerging
international regime for climate change adaptation, particularly in the financing
opportunities under the UNFCCC.

Recommendations for mainstreaming into the Bank’s work include:

• Mainstreaming adaptation through the routine incorporation of climate risk
management within World Bank work at the country and project level.The
climate risk management should target the whole spectrum of climate
change, climate variability and extremes.

• A preliminary screening of projects for climate risk could be quick and
straightforward, provided that the appropriate climate risk information is
readily available. The World Bank could establish a Climate Risk
Management Knowledge Base to facilitate this.

• Only for projects at risk would further risk assessments be performed.
Tools for such an assessment, best practice examples and access to
networks of expertise and experience could also be included in the
Climate Risk Management Knowledge Base.

• At the country level, climate risks should routinely be assessed in Country
Assistance Strategies and sector work, alongside other risk assessments.

• The development of climate risk screening tools and methods for risk
assessment can build upon recent and current World Bank work in the
regions. Further development could initially take place on a pilot basis.

• While the development of tools and the collection of information can only
happen in the context of particular countries and sectors, and should go
hand in hand with ongoing World Bank work, there is a need for central
support and coordination.

The World Bank has since begun to develop a screening tool to help project
developers to assess whether proposed investments face significant climate
risks.The computer-based package would also provide sources of information
and expertise on ways to reduce a project’s vulnerability. The Bank suggests
that in the longer term it could become a standard tool for screening new
projects for climate risk early in the project cycle.*
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Mainstreaming adaptation into climate change is not a ‘one-stop shop’ for
financing both adaptation and development priorities in vulnerable low- and
middle-income countries. First, development activities are sensitive to a range of
climate variables, only some of which can be reliably projected by climate models.
Second, there is a mismatch between the temporal and spatial scales of
information required for development and climate change planners, particularly
where development interventions take place at the local scale, where accurate
climate data are lacking.58 It is difficult to develop adaptation plans for any urban
centre if there is little certainty as to what climate change implies for that
particular locality.

Furthermore, there may be trade-offs between development priorities and the
actions required to deal with climate change at all levels,59 and climate-proofed
agendas of development institutions may find themselves competing with
institutions and constituencies whose overriding priorities are economic and
social development. In this case, efforts to fully mainstream adaptation into ODA
may encounter political and institutional resistance, especially if they entail new
conditionalities. Objections by recipient countries may be particularly strong
where new measures are not accompanied by increased assistance, so that it
appears that existing aid flows are being diverted to needs other than
development.60 In such instances where conflicts arise, adaptation would involve
designing and implementing measures that are more targeted to specific threats
than development interventions tend to be, and mainstreaming would then
ensure that development activities themselves are not maladapted to climate
change.61 However, it should be recognized that much of what is part of a pro-
poor development agenda will contribute to reduced risks and vulnerabilities to
most of the likely impacts of climate change – for instance, as provision for good-
quality piped water, sanitation, storm and surface drainage, all-weather roads and
paths and healthcare are extended to ‘slums’ and informal settlements.62

Given that there can be trade-offs between development and adaptation
priorities, ODA cannot be seen to ‘plug the gap’ left by inadequate climate
change finance under the UNFCCC.63 Funding for adaptation must be in
addition to ODA funds, and not all development choices can be dictated by
climate change priorities. From a political standpoint, it is most plausible to
pursue adequate financing for adaptation within the UNFCCC. In addition,
given that future adaptation needs are closely tied in with the achievement of
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Note: * See Burton, I., Diringer, E. and Smith, J. (2006) Adaptation to Climate Change:
International Policy Options, PEW Centre on Global Climate Change,Arlington,VA

Source: adapted from Burton, I. and Van Aalst, M. (2004) Look Before You Leap: A Risk
Management Approach for Incorporating Climate Change Adaptation into World Bank
Operations,Working Paper 100, Environment Department,The World Bank,Washington,
DC    
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international greenhouse gas reduction targets, it makes sense to build on, rather
than compete with, the climate change apparatus already established under the
convention.64 ODA certainly has a role to play in supporting the UNFCCC65 by
funding adaptation activities beyond the narrow remit of the convention;
however, this role is additional (but related) to the obligations of the formal
climate change management frameworks of the UNFCCC.

Access to adaptation finance by urban stakeholders

Within the international climate change arena, there seems to be a preoccupation
with estimating the costs for adaptation and raising the funds to meet those costs.
Underpinning this concern over funding amounts is an apparent assumption
that, were adequate funding available for low- and middle-income countries to
adapt, then adequate adaptation could take place. However, this overlooks the
fact that there is a significant deficit in ‘absorptive capacity’66 of many low- and
middle-income countries and the most vulnerable groups within them to access
these funds and then to use them for their intended purposes. Problems with
accessing funds at the international level have already been discussed and
highlight the need to support capacity-building initiatives to ensure that
vulnerable low- and middle-income countries are able to access funding when it
is available. At the country level, there is a need to think carefully about the
receiving of funds and the delivery mechanisms through which this funding can
be disbursed for the purposes of adaptation. There are obviously key roles for city
and municipal governments.

Experience with adaptation funding under the UNFCCC has shown that in-
country, institutional responsibilities for adaptation are unclear and sometimes in
competition.67 With the increasing proliferation of bi- and multi-donor and
convention funds available, it is vital to avoid duplication of efforts and to ensure
consistency in approach. One solution that is currently being piloted in
Bangladesh is the development of a country-owned Multi-Donor Trust Fund
(MDTF) through which all funding for adaptation could then be channelled.
The fund would pool money obtained from different national and multilateral
climate change funds and be managed by a board of trustees. To date, the UK
government’s Department for International Development (DFID) has pledged
UK£75 million in grant funding to initiate this fund and this has been matched
by a national pledge by Bangladesh of US$45 million to demonstrate its
commitment to the progress of the MDTF.68 It is hoped that such a framework
could significantly reduce transaction costs for global and bilateral funds and pave
the way for large fund flows in the future, while ensuring proper institutional
structures, governance, management and targeting of funds at the national level.

The scale and scope of the MDTF are still under discussion at the time of
writing; but it is hoped that the fund would be accessible to the government
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agencies, NGOs and private sector actors who work with vulnerable communities
at the local level. However, a recent announcement that the World Bank is likely
to take at least interim (two years) responsibility for the governance of the fund
has raised alarm bells, particularly from NGOs concerned that this may result in
bureaucratic and functional problems similar to those already faced with the
international and, in particular, the GEF-managed adaptation funds.69

Discussions concerning MDTF governance remain ongoing.
It is also important that the institutions and agencies through which funds

are channelled to the people most at risk from climate change are given careful
consideration. Given that most of those most vulnerable to climate change are the
poorest people in low-income countries, in order for adaptation funding to be
effective in reducing vulnerability these groups must be targeted by adaptation
resources. Adaptation to climate change at this level requires local knowledge,
local competence and local institutional capacity.70 However, the success of
adaptation at the local level relies heavily on supportive institutional
environments created by the levels above. Successful adaptation requires both the
involvement of local groups and civil society organizations with the knowledge
and capacity to act, and a willingness among local and national governments to
work with and support low-income and vulnerable groups.71 Achieving such
synergies among this range of stakeholders depends critically upon how (or, in
many cases, whether) adaptation funding is made accessible to those who need it
on the ground. An ongoing study by the International Institute for Environment
and Development (IIED)72 has identified five main strategies for channelling
resources to adaptation:

1 integrating adaptation within national planning;
2 social transfers for building adaptive capacity;
3 multi- and bilateral-funded projects for adaptation;
4 international and national or local NGO-managed adaptation; and
5 private-sector provision of adaptation goods and services.

The authors of the study recognize that these are not mutually exclusive or
competing means of addressing adaptation; rather, the aim of the study is to
consider in which contexts different combinations of channels can be most
effective. The study, furthermore, evaluates each of these channels against their
ability to achieve ‘adaptation by the poorest’. Each ‘channel’ was assessed against
its scale, impact upon indicators of adaptive capacity (including poverty, health,
education and governance)73 and ‘pro-poor’ effectiveness.

Early findings from the review demonstrate the need to use different funding
strategies in combination under varying circumstances to ensure adaptation that
benefits those most at risk and most vulnerable. For example, channelling funds
through government institutions can be advantageous in terms of scale and
efficiency of resource allocation and this can also have beneficial impacts upon
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the governance indicators of adaptive capacity. However, significantly, achieving
adaptation that benefits the poorest groups requires government capacity and
willingness to work with them and their organizations. In a review of constraints
on the adaptive capacity of urban areas in low- and middle-income countries,
Satterthwaite and colleagues74 show that in the most vulnerable cities in low- and
middle-income countries, one third or more of the population and workforce live
and work in illegal settlements that local governments often refuse to work with
or even recognize. The authors argue: ‘you cannot fund a pro-poor adaptation
strategy if the city government refuses to work with the poor, or sees their homes,
neighbourhoods and enterprises as “the problem”’. The authors conclude that the
capacity of local governments to ensure provision for infrastructure and for
disaster risk reduction and preparedness is pivotal in avoiding catastrophic
impacts of climate change; and yet this capacity is lacking in the urban areas that
need it most.

Conversely, while civil society actors, particularly NGOs, are sometimes
lauded for their ability to access and support local-level and community-based
approaches, the benefits that NGOs can achieve are largely dependant upon the
political context in which they operate. Civil society efforts require practical
structures for collaboration with government; and where the agenda of NGOs
conflicts with that of the state, NGOs are obliged to respect the priorities of
national development strategies in deciding where to place and how to handle
their resources. Furthermore, accountability towards funders rather than
beneficiaries can result in NGOs marginalizing the lowest-income groups that
they claim to represent.

However, financing adaptation through governments while also supporting
civil society can increase the effectiveness of both. Increasing NGO capacity can
strengthen lobbying of low- and middle-income country governments on behalf
of the poor and help to hold governments accountable for service delivery, which
can provide some assurance to donors of the effectiveness of aid channelled
through national systems. Likewise, linking NGOs to national planning
processes can increase accountability of the NGOs and the processes that they
manage. Furthermore, NGOs are well placed to encourage uptake of services
provided by other channels to the poorest groups, given their access to local
communities and capacity to communicate messages in locally appropriate
contexts. Finally, simultaneously supporting adaptation through NGOs and
government systems can encourage state support for civil society actions and
encourage the scaling-up of community-based approaches.75 But NGOs also
need to be accountable to low-income groups and recognize the knowledge,
resources and capacities that they can bring to adaptation.

In an urban context, in areas where vulnerability can be ascribed to the
failures or limitations of local government, financing adaptation should be used
both to address this problem and work around it. Funding could be channelled
through civil society organizations that do have direct access to, and a history and
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knowledge of working with, the poorest, as well as private-sector initiatives that
can offer goods and services not provided by the government. There are also
channels through which funding can support community-driven ‘adaptation +
development’ directly – for example, through local grassroots–local NGO–local
government partnerships.76 In addition, institutional support for local-level
adaptation needs attention. Any fiscal support must be accompanied by, or used
for, the strengthening of institutional capacity and accountability at the city and
sub-city levels of government in order to reduce these gaps between local and
national processes and to ensure that financial resources reach those who can use
them best.

Clearly, the relative weight and combinations of different adaptation finance
strategies will depend upon the specific local and wider contexts of climate
change vulnerabilities. While these conclusions are seemingly commonsense,
political expediency often results in an overemphasis on one funding strategy at
the expense of others;77 for example, adaptation projects financed through large
multilateral agencies are currently being prioritized over other mechanisms, while
streamlining adaptation through national plans is widely regarded as a win–win
option for climate-proofing national development. There is a need for further
research into how, and under what circumstances, combinations of different
channels can be best designed to facilitate access to funding for adaptation by the
most vulnerable groups.

Conclusions

The costs of adaptation to address current and near-term future risks arising from
climate change are huge; at present, the formal funding mechanisms under the
UNFCCC for meeting these costs fall far short of what is needed. Innovative
proposals are being discussed currently, which have the potential to bolster
UNFCCC funds, and there is some optimism about the scale and capability of
the AF to become the key avenue through which international commitments on
adaptation should be channelled. However, it is unlikely, certainly in the near
future and probably ever, that finance for adaptation under the UNFCCC can
meet all the adaptation needs of low- and middle-income countries. International
funds through development assistance can contribute to meeting this shortfall.
Yet, financing adaptation through overseas development assistance raises its own
set of political and ethical problems concerning the responsibilities of high-
income countries to pay for the costs of climate change in addition to aid
commitments. Furthermore, discussions on how to finance adaptation tend to
overlook the local and national political and institutional constraints on
achieving adaptation, even with adequate finance, and bypass considerations of
how to channel funding to those who need it and can be most effective in
addressing it.

International Funding to Support Urban Adaptation to Climate Change 353

Chapter 15.qxd  4/30/2009  4:20 PM  Page 353



 

These conclusions do point to an opportunity for complementarity between
UNFCCC and ODA international funding streams for adaptation. Given the
overlap between development and adaptation objectives, there must be a role for
ODA in financing adaptation, independent but supportive of the UNFCCC.
Development assistance takes a more inclusive approach to vulnerability reduction
and therefore can be used to address the underlying drivers of vulnerability
associated with poor institutional capacity. Convention funds could be packaged
with ODA assistance to support broader climate risk management strategies in
vulnerable low- and middle-income countries.78 International donors are well
positioned to strengthen national capacity, while development practitioners and
disaster risk reduction practitioners also have a wealth of experience in dealing
with reducing vulnerability to climate hazards and extremes at local, sub-national
and national scales.79 ODA therefore has a role in funding adaptation, and
channelling funds through development organizations can help to build the
necessary local and national institutional capacity to receive and use UNFCCC
funds appropriately, as and when they become available to any reasonable degree.
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16

Conclusions: Local Development and
Adaptation

David Satterthwaite, David Dodman and Jane Bicknell

Introduction

We hope that this volume helps to establish that urgent attention needs to be given
to climate change adaptation in urban areas in low- and middle-income nations.
While there are some careful studies showing the risks in particular cities, and who
is most at risk, these have not generated a broader acceptance among national
governments and international agencies of the scale and nature of risk faced by
urban populations. Indeed, most discussions of adaptation do not deal with urban
areas at all. This is surprising given not only the number of people whom they
house, but also the number of urban dwellers at risk from climate change and the
economic importance of urban areas in virtually all national economies.

The chapters in this volume illustrate the challenges faced by urban citizens
and governments in low- and middle-income countries as a result of climate
change. The scale of the challenge is substantial: hundreds of millions of urban
dwellers are likely to be at risk from the direct and indirect impacts of climate
change over the next few decades. But the research findings presented in this
volume also help to translate these abstract figures into the experiences that will
affect individuals and communities, the very young and elderly people,
households and businesses in towns and cities as a result of climate change.

This concluding chapter draws out some of the key themes identified by the
contributors to this volume and uses these as the basis for suggesting future
directions for research and action. This approach reflects a recognition that the
effects of climate change are already being felt and that unless actions are taken
soon, the consequences could be a growing number of catastrophic events. It is
also likely that there will be a large increase in the number of disasters that are not
logged in international disaster databases (whose cumulative impacts may be
greater than those that are logged) and also a large increase in less dramatic but
nonetheless damaging changes – for instance, greater health risks from certain
diseases and serious constraints on freshwater supplies. In part, this approach can
be taken because of the growing acceptance of the basic facts of climate change
and a growing realization that there is a necessity to move beyond describing
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people’s vulnerability to them, to creating more resilient human settlements. Of
course, building resilience and facilitating adaptation need to take place within a
broader context of measures to reduce greenhouse gas emissions.

Key themes

Reading the chapters in this volume brings to the fore certain key themes:

1 The very large numbers of urban dwellers at risk from the impacts of climate
change. This is best documented with regard to floods and storms – see, for
instance, the cases of Mombasa in Chapter 3, Dhaka in Chapter 4, Mumbai
and Shanghai in Chapter 6, various cities in Africa in Chapter 9, Santa Fe,
Caracas and Buenos Aires in Chapter 10 and many cities in India in Chapter
14. Certain chapters also highlight the vulnerability of cities or particular city
populations to sea-level rise, including the global overview of urban
populations in the low-elevation coastal zone (LECZ) (Chapter 2), Cotonou
(Chapter 5) and Shanghai and Mumbai (Chapter 6); Chapter 14 notes the
large stretches of the coast in India at risk from sea-level rise, which include
many heavily populated areas. Many chapters point to the worries about
changes in freshwater resources for cities – including cities in the Andes
(Chapter 10), in Asia (Chapter 7), in sub-Saharan Africa (Chapter 12), in India
(Chapter 14) and in Durban (Chapter 11). This discussion of changes in
freshwater availability recognizes that climate change’s impact is not necessarily
increased water scarcity but, rather, increased stresses on regular supplies in
local contexts where much of the population lack safe and sufficient provision
for reasons that have little or nothing to do with water scarcity. As Kovats and
Akhtar note in Chapter 7: ‘The impact of climate change upon water
availability is likely to be one of the most significant for the health of
populations. However, due to the complexity of the factors that determine
access to clean water (social, political and environmental), the impacts upon
health are not well addressed in the literature on climate impacts.’

2 Getting more attention to avoiding extreme weather disasters. The number of
extreme weather disasters and the scale of their impact have grown rapidly in urban
areas in low- and middle-income nations even though it is likely that there are large
undercounts in the number of disasters and their total impact (see Chapters 1, 9
and 10). It may not be possible to ascribe this to climate change or to identify
climate change’s contribution relative to other factors. In many urban centres, this
growth in the number and impact of extreme weather events has much to do with
the growth of urban populations concentrated on sites at risk. But this is evidence
of how vulnerable large sections of the urban population are to extreme weather
events whose frequency and/or intensity is likely to increase as a result of climate
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change. Two chapters in particular, Chapters 8 and 10, raise the importance not
only of action now to avoid disasters (as better-quality homes, neighbourhoods and
infrastructure and services prevent floods that cause death and injury, as well as
limiting damage to properties), but also of being prepared for them (to limit their
impacts) and being able to respond rapidly in ways that quickly and effectively
address the needs of those who are affected and displaced. Chapter 10 also points
out how it is more difficult politically to get action to limit the impact of extreme
weather (or other disasters) because it is not possible to show in advance how many
deaths could be avoided by doing so. Many of the measures needed to reduce
vulnerability to extreme weather require working with low-income groups on what
can be politically difficult issues, such as providing infrastructure and services to
those living on land that is illegally occupied or subdivided. Although Chapter 10
is on Latin America, its opening paragraph has wider relevance:

… climate change and variability come to people’s attention as extreme
weather events such as floods, droughts, extreme temperatures, heavy
rains and storms. These events are perceived as unusual and
extraordinary and, over subsequent days, the media is full of press
releases detailing how many people were killed, injured or displaced.
Authorities and experts comment on the status of the situation, its
causes and what should be done to prevent future disasters. However, a
few days later everything is forgotten, although those who have been
displaced or whose homes have been damaged continue to struggle.

Chapter 14 highlights how, in India, a great missed opportunity over the last 15
years was the chance to connect the official climate change adaptation agenda
with the rapid development of natural hazard risk assessment, management and
disaster risk reduction capacity after the devastating disasters during the 1990s
and early 2000s.

3 The variations in risk and vulnerability within the population of any urban centre.
The fact that there are large differentials in risk and vulnerability within urban
centres is an issue covered in virtually all the chapters. This can be seen in how
certain locations within an urban area are affected most, and how often these are
locations with high concentrations of low-income households – often illegal or
informal settlements with poor-quality housing and a lack of protective
infrastructure. See, for example, the extent to which low-income groups have no
alternative but to settle on land at risk from floods or landslides (Mombasa in
Chapter 3; Dhaka in Chapter 4; Mumbai and Rio de Janeiro in Chapter 6; Santa
Fe in Chapter 10); the lack of protective infrastructure (many chapters, but
particularly Dhaka in Chapter 4; Mumbai in Chapter 6; and Santa Fe in Chapter
10); and the lack of land-use planning and building control (many chapters; but see
Chapter 4 for details of how natural drains are lost to building expansion in Dhaka).
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Chapter 8 highlights the differentials in risk and vulnerability within urban
populations for different age groups, and between women and men (and girls and
boys), for avoiding disasters, for avoiding death and injury when they occur, and
for coping after disasters have occurred. This includes a concern for understanding
the implications of these risks for children’s long-term development, as well as
children’s resilience and their potential contribution to solutions.

All chapters, with Chapter 6 having this as a particular focus, cover the complex
range of factors that contribute to risk and vulnerability in each location.

4 Adaptation needs to be locally driven and to involve those most at risk. The
particular ways in which climate change will affect particular urban centres and
particular population groups within them is very much influenced by local
contexts, including the quality of buildings, the availability of infrastructure,
urban forms and topographies, land uses around the urban centre, local
institutional capacities. Indeed, one of the first ways for any urban centre to start
planning for adaptation is to begin building a more detailed picture and map of
who is most at risk to extreme weather and disasters, and why (see Chapters 3,
10 and 11, in particular). This includes understanding the current impact of
weather and climate variability on health (Chapter 7), and drawing together
relevant information from different sources and government agencies (Chapters
9 and 10). Local knowledge and widespread local consultation are necessary – in
order to gauge the concrete and particular ways in which women and men of
different age groups and in different places are at more serious risk, as well as to
establish what everybody can contribute to risk reduction (Chapter 8).

5 Linked to this point about locally driven adaptation is the importance of two key
actors – local governments and community-based organizations. It is impossible to
conceive of an effective adaptation programme for any major urban centre without
a competent, capable local government that is able and willing to work with the
inhabitants of the settlements most at risk – which in most nations means working
with the residents of informal/illegal settlements. This does not mean that the local
government is the only actor – but it has to provide the framework and policies
that encourage and support the contributions of individuals, households,
community-based organizations, non-governmental organizations (NGOs) and
private enterprises – and provide the needed local coordination for the actions and
policies of different agencies from higher levels of government. Most chapters
consider these issues, with Chapters 11 and 12 making this their central focus.
Chapter 11 reports on the city of Durban’s programme for adapting to climate
change. This is of interest not only because it describes the development of an
adaptation plan by the city government (and the information base it needs), which
is very unusual (very few city governments in low- and middle-income nations
have taken this step), but also because it discusses the difficulties that developing
such an adaptation programme faces, even within a city government committed
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to development and poverty reduction. Many government agencies (and
politicians and senior civil servants) see climate change adaptation as potentially
drawing resources from their budgets – and this to address risks that they see as
too uncertain or too far into the future. As Debra Roberts stresses, each city needs
an information base to make climate change relevant to its locality and requires
support for developing this. But many international agencies concerned with
climate change are prioritizing mitigation, not adaptation (see also Chapters 1 and
14). Roberts also stresses the need to go beyond the easy, almost symbolic, project
(e.g. reducing methane emissions from landfills), and notes how external funding
would be better spent capacitating people rather than implementing often ad hoc
climate change-related projects.

6 Many chapters describe actions and precedents that show some movement towards
adaptation. There is much to be learned from the experience in Durban (Chapter
11); Chapter 12 describes the kind of municipal adaptation programme that
needs support in Cape Town; Chapter 13 notes ways to take forward water
management for greater urban resilience to climate change. Chapter 8 has some
strong examples of the means by which the risk and vulnerability of children are
reduced in disaster response; and Chapter 10 has examples of city and national
governments in Latin America that are addressing adaptation issues, usually
driven by responses to the devastating impacts of recent extreme weather events.

Conclusions

The central role of local governments

Perhaps the main message of this volume is that adaptation is not possible
without knowledgeable, accountable, better resourced and technically competent
local authorities who are willing and able to work well with the groups most at
risk. This is a point that has resonance far beyond the specific context of climate
change: well-governed towns and cities have populations and economies that are
resilient to a broader range of shocks and stresses, including the extreme weather
and other events that can bring disasters that should have been avoided. Well-
governed urban centres should be able to protect their inhabitants from floods
and storms and ensure a high quality of life through the provision of
infrastructure, services, public space, a planning framework and accountability.
They should be able to understand the very location-specific, place-specific local
needs for this – through strong local information, careful consultation and
accountable political and administrative systems. Planning, land-use
management, and building and land-use standards should ensure that sufficient
land is available for housing (including low-cost housing) without urban
expansion over land that is dangerous or needed for city or regional flood
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protection. Obviously, one important adaptation strategy is to ensure sufficient
supplies of legal serviced land for housing that serves low-income households
both in its location and in its price – and that avoids dangerous locations. This is
something easily stated, but almost always difficult politically.

As many chapters in this volume make clear, there are very substantial
synergies between successful adaptation to climate change and successful local
development, including poverty reduction. Reductions in poverty, including
improvements in housing and living conditions and provision for infrastructure
and services, are central to adaptation. Successful well-governed cities greatly
reduce climate-related risks for low-income populations; unsuccessful badly
governed cities do not and may greatly increase such risks. And one of the key
predictors for resilience at the level of the individual, household and community
is access to safe, secure housing with the necessary infrastructure and services.
Although building standards and regulations are necessary and are intended to
ensure the safety of homes, schools and offices, simply making these more
rigorous or enforcing them more stringently is likely to have negative impacts
upon the ability of the urban poor to find or build safe shelter. These standards
are intended for finished buildings; yet the financial constraints faced by most
low-income groups mean that they are seldom able to build or purchase an entire
structure at a single time. Thus, what is required is a more flexible system of
standards that encourages and supports low-income urban residents to construct
incrementally in a safe way, rather than using standards that deem illegal all their
efforts.

It is not surprising that most city governments and most ministries and
agencies at higher levels of government in low- and middle-income countries
have given little attention to climate change adaptation within their urban
policies and investments. This is not only because of limitations in city and
municipal governments – even where such governments are competent,
representative and accountable to poorer groups, they generally have more
pressing issues, including large backlogs in provision for infrastructure and
services, and with much of their population living in poor-quality housing. They
are also under pressure to address a range of immediate needs – to improve
education, healthcare and security – and are looking for ways to expand
employment and attract new investment. It is difficult to engage them when risks
are uncertain and perceived as being in the future.

Unless adaptation to climate change is seen to support and enhance the
achievement of development goals and to be relevant to the ministries or agencies
responsible for housing, planning, infrastructure and public works, it will remain
marginal within most government plans and investments. Perhaps as importantly,
the need for adaptation highlights the importance of strong, locally driven
development that delivers for poorer groups and is accountable to them.
Similarly, the extreme vulnerability of large sections of the urban population to
many aspects of climate change reveals the deficiencies in ‘development’. Unless
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these deficiencies are addressed, there is no real basis for adaptation. It is very
difficult to conceive of how to get pro-poor and effective adaptation in nations
with weak, ineffective and unaccountable local governments. This is especially so
in the many nations that also have civil conflicts and no economic or political
stability. Many of the nations or cities most at risk from climate change lack the
political and institutional base to address adaptation. Even if we can conceive of
how this might be addressed, it is difficult to see how existing international
institutions as they are currently configured can do so. Discussions on the
framework for international funding for adaptation may still be far from
providing the necessary funding (as discussed in Chapter 15); but understanding
how this can support locally determined, locally driven adaptation that serves,
and works with, those most at risk, is even further off.

The importance of community-based adaptation and its limits

For community-based adaptation, there is a danger that its relevance will be both
overstated and underplayed at the same time. It will be overstated because
community-based organization and action cannot provide the citywide
infrastructure and service provision and city–region management that are central
to adaptation. Many of the risks and vulnerabilities that low-income groups face
come from deficiencies or inadequacies in infrastructure provision that they alone
cannot address. For instance, they may be able to help construct or improve
drainage and collect solid waste within their settlement; but this needs a larger
drainage and solid waste collection system into which to feed; or investments and
actions are needed ‘upstream’ from them – for instance, to reduce the volume and
speed of floodwaters.

But the relevance of community-based adaptation is also underplayed in that
the policies and practices of governments and international agencies do not
recognize the capacity of community-based organizations to contribute to
adaptation, or, if they do, they lack the institutional means to support them.
Low-income urban residents can affect many risk-reducing measures,
individually or collectively, while well-organized, representative community
organizations are important for representing their interests to local governments
and external funders. Also important is the possibility for these local
organizations to form broader coalitions to undertake work on a larger scale, and
to influence local and international views on effective adaptation and
international strategies for adaptation financing.1

The work of community-based action to install and maintain sewers and
drains in Karachi and other urban centres in Pakistan can illustrate this. With the
support of a local NGO, the Orangi Pilot Project–Research and Training
Institute, the residents of small streets (lanes) were able to work together to design
and manage the installation of good-quality sewers and drains; some also installed
piped water. By keeping down unit costs, the costs could be covered by payments
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made by the residents. This also allowed a much larger-scale initiative since no
external funding had to be negotiated. These community-managed initiatives
have greatly improved conditions in low-income settlements all over Karachi and
in many other urban centres; but to be effective, they need to be integrated
within a larger system of water, sewer and drainage mains. What made this model
so much more effective and large scale was the capacity of the local NGO not
only to support community action, but also to get local government to support
this – and so local government provided the larger infrastructure framework into
which all the community-managed interventions could fit.2

There are increasing numbers of examples of partnerships between local
governments and community-based organizations formed by the urban poor
that have greatly reduced environmental health risks – for instance, by
improving housing and installing or improving piped water, sanitation and
drainage.3 Although these are not in response to climate change (although many
are in response to extreme weather), they show what is possible. There is also a
40-year experience of upgrading ‘slums’ and informal settlements that has
nothing to do with climate change and, although the extent of success is very
varied, where it works, it certainly reduces poorer groups’ vulnerabilities to
flooding and other extreme weather events. Many city governments support
‘slum and squatter’ upgrading.4 In some nations, these receive considerable
support from national government – as in the Baan Mankong (secure tenure)
programme in Thailand, supported by the Thai government’s Community
Organizations Development Institute,5 and in the PRODEL programme in
Nicaragua.6 The best ‘slum and squatter’ upgrading programmes can be seen as
good examples of the necessary combination of community-based adaptation
and supportive local governments; they may focus on addressing ‘everyday’
hazards and protection against extreme weather, but addressing climate change
is often simply an extension of this.

Another important set of experiences relevant to community-based
adaptation is community-managed enumerations and surveys.7 In many cities,
federations of slum/shack dwellers and local NGOs have undertaken surveys and
mapping of all informal settlements at a citywide scale – for instance, in
Johannesburg and Cape Town8 in South Africa, in Kisumu and Nairobi9 in
Kenya, and in Phnom Penh10 in Cambodia. This has also been done for all of
Karachi’s informal settlements by the Orangi Pilot Project–Research and Training
Institute, and this detailed mapping contributed to the innovations noted above
in sewers and drainage construction.11 The advantage of these initiatives is that
not only do they identify risk, but they also focus on populations who are
particularly vulnerable and engage these populations in developing this
information base and identifying appropriate responses. In many cities, the
slum/shack dweller federations and their support NGOs have also undertaken
surveys of vacant land to identify safe and appropriate sites for relocation when
in situ upgrading is not possible.12
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In addition, the slum/shack dweller federations and their support NGOs
have undertaken many detailed household surveys in informal settlements –
covering every household and producing very detailed maps showing plot
boundaries and existing infrastructure provision. This provides the information
base needed for investment plans for infrastructure and services and for
upgrading housing – and often for plot regularization and land tenure provision
for households. These are often the first surveys, plans and maps ever produced
for these informal settlements – even when such settlements comprise a
significant proportion of a city’s population. They have also provided the means
by which the residents of these settlements and their community organizations
have engaged with local governments in discussing development plans for their
settlements13 – for instance, in Nairobi,14 Dar es Salaam15 and Mumbai.16 But
almost all of the valuable precedents noted above were only possible because of
representative organizations formed by urban poor groups within informal
settlements, in which women had central roles. In most informal settlements,
these organizations are not present or face strong local opposition.

Mitigation and the distribution of adaptation costs

Discussions of adaptation must also remember the profound unfairness globally
between those who cause climate change and those who are most at risk from its
effects.17 This can be seen from three different aspects.

The first concerns nations. It is within the wealthiest nations that most
greenhouse gases have been emitted; but it is mostly low- and middle-income
nations that are bearing, and will bear, most of the costs. Figure 16.1 gives some
idea of the scale of the differentials between nations with regard to carbon dioxide
emissions per person from fossil fuel use and the manufacture of cement. For
many low-income nations, emissions per capita can hardly be seen on the graph
because they are less than 0.1 metric tonnes, i.e. less than 1/200th that of the US
and Canada. In 2004, per capita carbon dioxide emissions were around 20 tonnes
in the US and Canada, 6 to 10 tonnes in most European nations – and less than
0.25 tonnes for many nations in sub-Saharan Africa and Asia. Several sub-
Saharan African nations have per capita emissions of less than 0.1 tonnes,
including Niger, Burkina Faso, Malawi, Uganda, Rwanda, Central African
Republic, Mali, Burundi and Chad. Several low-income Asian nations have per
capita emissions below 0.25 tonnes, including Cambodia (with less than 0.1
tonnes), Nepal, Myanmar, Lao PDR and Bangladesh; many more have between
0.25 and 0.5 tonnes. These nations’ per capita figures are also far below the world
average targets sought for 2030 or 2050 to slow and then stop the increase in
carbon dioxide concentrations in the atmosphere.

The differentials between high-income nations and low- and middle-income
nations would be even larger if each nation’s historic contribution to carbon
dioxide in the atmosphere was considered. For the other greenhouse gas emissions,
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Figure 16.1 Comparisons between nations and groups of nations for carbon
dioxide emissions per capita (metric tonnes) in 2004

Note : The statistics in Figure 16.1 are for carbon dioxide emissions stemming from the burning of
fossil fuels and the manufacture of cement. They include carbon dioxide produced during the
consumption of solid, liquid and gas fuels and gas flaring. Carbon dioxide emissions from these
sources represented only 57 per cent of global anthropogenic greenhouse gas emissions in 2004.a
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including carbon dioxide emissions from deforestation and land-use changes, and
other important greenhouse gas emissions, including methane, nitrous oxide and
fluorocarbons, the picture is less clear because country data on these are less certain
and less complete. It is also complicated by the contributions of land-use changes
and forestry, which can be large contributors to total aggregate emissions or large
greenhouse gas sinks (and therefore reduce a country’s aggregate emissions). Data
for 1994 for low- and middle-income nations suggest that many low-income
nations in Africa and some in Asia and Latin America were removing more
greenhouse gases than they were emitting.18

The second aspect of unfairness concerns people – it is the high-consumption
lifestyles of the wealthy (and the production systems that meet their consumption
demands, wherever these are located) that drive climate change;19 it is mostly low-
income groups in low- and middle-income nations, with negligible contributions
to climate change, who are most at risk from its impacts.

The third aspect of unfairness relates to who has the capacity to move from
urban centres or urban sites at risk. Larger companies and corporations can easily
adjust to new patterns of risk induced by climate change, and move their offices
and production facilities away from cities or other urban sites at risk. Wealthier
households can also move. But cities cannot move. And all cities have within
them the homes, cultural and financial assets and livelihoods of their inhabitants,
much of which cannot be moved. Climate change is likely to threaten the very
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The most important omissions are carbon dioxide emissions from forestry (mostly deforestation
and land-use changes associated with it) and methane and nitrous oxide (mostly arising from
agriculture). It would be more useful to be able to compare nations in terms of total anthropogenic
emissions for all greenhouse gas emissions (including methane, nitrous oxide and fluorocarbons);
but there is no up to date data on this for most low- and middle-income nations. There is also the
complication that land use, land-use changes and forestry are major contributors to total
anthropogenic greenhouse gas emissions in some nations (e.g. in Indonesia and Brazil), but act to
remove carbon dioxide emissions in many nations to the point where, when these are considered
within total emissions, they produce negative figures for many low-income nations.b

a Rogner, H.-H., Zhou, D., Bradley, R., Crabbé, P., Edenhofer, O., Hare, B., Kuijpers, L. and
Yamaguchi, M. (2007) ‘Introduction’, in Metz, B., Davidson, O. R., Bosch, P. R., Dave, R. and
Meyer, L. A. (ed) Climate Change 2007: Mitigation, Contribution of Working Group III to the
Fourth Assessment Report of the Intergovernmental Panel on Climate Change, Cambridge
University Press, Cambridge.

b See UNFCCC (2008) National Greenhouse Gas Inventory Data for the Period 1990–2005; also
‘Note by the Secretariat’, United Nations Framework Convention on Climate Change,
FCCC/SBI.2007/30, 28pp; UNFCCC (2005) Sixth Compilation and Synthesis of Initial National
Communications from Parties not Included in Annex I to the Convention; and ‘Note by the
Secretariat’, United Nations Framework Convention on Climate Change, FCCC/SBI/2005/18/
Add.2, 20pp.

Source : World Bank, World Development Indicators On-line, accessed 1 November 2008
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viability of some major cities – including cities with very low greenhouse gas
emission levels.

The statistics in Figure 16.1 actually understate the scale of these
differentials. Greenhouse gas emissions in high-income nations are kept down
by the fact that many of the energy-intensive goods used or consumed by their
citizens and businesses are imported. If greenhouse gas emissions were allocated
to the consumer whose demand for goods or services was the root cause of the
emissions, the differentials between high-income nations and low-income
nations in average per capita emissions would be even higher.20 As Walker and
King note:

… many of the countries in the Western world have dodged their own
carbon dioxide emissions by exporting their manufacturing to …
China. Next time you buy something with ‘Made in China’ stamped
on it, ask yourself who was responsible for the emissions that created
it.21

In addition, comparing ‘averages’ for nations obscures just how much wealthy
groups drive the problem. The differentials in greenhouse gas emissions per
person between rich and poor groups can be much larger than the differentials
between rich and poor nations. For instance, the greenhouse gas emissions
generated as a result of the high-consumption lifestyle of a very wealthy person
are likely to be hundreds of thousands of times more than that generated by many
low-income households in low-income nations. For a proportion of low-income
households in urban areas in low-income nations, their contribution to
greenhouse gas emissions may be negative since their consumption levels,
including fossil fuel use, are so low, and these are more than compensated for by
their work recovering materials from waste and returning these into production.

The very survival of some small-island and some low-income nations (or
their main cities) is in doubt as much of their land area is at risk from sea-level
rise and storms; yet their contributions to global greenhouse emissions have been
very small. Hundreds of millions of rural and urban dwellers who contribute very
little to greenhouse gas emissions are likely to face very serious constraints on
freshwater availability for their livelihoods and their domestic consumption – for
instance, as rainfall patterns change, as freshwater sources close to coasts become
salinated or as glaciers recede.22 There are also tens of millions of people in low-
and middle-income nations whose homes and livelihoods are at risk from sea-
level rise and storms, although they have made very little contribution to global
warming. The economic cost of losing certain cities for which adaptation costs
are considered ‘too high’ may be relatively small for many national economies.
But what will happen to international relations as increasing numbers of people
lose their homes, assets, livelihoods and cultural heritages to climate change-
related impacts – especially when the main causes of this are strongly associated
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with the lifestyles of high-income groups in high-income nations, and the reason
for their loss is the failure of high-income nations to cut back their emissions?
Would the US government have opposed the Kyoto Protocol’s modest targets for
emissions reductions if Washington DC, New York and Los Angeles faced risks
comparable to those facing Dhaka, Mumbai, Lagos, Bangkok and Male – as a
result of greenhouse gas emissions that the US had not generated?

Although this volume has focused on adaptation (except for Chapter 14,
which looks at both adaptation and mitigation), the priority for the urban
populations most at risk from the floods, storms, heat waves, water supply
constraints and other impacts that climate change is likely to bring is actually
mitigation – an avoidance of these impacts and, thus, of the need to adapt. This
means governments in high-income nations must focus on the reductions in
greenhouse gas emissions needed within their borders and on measures that
reduce the greenhouse gas emission implications of their citizens’ consumption
patterns, which underpin emissions beyond their borders. Almost all adaptation
implies costs and these are likely to rise rapidly without effective mitigation – as
will the numbers of homes, livelihoods, settlements, cities and, ultimately, lives
that adaptation is unable to protect.

In discussions on climate change during the 1990s, the priority given to
mitigation and the lack of attention to adaptation was justified by the hope that
mitigation would mean that dangerous impacts would be avoided. But the very
limited progress on getting the necessary global agreements to reduce greenhouse
gas emissions over the last two decades suggests that even under the most
optimistic assumptions there will be a considerable time lag between what is
needed and what is achieved. There is also the time lag between when emissions
are reduced and climate change impacts are reduced. This necessitates planning
for adaptation now in order to limit the damaging consequences of climate
change that international agreements fail to prevent. The longer it takes for the
necessary global agreements to be reached and implemented, the greater the
necessity to adapt. Well-planned, well-governed towns and cities are an important
part both of mitigation and of adaptation. What this volume has sought to do is
bring together chapters that suggest what form this action on adaptation should
take.

Thus, adaptation plans must not slow progress towards mitigation. It would
also be hypocritical of governments in high-income nations solely to contribute
funding to adaptation costs in low- and middle-income nations instead of
drastically reducing emissions – although perhaps this is also unavoidable given
the political difficulties that they will face in getting the needed reductions in
greenhouse gas emissions within their boundaries. It is also obvious that measures
for mitigation must avoid disadvantaging the hundreds of millions of urban
dwellers currently living in very poor-quality housing, in tenements, cheap
boarding houses and illegal or informal settlements. These people include a large
proportion of the population whose homes and livelihoods are most at risk from
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climate change. A technology-driven, market-led response to climate change does
little for them. As Aromar Revi notes in Chapter 14:

A great risk in market-driven adaptation policy is the possibility of a
slew of anti-poor interventions leading to a vicious cycle of
displacement resettlement and increasing vulnerability in many cities.
A number of successful programmes have demonstrated that the cost of
in situ risk mitigation is often a fraction that of relocation, typically less
than 10 per cent of the capital cost of new development.

Thus, the key issue is how to build resilience to the many impacts of climate
change in tens of thousands of urban centres in low- and middle-income nations.
Such measures should:

• support and work with risk reduction from other environmental hazards,
including disasters (noting the strong complementarities between reducing
risk from climate change, non-climate change-related disasters and most
other environmental hazards);

• be strongly pro-poor (most of those most at risk from climate change and
from other environmental hazards have low incomes and very limited
financial assets, which limits their autonomous adaptive capacity);

• build on the knowledge acquired of reducing risk from disasters in urban
areas;

• be based on and build a strong local knowledge base of climate variabilities
and of the likely local impacts from climate change scenarios;

• address current risks and build for future risks: encourage and support actions
that reduce risks (and vulnerabilities) now, while recognizing the importance
of measures taken now to begin the long-term changes needed in urban form
and the spatial distribution of urban populations to reduce vulnerability to
risks that may become manifest only several decades in the future;

• recognize that the core of the above lies in building the competence, capacity
and accountability of city and sub-city levels of government and in changing
their relationship with those living in informal settlements and working in
the informal economy – and the importance within this of supporting civil
society groups, especially representative organizations of the urban poor (this
is also to avoid the danger of ‘adaptation’ providing opportunities for
powerful groups to evict low-income residents from land that they want to
develop);

• recognize that government policies must encourage and support the
contributions to adaptation of individuals, households, community
organizations and enterprises;

• recognize the key complementary roles required by higher levels of
government and international agencies to support this (and that this requires

372 Moving Forward

Chapter 16.qxd  4/30/2009  4:20 PM  Page 372



 

major changes in policy for most international agencies that have long
ignored urban issues and major changes in how adaptation is funded);

• build resilience and adaptive capacity in rural areas – not only because of the
very serious climate change-related risks for rural populations and economies,
but also because of the dependence of urban centres upon rural production
and ecological services, and the importance for many urban economies and
enterprises of rural demand for (producer and consumer) goods and services;
and

• build into the above a mitigation framework (if successful cities in low- and
middle-income nations develop without this, global greenhouse gas emissions
cannot be reduced).

Key areas for action for international funders

International aid agencies and development banks need to look for ways in which
they can provide long-term support to the governments of cities or smaller urban
centres that are at risk from climate change impacts in order to support locally
determined, pro-poor actions. In effect, they should show what is possible, learn
how best to support the necessary local processes and then increase capacity to
support many more such initiatives. This also applies to any new funds or
funding agencies set up to support adaptation.

There are at least five institutional challenges to international funders in
doing so.23 The first is in knowing what and whom to support in order to get the
necessary action on the ground. Official development assistance agencies are only
as effective as the local organizations that they fund since their staff do not
themselves implement initiatives. Most of their staff also have a limited
knowledge of the complex local political economies into which their funding is
inserted, and this often includes powerful interests that oppose key adaptation
measures – for instance, opposing support for infrastructure and service provision
in informal settlements. There may be a mismatch between what needs funding
and what the international agencies are allowed to fund – for example, controls
on funding civil society groups or opposition by national governments to funding
local governments. The local governments that international agencies have to
work with may also have many limitations (e.g. in technical and financial
capacity), and key local government staff or politicians may themselves oppose
what is proposed. In any intended partnership between local government and
local civil society groups, there are likely to be conflicts over who controls
decisions and resources. This does not mean that locally driven pro-poor
adaptation is impossible; but it does highlight constraints that development
assistance agencies often ignore.

The second challenge is the difficulties that international funding agencies
face in keeping external funding to a minimum, with external funding building
local capacity and local resource mobilization. This is problematic for official
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development assistance agencies who rely on high-cost projects or large
contributions to non-project (e.g. sector or programme) support to help keep
down the proportion of their funding that goes to staff costs – all aid agencies and
development banks are under pressure to do this. Obviously, the staff time
needed to manage one US$200 million project is much less than that needed to
manage 40 US$5 million initiatives, which, in turn, is far less than that needed
to manage 4000 US$50,000 initiatives. But actually, US$50,000 available to
representative community-based organizations can often achieve far more per
dollar than much larger initiatives.24 Bilateral aid agencies often have difficulty
spending the money that they have been allocated so, again, high-cost initiatives
are preferred. Multilateral development banks need to lend large sums to be able
to cover their own overheads, including staff costs. The shift within development
assistance agencies from project support to programme and sector support
(including budget support) was, in large part, driven by this because it meant
large loans or large grants with much lower staff costs per dollar provided. Arif
Hasan has documented how, in Pakistan, initiatives funded by aid agencies and
development banks often cost far more than initiatives that do not draw on
external funding.25 So, it is difficult for official development assistance agencies
to address what might be considered good development practice – to support
local initiatives that minimize reliance on external funding. There are also other
associated difficulties, such as the timing of funding availability, which should be
flexible in order to accommodate local possibilities and constraints; but external
funders often have inflexible time frames. There are comparable problems for
many disaster relief agencies, which are under pressure to spend the funding
raised and get out – when longer-term, less expensive, far more participatory
forms of support, working with those who were affected to rebuild their homes
and livelihoods, would be more effective.

The third institutional challenge is how to provide the external support
needed for a long-term partnership within any urban centre that engages and
works with the groups most at risk, their own organizations and other civil
society groups, as well as local governments. The staffing implications of
supporting long-term, locally driven (often relatively low-cost) processes that
maximize local resource mobilization and that work with the groups most at risk
implies more international agency staff with the knowledge and capacity to work
on the ground, to speak local languages and to support locally developed
solutions. But this is difficult for the reasons noted above. In addition, if this
succeeds in supporting effective local partnerships in which the groups most at
risk are fully engaged, this will need new lines of accountability and transparency
to these groups with regard to what funding is available and how it is used.
Despite much talk about accountability, aid agencies and development banks
have very little accountability to low-income groups concerning decisions on
what is funded and how, even though the very basis for their operation is justified
by these people’s ‘poverty’.
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The fourth challenge is overcoming the likely reluctance of national
governments for such support. No national government wants external funding
agencies that make choices about which urban centres receive support within
their national territory; indeed, political parties different than the national
government may govern the more innovative urban governments with whom the
external agency wants to work. External funding for civil society groups, perhaps
most especially representative organizations of the urban poor groups, will always
raise political complications.

The fifth challenge is the difficulty in getting the adaptation funding
allocated to those cities or smaller urban centres that have been chosen because
of the possibilities there of effective pro-poor partnerships. Obviously, it would
make sense for an international funding agency to begin support for adaptation
by choosing cities or smaller urban centres where local governments are
committed to working with urban poor groups and are also supporting
household and community-based adaptation. But these urban centres may be
outside the ‘focus countries’ that the agency has chosen to concentrate on, or
opposed by agency staff who manage the country programme because they have
no expertise in urban development (or because they oppose urban development).

Much of the above might be seen as minor administrative issues that can be
overcome if the funding is available; but many of the issues noted above have long
limited the effectiveness of aid agencies and development banks in poverty
reduction. They all actually imply changes in the way in which aid agencies and
development banks operate and there is little evidence that they are being
addressed. The above issues were hardly mentioned or not mentioned at all in the
2008 Accra Agenda for Action, endorsed by ‘ministers of developing and donor
countries responsible for promoting development, and heads of multilateral and
bilateral development institutions’.26 Incidentally, this document also fails to
mention climate change impacts and the need for adaptation (climate change is
just noted as a new global challenge).

The five institutional challenges also require changes in the understanding of
the governments that supervise bilateral aid agencies and multilateral
development banks of what makes for effective development assistance. For
instance, none of the above can be achieved if the ‘efficiency’ of aid agencies and
development banks is measured by how low staff costs are in relation to total
funding. It may be that external funding agencies cannot address the issues above,
so they will need to find intermediary institutions in the countries and urban
centres where they want to work, through whom the funding and local support
can be provided. For instance, many of the urban poor federations whose work
was noted above have set up their own Urban Poor Funds to manage their savings
and provide external funders with the accounting they require to ensure that their
funding is well used. There are also many local NGOs working with low-income
groups that have sought to set new standards of accountability for these groups,
and allow them a central role in designing and implementing responses27 – and
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also sought to support partnerships between these groups and local governments.
But they often have difficulty obtaining external funding to support this. At the
risk of stating the obvious, reducing vulnerability to climate change/climate
variability (and, more generally, reducing poverty) requires local social and
political changes that are not easily affected by external funding. Indeed, external
funding may, in some circumstances, work against such changes.

It is also difficult to see the support needed for adaptation having to restrict
itself to ‘climate change’; what is needed is support for identifying and addressing
all environmental health risks (including everyday, small disaster and large
disaster risks) in ways that address the risks and vulnerabilities of low-income
groups and high-risk groups and that include increased resilience to the likely
impacts of climate change. So it is support for what many authors in this volume
highlight as ‘local development + adaptation’.

To complement the above, there is a need to build awareness and capacity in
all city and municipal authorities, working with and through the international
and national organizations and networks that work in this area. One important
area for this would be the careful documentation of particular experiences with
locally driven adaptation by local governments and by community-based
organizations that demonstrate what is possible and that provide methodologies
and precedents that other city or municipal governments can learn from. Chapter 11
provides a good first example of this for local governments.

International funding also needs to be available to support the engagement of
low-income groups in addressing their vulnerabilities through community-based
adaptation, but with a recognition of its limitations, as discussed earlier in this
chapter. Support for community-based adaptation should also encourage
possibilities for these ‘communities’ to develop better relations with local
governments, including partnerships with them to address issues such as security of
tenure for the land they live on and provision for infrastructure and services. In
many urban centres, a high proportion of the people most at risk live in settlements
on illegally occupied or subdivided land – and community-based adaptation
depends upon them developing good relations with local governments. Again, it is
difficult to separate out ‘community-based adaptation to climate change’ from
adaptation to other environmental health risks. It would be odd, indeed, if there
were a large increase in global funding available to urban poor communities to
adapt to climate change, but not to adapt to risks of (say) earthquakes or tsunamis
or monsoon rains that have long been causing floods. But the funding available for
adaptation through the United Nations Framework Convention on Climate
Change (UNFCCC) is explicitly targeted at climate change adaptation.

Many international funders are unable or unwilling to have working
relationships with grassroots organizations and many national and local
governments would oppose such working relationships. However, there are
precedents on which to draw, as is the case with international funders who
support national federations of slum and shack dwellers to address their housing,
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infrastructure and services needs (much of which is reducing risk from many
climate change impacts) and to develop partnerships with local governments. As
noted above, many of these federations have also developed their own Urban
Poor Funds, through which external funding can be channelled.28

There is an obvious need to engage urban development specialists and
disaster avoidance/preparedness specialists within NGOs, research groups,
governments and international agencies in local development + adaptation. As
noted in many chapters in this volume, not only has adaptation not received the
attention it deserves; but within discussions of adaptation, too little attention has
been given to urban adaptation. And within this, not much attention has been
given to the political and institutional inadequacies within the very systems of
government (and of the professionals, civil servants and politicians engaged in
government) that are central to adaptation. This issue has particular importance
for the future work of the Intergovernmental Panel on Climate Change, as it has
produced the scientific basis to justify action on adaptation and must now help
advance understanding on how to get appropriate action.

With regard to mitigation, obviously the form that urban expansion takes in
terms of new buildings, new infrastructure and spatial layout has large
implications for present and future energy use (including the use of fossil fuels)
and, thus, for greenhouse gas emissions. While the key issue here is the
demonstration by high-income nations of ways to delink high living standards
from high greenhouse gas emissions, obviously there is a need for expanding
urban centres in low- and middle-income nations to avoid buildings,
infrastructure and spatial forms that imply high greenhouse gas emissions. As
noted in Chapter 1, most of the world’s population growth is now taking place
in urban centres in low- and middle-income nations. Without distracting
attention from the priority to local development + adaptation, this can be done
with a ‘mitigation lens’, with knowledge of how to incorporate measures that
contribute to lower greenhouse gas emissions. More generally, there is a need to
identify constructive ways to engage cities – both urban authorities and local civil
society organizations – in a variety of international activities that simultaneously
address the concerns of mitigation, adaptation and adaptation financing. Table 16.1
compares and contrasts the characteristics of mitigation and adaptation. It
highlights the point stressed already – that successful adaptation depends upon
good local knowledge and local capacity.

Key areas for research29

Much of the necessary research agenda is to support the actions noted above. One
important area is the means through which to build the information basis for
action within any urban centre. This requires support for vulnerability mapping
of environmental risks at a neighbourhood and city scale that utilizes local
knowledge and awareness and fully involves the residents who are facing risks.
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 These will have to cover the full range of risks as a basis for considering what
additional and heightened risks that climate change is likely to bring. This needs
to include careful, detailed local assessments of deaths, injuries and property
losses from ‘disasters’ that drill down as far as possible to include ‘very small’
disasters and contribute to the risk vulnerability map for urban areas and their
surrounds. This should contribute to a more nuanced understanding of patterns
of vulnerability: geographically and socially specific (including a better
understanding of how vulnerabilities vary by income group, age and gender).
There are precedents that show how this can be done, which have been noted in
earlier chapters – the city and national assessments of ‘small disasters’ using the
DesInventar methodologies and the detailed household surveys and community
mapping done by slum/shack dweller federations in informal settlements (often
in settlements for which there are no official data).
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Table 16.1 Characteristics of mitigation and adaptation

Mitigation Adaptation

Benefited systems All systems Selected systems
Scale of efforts Global Local to regional
Lifetime Centuries Years to centuries
Lead time Decades Immediate to decades
Effectiveness Certain in terms of Generally less certain

emission reduction; less (especially where local
certain in terms of knowledge of likely
damage reduction climate-related changes

is weak)
Ancillary benefits Sometimes Mostly
Polluter pays Typically yes Not necessarily
Payer benefits Only a little Almost fully
Administrative (Mainly) national (Mainly) local 
scale/implementing governments/international managers/authorities, 
bodies negotiations households (aanndd

ccoommmmuunniittyy  oorrggaanniizzaattiioonnss)
Sectors involved Primarily energy and Potentially all

transport in high-income
nations, forestry and energy
in low-/middle-income nations

Monitoring Relatively easy More difficult (especially 
where this involves
adaptation that stops
damaging events happening)

Source : Bosello, F., Kuik, O., Tol, R. and Watiss, P. (2007) Costs of Adaptation to Climate Change:
A Review of Assessment Studies with a Focus on Methodologies Used, Ecologic, Berlin, 112pp
[emphasis added by the authors of this chapter]
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There will be substantial variations in the quantity and quality of official data
that can be brought into vulnerability assessments; in some nations, there are
good census data available down to the ‘street’ level, whereas in others, no such
data are available (in some nations no recent censuses have been taken). In some
nations, useful data can be brought in from other official agencies – for instance,
records kept by emergency response agencies. Thus, one important area for
research is to develop the tools and methods that support locally driven risk and
vulnerability mapping (and the engagement of those at risk with this) in different
contexts – including those where there is good official data from different
government agencies to draw on and combine, and where there is not.
Geographic information systems offer some scope for merging different data
sources so that local assessments can be layered over citywide assessments of
vulnerability, capacity and hazard. This is useful for ground-truthing citywide
assessments, which, in rapidly expanding cities, are difficult and costly to keep
updated. A potential alternative and more process-oriented approach is to build
local assessments into deliberative planning mechanisms such as community
forums; here, the focus is as much on building democratic structures in local
governance as it is about direct outcomes for risk reduction.

There is also the issue of the means by which the collection and combining
of relevant data generates the basis for its incorporation within municipal
planning, management and budgeting. In the previous discussion on action
(point 6), the need for careful documentation of particular experiences with
locally driven adaptation by local governments and by community-based
organizations that demonstrate what is possible and that provide methodologies
and precedents which other city or municipal governments can draw on was
noted – and this has obvious research components.

There is also a need for risk assessments for climate change that are locally
relevant. Politicians and civil servants within city governments are not going to
give much attention (let alone funding) to risks and vulnerabilities identified at
national or supra-national level (see, in particular, Chapters 11 and 14). They
want evidence of vulnerability and risk within their city or within particular city
districts. Thus, there is a need to make climate change modelling work better at
a smaller geographic scale, and allow its combination with local contexts that
have such a strong influence on how climate change will affect local populations,
economies and ecosystems.

Building on the above, there is a need to develop precedents, tools and
methods to support a far more location-specific, context-specific understanding
of what adaptation requires. For extreme events, this needs to identify how to
reduce the two components of risk – reducing hazards and reducing vulnerability –
both in terms of protection (so the extreme event does not produce a disaster) and
in terms of the three critical aspects of reducing the impact of disasters through
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pre-disaster damage limitation, immediate post-disaster response and rebuilding.
Here, there is also a need to build on local knowledge and capacities, including
those of individuals, households and community organizations.30

From the above, a research agenda should:

• Develop the tools and methods that encourage and support local
governments and local research groups/NGOs to begin considering what
adaptation is needed or will be needed, and possible complementarities
between adaptation and local development.

• Consider what forms of financial and institutional support from higher levels
of government and from international agencies would support the above.
This includes avoiding the common tendency for many international
agencies to fund preparatory studies – for adaptation or disaster preparedness –
but with no capacity to fund the priority actions that these preparatory
studies identify. It is worth recalling the comment by Debra Roberts (Chapter 11)
about how external funding would be better spent capacitating people rather
than implementing often ad hoc climate change-related projects.

• Develop a much more location-specific, context-specific understanding of
what complementarities exist between adaptation and mitigation – and how
mitigation can be incorporated within the expansion of urban areas and of
their building stock, but without detracting from adaptation.

• Ensure that the identification of vulnerability and the preparation of
adaptation strategies involve a participatory framework. The urgency of
climate change may serve to justify many top-down approaches to research
and planning. But responses worked out with low-income groups and their
organizations that draw on local knowledge and activities are much more
likely to serve the needs of the people whom they are meant to assist and,
generally, have lower monetary costs.

Perhaps many readers will be surprised by the lack of attention in this concluding
chapter to discussing the international frameworks and international funds to
support adaptation and mitigation (drawing on Chapter 15). What we maintain
is that unless there is a clear understanding of what is needed to support action
within each urban centre that delivers local adaptation + development, which
addresses the needs and priorities of low-income groups and other groups at high
risk and which makes maximum use of local knowledge, resources and capacities,
these international frameworks and funds will not be effective. It would be sad,
indeed, if the international funding architecture for climate change reproduced
the inadequacies of so much funding for development – the inability to structure
the funding and other aspects of support to serve these kinds of context-specific,
pro-poor local processes.
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Delhi, India 167, 319
desalination 282
DesInventar methodology 29
development

adaptation 277, 292, 302, 345, 364
agenda 253
effective assistance 375
planning 286
poverty reduction 6
pro-poor agenda 349

Dhaka, Bangladesh 93–109
climate change 95–101
commerce 102–103
health issues 104–105
history 93–94
industry 102
infrastructure 101–102
livelihoods 105
response measures 105–108

sea-level rise 23
utility services 94, 103–104
waterlogging 103
water supply 104

diarrhoeal disease 164–165, 180–181
disaster databases 22, 29, 41
disaster management 137, 314, 331–332
disaster preparedness 4, 24, 89, 239, 244
disasters 21–22
data 22, 28–29, 41, 227
definition 22, 29, 227
development failures 30

information 225
responses 30
rise in 130
small 29–30, 227
specialists 16
unregistered 29
warnings 233, 286
water resources 301, 304–305
see also extreme weather events

diseases
Cotonou 118

Dhaka 104
diarrhoeal 164–165, 180–181

health burdens 7
urban poor 164–165
vector-borne 165, 182
water supply 160

displaced people 185, 236
drainage

Africa 201–202, 210–211
Dhaka 97, 107–108

floods 53
India 164
Mumbai 135–136, 164

drinking water see water supplies
drought

children 181
India 318–320
migration 139, 202
Mombasa 84
Rio de Janeiro 145
South Africa 278

Durban, South Africa 40, 253–255, 257,
260–268

early warnings, disasters 233, 286
economic development, Gulf of Mexico 18
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economic expansion, urbanization 16
economic incentives, urban development 54
economic performance, urbanization 17
Ecuador 230, 242
Egypt 70
electricity

Dhaka 96–97, 108–109
Durban 264
hydropower 293, 299–300

El Niño 141
El Salvador 233, 239
embankments 106–107, 109
emergency committees 241
emergency housing 185
emergency response 244
emigration 17
energy 89, 257, 304, 333
energy efficiency, buildings 256
environmental consequences, coastal

settlement 53
environmental hazards, urban government 7
environmental management 253,

255–258
Environmental Management Department

267–268
environmental problems 94, 201, 226
environmental risk management 217
erosion, coastal 114, 116–117
eThekwini Municipality 253, 255–269
Ethiopia 204
everyday hazards 185
evictions, urban dwellers 8
extreme weather events 360–361

children 175, 177, 180, 184–185
data 227
devastation 21
Durban 268
GDP 21
India 319–320
Latin America 225
projections 203
risk reduction 24–25
uncertainty 233
urban areas 21–23
urban poor 176
vulnerability 19
water management 296
see also disasters

failed cities 301
families 186, 188

see also households
favelas (shanty towns) see informal

settlements
fires 283–284
fishing 113, 120, 124
fish populations 53
flash floods 202, 216–217
floodplains 205
floods

adaptation 212–214, 216–218
Africa 201–220
Asia 53
Bangladesh 181
Buenos Aires 230, 237–238
causes, perceptions of 208–212
China 149–151
coastal 53, 206
communities 218
Dhaka 94, 97–99, 101, 109
drainage 53
East Africa 204
Ethiopia 204

flash floods 202, 216–217
Ghana 204, 207–209, 212, 214–215
health issues 164–165
India 319–320, 331
Kenya 84, 86, 204, 208, 211–212, 214,

216
Latin America 227
local government 218–219
localized 205
Mombasa 81, 84
Mozambique 204, 208, 211, 213, 215
Mumbai 129–130, 135–136, 164, 320
Nigeria 204, 208, 210–211, 213, 215
protection measures 39, 106–107, 109
Rio de Janeiro 146
rivers 205–206
Rwanda 204
Santa Fe 229–230, 232, 235, 237
sea-level rise 52
Shanghai 149–150
solutions, perceptions of 214–216
South Africa 282
streams 205
Tanzania 204
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Uganda 207–210, 213, 215
urban areas 201–202, 204–206
urban poor 53, 201–220
Venezuela 231
water contamination 165
wet season 206

food security 265
fossil fuels 95
freshwater see water supplies
funding, adaptation 339–354, 373–377

GDP (gross domestic product), world 16
GEF (Global Environment Facility)

340–342
Ghana 204, 207–209, 212, 214–215
glacier melt 161, 164, 318
glacier shrinkage 236–237
Global Environment Facility (GEF)

340–342
Global Rural–Urban Mapping Project

(GRUMP) 56
government

adaptation capacity 24
Bangladesh 94–95
incapacity 225
Kenya 85–86
Latin America 243
national 27, 39–40
public good 35–41
roles and responsibilities 34–42
urban development 71
weaknesses 15
see also local government; urban

government
greenhouse gases

activities causing 77, 95
adaptation costs 339
Bangladesh 95, 97, 108
carbon dioxide 296, 367
cities 159
emissions inventory 256

global agreements 371
high-income countries 77, 367–370
Latin America 244

grey water 282
gross domestic product (GDP), world 16
groundwater 149, 164
groynes 123

GRUMP (Global Rural–Urban Mapping
Project) 56

Gujarat, India 320–321, 323
Gulf of Mexico 18
Guyana 70

hazards 23, 36, 185
hazards (climate change)

adaptation capacity 20
coping capacity 20
Latin America 229–232
Mumbai 138–140
protection systems 329–330
Rio de Janeiro 145–147
scale and nature of 20
Shanghai 150–151

health see human health
heat islands 35, 97, 159, 203
heat stress, children 182–183
heat waves 165–167
high-income countries 72, 77, 367–370
high-risk areas, cities 15, 25–27
Honduras 231, 240
households 34, 186

see also families
housing see buildings
human health

adaptation 168–169
Asian cities 159–169
children 177–182, 188
Cotonou 118, 120, 124
Dhaka 104–105
Durban 261–262
floods 164–165
India 322
informal settlements 167
mental health 186
public awareness 168
urban poor 164–165, 167
water supply 160–161, 164
see also diseases

humidity 79
hurricanes 21, 129, 231, 238
hydrological cycle 298
hydrological data 303–304
hydropower 293, 299–300
Hyogo Declaration (conference on disaster

reduction, 2005) 219
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IATAL (International Air Travel Adaptation
Levy) 343–344

ICLEI (International Council for Local
Environmental Initiatives) – Local
Governments for Sustainability
256–257

IDP (integrated development plan) 265
IGAD (Intergovernmental Authority on

Development) Climate Prediction and
Applications Centre 86

illegal occupation, canal banks 107
illegal settlements see informal settlements
Imagine Durban 266
IMERS (International Maritime Emissions

Reduction Scheme) 343
immigration 17
impermeable surfaces, urban 35
incomes 59–61, 227, 312
independence 16
India

adaptation agenda 311–333
adaptation framework 325–331
air pollution 167
climate change 314, 316–322
development transition 313
floods 319–320, 331
heat waves 166
Mumbai 134–140
RUrbanism 312–313
sea-level rise 321–322

Indian Ocean 320
Indian Ocean tsunami (2004) 7, 55, 81,

314
Indonesia 52
industrialization 35
industry 84, 102, 116
infant mortality 7
informal coping capacity 140, 144–145,

150
informal settlements

Buenos Aires 230, 233–234
children 176
coastal areas 72
Dhaka 105
federations (slum) 138, 366–367
growth 6
health issues 167

India 324
Latin America 234

local government 352
Mombasa 79, 88
Mumbai 135–136
resilience building 372
Rio de Janeiro 141–143, 145, 229
surveys 366–367
upgrading 366
urban characteristics 34–35
vulnerability 361–362
see also urban poor

information see data
infrastructure

adaptation costs 339
Cotonou 116–118, 123–124
development 329
Dhaka 101–102
Durban 264

India 313
lack of provision 6–7
Latin America 232
maintenance 40
quality 40
relocation 123–124
resilience 291

injuries, children 183
institutional capacity 331–332
institutional incapacity 226
integrated development plan (IDP) 265
integrated river basin management 219
integrated water resources management

(IWRM) 302–303
Intergovernmental Authority on Development

(IGAD) Climate Prediction and
Applications Centre 86

Intergovernmental Panel on Climate
Change (IPCC), Fourth Assessment
30–34, 77, 79, 160

International Air Travel Adaptation Levy
(IATAL) 343–344

International Council for Local
Environmental Initiatives see ICLEI

International Emissions Trading 
Scheme 344

International Maritime Emissions
Reduction Scheme (IMERS) 343

international trade 52
IPCC (Intergovernmental Panel on Climate

Change), Fourth Assessment 30–34,
77, 79, 160
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IWRM (integrated water resources
management) 302–303

Jawaharlal Nehru National Urban Renewal
Mission (JNNURM) 315, 326

Johannesburg, South Africa 297–298

Kampala, Uganda 207–210, 213, 215
Katrina (hurricane) 129
Kenya

adaptation 85–87
coastal zone management 86
floods 84, 86, 204, 208, 211–212, 214,

216
Mombasa 78–90
Nairobi 208, 211–212, 214, 216
tourism 78

Kenya Meteorological Department (KMD)
85–86

Kyoto Protocol 2002: 332, 341
Kyoto Protocol Adaptation Fund (AF)

341–343

Lagos, Nigeria 208, 210–211, 213, 215
land markets 34
landslides 204
land-use management 34
land-use planning 8
land value 8
Latin America 225–245

adaptation 228–229
climate forecasts 41
risk management programmes 238–241
vulnerability 228–238

law and order 36
learning, children 183–184
least developed countries (LDCs) 60
Least Developed Countries Fund (LDCF)

340–341
LECZs see low-elevation coastal zones
legal housing 8
Lesotho 297
levies, non-emissions-trading activities

343–344
light, night-time 56
limits to adaptation 10
livelihoods 105
local government

adaptation 271, 273–277, 351, 362

floods 218–219
informal settlements 352
role of 363–365
South Africa 253
see also government; urban government

localized flooding 205
London, UK 11, 14, 265
low-elevation coastal zones (LECZs)

51–72
Asia 321
cities 65–67, 70–71
country rankings 61–65
definition 55
mitigation 51
population 55–56, 61–64
settlement 52–56, 58–68

low-income groups 7–8
low-income nations 301–302, 367

mainstreaming debate 259–268, 303, 333,
347–350

maladaptation 8, 10
malaria 165, 182, 322
malnutrition 181–182
Mancomunidad de los Municipios del

Centro de Atlántida (MAMUCA)
240–241

Manizales, Colombia 240
MAP (Municipal Adaptation Plan) 261,

274–275
Maputo, Mozambique 208, 211, 213, 215
market mechanisms 38
MCPP (Municipal Climate Protection

Programme) 259–266
MDGs (Millennium Development Goals)

6, 299
MDTF (Multi-Donor Trust Fund)

350–351
media 225, 361
megacities 129
mega-urban regions 312, 319
mental health problems 186
Mexico 235–236, 242
migration 17

drought 139, 202
Mombasa 84

rural–urban 18, 300, 313
urban 16, 18, 300
see also coastward movement
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Millennium Development Goals (MDGs)
6, 299

million cities 14
Ministry of Environment and Forests 326
Mississippi, US 129
Mitch (hurricane) 21, 231, 238
mitigation

and adaptation 9, 292, 371
climate change policy 130, 152
climate proofing 31
definition 9
energy 304
Latin America 244
lead times 52
LECZs 51

Mombasa 87
urban expansion 377

modern cities, visions of 7–8
Mombasa, Kenya 78–90

adaptation 85–90
climate change impacts 80–85
sea-level rise 23, 78–79, 84
vulnerability 78–79
water supply 84

monsoon season 99, 135
Moreno, Argentina 241–242
mortality, children 177, 180
mosquito-borne diseases see vector-borne

diseases
mothers see women
movements, people’s 35, 315
see also migration
Mozambique 204, 208, 211, 213, 215
Multi-Donor Trust Fund (MDTF) 350–351
multi-hazard response plans 137
multilateral funds 345–347
Mumbai, India 134–140

built environment 135–137
disaster management 332
floods 129–130, 135–136, 164, 320
physical environment 133, 135
sea-level rise 23, 139
socio-economic conditions 137–138
vulnerability assessment 138–140

Municipal Adaptation Plan (MAP) 261,
274–275

Municipal Climate Protection Programme
(MCPP) 259–266

municipal level see local government

Nairobi, Kenya 208, 211–212, 214, 216
natech events 23
National Adaptation Programmes of Action

(NAPAs) 125, 168, 219, 271
national adaptation strategies 5
National Cyclone Risk Mitigation

Programme 330
National Disaster Management Authority

(NDMA) 326
national government 27, 39–40

see also government
national level, adaptation framework

325–327
National Slum Dwellers Federation (NSDF)

138
natural disasters 22
natural hazard risk assessment 314
NDMA (National Disaster Management

Authority) 326
neighbourhoods, adaptation framework

328
New Orleans, US 129
NGOs (non-governmental organizations)

108, 352, 366–367, 375
Nicaragua 239
Nigeria 204, 208, 210–211, 213, 215
night-time light 56
non-governmental organizations (NGOs)

108, 352, 366–367, 375
NSDF (National Slum Dwellers Federation)

138
nutrition 181–182, 188

OECD (Organisation for Economic 
Co-operation and Development) 60

official development assistance (ODA)
339, 345–350, 354

open space system plan 266
Orangi Pilot Project–Research and Training

Institute 365
Organisation for Economic Co-operation

and Development (OECD) 60
Orissa super-cyclone 320

Pakistan 365–366
Paris Declaration on Aid Effectiveness

(2005) 302
participatory vulnerability analysis (PVA)

206–207
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Peking see Beijing
people’s movements 35, 315

see also migration
Pergamino, Argentina 232
Peru 236–237
Pilot Programme on Climate Resilience

(PPCR) 346–347
planned adaptation 4, 10
planning 40, 265–266, 286
plastic bags see polythene bags
political independence 16
polluter pays principle 292, 298, 305, 347
pollution 108, 137, 167
polythene bags 107
poor see urban poor
population

Africa 206
Beijing 11
cities 11–15
climate hazards 130
Cotonou 111
Durban 253
India 312
Latin America 226
LECZs 55–56, 61–64
London 11, 14
megacities 129
Mumbai 134
Rio de Janeiro 140, 143–144
Shanghai 147, 149–150
urban 11
very large cities 16

population growth, urban 11
portfolio screening 347
post-disaster responses 20
poverty 6

see also children; informal settlements;
urban poor

poverty reduction 6, 364
PPCR (Pilot Programme on Climate

Resilience) 346–347
precipitation see rainfall
pre-disaster responses 19–20
private enterprises 26–27

see also companies
private investment 27
private sector 328
pro-poor strategies 349, 352, 372

Proyecto Regional de Reducción de Riesgos
en Capitales Andinas (RLA/51467)
239

public awareness, health issues 168
public good 35–41
public–private partnerships 38–39
PVA (participatory vulnerability analysis)

206–207

Quito, Ecuador 230, 242

rainfall
Africa 202–203
Dhaka 99–101
Durban 260
health issues 164
India 316–317, 319–320
Mumbai 135, 139

Rio de Janeiro 145
water management 296

rainwater tanks 281
Red Iberoamericana de Oficinas de Cambio

Climático (RIOCC) 242
refugees 235
regions, coastal settlement 58–59
regulation, urban government 36
relocation 330, 369
renewable energy 89
research 31, 377–380
resilience 11, 30, 38, 293–294, 372–373
respiratory illnesses 182
responsibilities, floods 218–219
RIOCC (Red Iberoamericana de Oficinas

de Cambio Climático) 242
Rio de Janeiro, Brazil 140–147

built environment 141–143, 229
floods 146
migrants 233–234
physical environment 133, 140–141
sea-level rise 146
socio-economic conditions 143–144
vulnerability assessment 145–147

risk 7, 10, 28–30, 186, 361–362
risk management programmes 238–241,

244
risk reduction 24–25, 30, 36, 265, 332

see also adaptation
river basins 219
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rivers 205–206, 318–319
rural areas 373
rural development, migration 18
rural–urban linkages 331
rural–urban migration 18, 300, 313
rural water shortages 300
RUrban transformation 312–313
Rwanda 204

saltwater intrusion 84, 120, 164, 322
sanitation 6–7, 103
Santa Fe, Argentina 229–230, 232, 235, 237
savings groups 236
SCCF (Special Climate Change Fund)

340–341
science, climate change 257, 259
sea-level rise

Africa 206
Bangladesh 321
causes 284
Cotonou 23, 113–120
Durban 263
environmental risks 160
global estimates 54, 79
India 321–322
LECZs 52
Mombasa 23, 78–79, 84
Mumbai 23, 139
projections 132–133
Rio de Janeiro 146

Shanghai 23, 150–151
very large cities 23

sea surface temperature 320
Shanghai, China 23, 133, 147–151
shanty towns see informal settlements
shipping 52–53, 343–344
SISs (small island states) 59, 61, 70
Sistema Nacional para la Prevención,

Mitigación y Atención de Desastres
(SNPMAD) 239

slum federations 138, 366–367
slums see informal settlements
small disasters 29–30, 227
small island states (SIS) 59, 61, 70
small urban settlements 217
SNPMAD (Sistema Nacional para la

Prevención, Mitigación y Atención de
Desastres) 239

solar energy 89
South Africa

Cape Town 271, 278–285
climate change 271
droughts 278
Durban 253–270
floods 282–283
Johannesburg 297–298

South America see Latin America
SPA (Strategic Priority ‘Piloting an

Operational Approach to Adaptation’)
340–341

spatial adaptation 330
Special Climate Change Fund (SCCF)

340–341
special economic zones, China 69
spontaneous adaptation see autonomous

adaptation
squatter settlements see informal settlements
Sri Lanka 27
stakeholders 243, 266, 274–275, 350
standards, housing 8
standards of living 17
state level, adaptation framework 327
Stern Review 301–302
storms 202–203, 320
storm surges 320–321
Strategic Climate Fund 346
Strategic Priority ‘Piloting an Operational

Approach to Adaptation’ (SPA)
340–341

streams 205
stress bundles (vulnerability) 132,

139–140, 146, 151–152
sub-Saharan Africa 292–293, 295, 299–300
Suriname 70
Sustainable Cities 266

Tanzania 204
technological disaster 22
Tegucigalpa, Honduras 231
temperatures

Durban 260
heat islands 159
heat waves 165–167
India 316–317
Mombasa 79
projected changes 132
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Rio de Janeiro 145
Shanghai 150
water management 296

thunderstorms 202–203
tourism 78, 116–117, 147
trade 52, 102–103
transport 96–97, 265
tsunami, Asian see Indian Ocean tsunami
Tsunami Rehabilitation Programme, 2005:

330–331
Tyndall Climate Change Research Centre

265

Uganda, Kampala 207–210, 213, 215
uncertainty

climate change 272, 316
extreme weather events 233
water management 297–298

unfairness 367, 369
United Nations Development Programme

(UNDP) 273
United Nations Framework Convention on

Climate Change (UNFCCC)
adaptation costs 302
Cotonou 123–124
funding 340–345, 347, 354
Kenya 85–86
mitigation 273
see also National Adaptation Programmes

of Action (NAPAs)
unplanned settlements see informal

settlements
urban, see also cities
urban centres, Latin America 226
urban change, drivers of 15–19
urban characteristics 34–35
urban children see children
urban contexts 34–35
urban development 54, 71, 325
urban footprint data set 56
urban government 7–8, 35, 269

see also government; local government
urban heat islands 35, 97, 159, 203
Urban Integrated Assessment Framework

265
urbanization

causes 15–16
China 68–69, 71

coastal areas 19, 58, 60, 71
economically successful 71
future 5
political independence 16
risks 7
scale of 11–15
South Asia 312
spatial nature 51

UN forecasts 95
see also cities

urban migration 16, 18, 300
urban poor

adaptation finance 351
Africa 201–220
buildings 364
civil society groups 372
evictions 8
extreme weather events 176
federations 138, 366–367
flooding 53, 201–220
health issues 164–165, 167
India 315, 324
Latin America 225–245
NAPAs 219
vulnerability (climate change) 34
water supply 161
see also children; informal settlements

urban population 11
urban renewal 315
urban settlements, small 217
urban vulnerability 17

vector-borne diseases 165, 182, 322
vegetation, water catchments 282
Venezuela 130, 230–231, 240
very large cities 11, 16, 23, 226
Viacha, Bolivia 231, 241
Vietnam 70
violence 185
voluntary pledges, funding 341
vulnerability 131–132, 151–152,

206–207
vulnerability (climate change) 19–21,

150–151
assessment 276
climate change 15, 344
Cotonou 113–114
definition 19, 276
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India 311, 323–325, 333
Latin America 228–238
low-income nations 301–302
Mombasa 78–79
Mumbai 138–140
reducing 30
Rio de Janeiro 145–147
Shanghai 150–151
urban poor 34

variation in 361–362
Vulnerability Atlas of India 332
vulnerable groups 235

warnings, disasters 233, 286
wars 17
wastes 34, 103, 210–211
wastewater 282, 299–300
water allocation 294
water conservation 280
waterlogging 103
water management

costs 298–301
financial challenges 301–302
institutional challenges 302–303
technical challenges 303–304
urban resilience 291–305

watershed management 35
water supplies

Cape Town 278–282
children 180–181

climate change impacts 296, 360
contamination 181
Dhaka 104
Durban 262
health issues 160–161, 164
India 319
lack of 6–7
Latin America 226, 236–237, 240
Mombasa 84, 88–89
Mumbai 136–137
Quito 242
rural 300
Shanghai 148–149

waterworks 293–294
wealthy nations see high-income countries
weather extremes see extreme weather events
weather information 40, 85, 99
weather–related disasters see disasters
wetlands 18, 53, 146, 210, 219
wet season flooding 206
wildfires 283–284
wind energy 89
women 186–187, 367
World Bank 346, 348
World Summit on Sustainable Development

(2002) 303

Yangtze river 148

Zimbabwe 181–182
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