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FOREWORD

In the decades to come, climate change may make hundreds of millions of urban residents — and in particular the poorest and
most marginalized — increasingly vulnerable to floods, landslides, extreme weather events and other natural disasters. City
dwellers may also face reduced access to fresh water as a result of drought or the encroachment of saltwater on drinking water
supplies. These are the forecasts, based on the best available science. Yet none of these scenarios needs to occur, provided we
act now with determination and solidarity.

This year’s edition of UN-Habitat’s Global Report on Human Settlements elucidates the relationship between urban
settlements and climate change, and suggests how cities and towns that have not yet adopted climate change policies can begin
to do so. The report details the possible impacts of climate change on cities and towns. It also reviews mitigation and adapta-
tion steps being taken by national and local authorities, and assesses their potential to shape future climate change policy.

Urban development has traditionally been seen as a national concern. This report shows its international relevance.
Cities and towns contribute significantly to climate change — from the fossil fuels used for electricity generation, transport and
industrial production, to waste disposal and changes in land use.

[ commend this report to all concerned with improving the ability of towns and cities to mitigate climate change and
adapt to its impacts. How cities and towns are planned affects not just the health and well-being of their inhabitants, but the
global environment and our prospects for sustainable development.

Ban Ki-moon
Secretary-General
United Nations



INTRODUCTION

The effects of urbanization and climate change are converging in dangerous ways that seriously threaten the world’s environ-
mental, economic and social stability. Cities and Climate Change: Global Report on Human Settlements 2011 seeks to improve
knowledge, among governments and all those interested in urban development and in climate change, on the contribution of
cities to climate change, the impacts of climate change on cities, and how cities are mitigating and adapting to climate change.
More importantly, the Report identifies promising mitigation and adaptation measures that are supportive of more sustainable
and resilient urban development paths.

The Report argues that local action is indispensable for the realization of national climate change commitments agreed
through international negotiations. Yet most of the mechanisms within the international climate change framework are
addressed primarily to national governments and do not indicate a clear process by which local governments, stakeholders and
actors may participate. Despite these challenges, the current multilevel climate change framework does offer opportunities for
local action at the city level. The crux of the challenge is that actors at all levels need to move within short time frames to
guarantee long-term and wide-ranging global interests, which can seem remote and unpredictable at best.

An important finding of the Report is that the proportion of human-induced (or anthropogenic) greenhouse gas (GHG)
emissions resulting from cities could be between 40 and 70 per cent, using production-based figures (i.e. figures calculated by
adding up GHG emissions from entities located within cities). This is in comparison with as high as 60 to 70 per cent if a
consumption-based method is used (i.e. figures calculated by adding up GHG emissions resulting from the production of all
goods consumed by urban residents, irrespective of the geographic location of the production). The main sources of GHG
emissions from urban areas are related to the consumption of fossil fuels. They include energy supply for electricity generation
(mainly from coal, gas and oil); transportation; energy use in commercial and residential buildings for lighting, cooking, space
heating, and cooling; industrial production; and waste.

However, the Report concludes that it is impossible to make accurate statements about the scale of urban emissions, as
there is no globally accepted method for determining their magnitude. In addition, the vast majority of the world’s urban
centres have not attempted to conduct GHG emission inventories.

The Report argues that, with increasing urbanization, understanding the impacts of climate change on the urban
environment will become even more important. Evidence is mounting that climate change presents unique challenges for
urban areas and their growing populations. These impacts are a result of the following climatic changes:

o Warmer and more frequent hot days and nights over most land areas;

* Fewer cold days and nights in many parts of the world;

* Frequency increases in warm spells/heat waves over most land areas;

* Increased frequency of heavy precipitation events over most areas;

* Increase in areas affected by drought;

* Increases in intense tropical cyclone activity in some parts of the world; and
* Increased incidence of extreme high sea levels in some parts of the world.

Beyond the physical risks posed by the climatic changes above, some cities will face difficulties in providing basic services to
their inhabitants. These changes will affect water supply, physical infrastructure, transport, ecosystem goods and services,
energy provision and industrial production. Local economies will be disrupted and populations will be stripped of their assets
and livelihoods.

The impacts of climate change will be particularly severe in low-elevation coastal zones, where many of the world’s
largest cities are located. Although they account for only 2 per cent of the world’s total land area, approximately 13 per cent of
the world’s urban population lives in these zones — with Asia having a higher concentration.

While local climate change risks, vulnerabilities and adaptive capacity vary across cities, evidence suggests some key
common themes. First, climate change impacts may have ripple effects across many sectors of city life. Second, climate change
does not impact everyone within a city in the same way: gender, age, race and wealth have implications for the vulnerability of
individuals and groups. Third, in terms of urban planning, failure to adjust zoning and building codes and standards with an eye
to the future may limit the prospects of infrastructure adaptation and place lives and assets at risk. Fourth, climate change
impacts can be long-lasting and can spread worldwide.



Introduction

In proposing the way forward, following a global review of climate change mitigation and adaptation measures taken by
cities all over the world, the Report emphasizes that several principles are fundamental to an integrated, multipartner approach
towards climate change action at the urban level:

*  No single mitigation or adaptation policy is equally well-suited to all cities;

[t would be beneficial to take an opportunity/risk management approach in a sustainable development perspective,
considering not only emissions, but also risks that are present in a range of possible climate and socioeconomic futures;

* Policies should emphasize, encourage, and reward ‘synergies’ and ‘co-benefits’ (i.e. what policies can do to achieve both
developmental and climate change response goals);

* (limate change policies should address both near-term and longer-term issues and needs; and

*  Policies should include new approaches that support multiscale and multisector action, rooted in the different expecta-
tions of a wide range of partners.

The Report suggests three main areas in which the international community can support and enable more effective urban
mitigation and adaptation responses:

* Financial resources need to be made more directly available to local players — for example, for climate change adaptation
in vulnerable cities, for investment in a portfolio of alternative energy options, and in mitigation partnerships between
local governments and local private sector organizations;

*  Bureaucratic burdens on local access to international support should be eased, with the international community helping
to create direct communication and accountability channels between local actors and international donors; and

* Information on climate change science and options for mitigation and adaptation responses should be made more widely
available by the Intergovernmental Panel on Climate Change (IPCC), the United Nations and other international organiza-
tions, including available knowledge on observed and future climate impacts on urban centres, on urban-based mitigation
and adaptation alternatives, and on the costs, benefits, potentials and limits of these options.

With respect to the national level, the Report suggests that national governments should use the following mechanisms to
enable mitigation and adaptation actions at the local level:

* Engage in the design and implementation of national mitigation strategies and adaptation planning;

e Offer tax rebates, tax exceptions and other incentives for investments in alternative energy sources, energy-efficient
appliances, and climate-proof infrastructure, houses and appliances, among other climate change mitigation and adapta-
tion actions;

* Encourage appropriate climate responses (for example, redesign policies enacted with other issues in mind or in periods
prior to climate change, such as flood protection policies that can result in maladaptations);

* Enhance coordination and streamlining between sectoral and administrative entities (for instance, make sure that
decisions by one city to protect coastal areas with barriers do not have impacts on basins that are suppliers of fresh water,
or wetland ecologies that are important to the economic base of that city or other cities inland);

*  Develop partnerships with non-governmental actors to share risks (for example, national governments can work with
private insurance providers to offer protection to each city without requiring each to make a sizeable investment in order
to reduce risks from a particular kind of low-probability threat); and

* Anticipate and plan for the possibility of much more substantial climate change impacts and adaptation needs in the
longer term than those that are currently anticipated in the next decades.

For the local level, the Report suggests, broadly, that urban policy-makers should begin from an awareness of local development
aspirations and preferences, local knowledge of needs and options, local realities that shape choices, and local potential for
innovation. In this context, urban local authorities should:

e Develop a vision of where they want their future development to go and find ways to relate climate change responses to
urban development aspirations;

* Expand the scope of community participation and action by representatives of the private sector, neighbourhoods
(especially the poor) and grassroots groups, as well as opinion leaders of all kinds, in order to ensure a broad-based collec-
tion of perspectives; and

* Using an inclusive, participatory process, cities should conduct vulnerability assessments to identify common and differ-
entiated risks to their urban development plans and their different demographic sectors, and decide on objectives and
ways to reduce those risks.

To achieve more effective policies, local governments need to expand the scope, accountability and effectiveness of participa-
tion and engagement with non-governmental organizations (NGOs), such as community and grassroots groups, the academic
sector, the private sector and opinion leaders. Effective engagement with NGOs will serve multiple purposes:



Vil

Cities and Climate Change

e [t will become a source of innovative options, as well as both scientific and locally relevant knowledge;

o [t will allow participants to understand and mediate the diverse perspectives and interests at play; and

e [t will provide broad-based support for decisions and promote knowledge on the causes of emissions and vulnerabilities,
as well as mitigation and adaptation options thus achieved.

Partnerships with the private sector and NGOs are of special relevance in this context. For example:

*  Resources from international, national and local private organizations can be mobilized to invest in the development of
new technologies, housing projects and climate-proof infrastructures, and to assist in the development of climate change
risk assessments; and

*  The widespread involvement of NGOs in climate arenas as diverse as climate awareness and education and disaster relief
should be welcomed — the inputs and perspectives of these organizations can be harnessed to help develop a more
integrated urban development planning,

Finally, the Report suggests that broad-based oversight organizations, such as advisory boards, representing the interests of all
actors, should be created to help avoid the danger that private or sectarian interests may distort local action (for instance, by
investing in technologies, infrastructures and housing that only benefit a minority, or by hijacking the benefits of grassroots
funding). This is especially of concern in urban areas within countries that have experienced strong centralized control in the
hands of local elites and state agents, but the principle of broad-based oversight can and should be practised everywhere.

Many towns and cities, especially in developing countries, are still grappling with the challenges of how to put in place
climate change strategies, how to access international climate change funding and how to learn from pioneering cities. I
believe this Global Report will provide a starting point for such towns and cities. More generally, [ believe this Report will
contribute to raising global awareness of the important role that cities can and should play in the mitigation of greenhouse gas
emissions and in adapting to climate change.

Dr Joan Clos
Under-Secretary-General and Executive Director
United Nations Human Settlements Programme (UN-Habitat)
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URBANIZATION AND THE
CHALLENGE OF CLIMATE CHANGE

As the world enters the second decade in the new millen-
nium, humanity faces a very dangerous threat. Fuelled by
two powerful human-induced forces that have been
unleashed by development and manipulation of the environ-
ment in the industrial age, the effects of urbanization and
climate change are converging in dangerous ways which
threaten to have unprecedented negative impacts upon
quality of life, and economic and social stability.

Alongside the threats posed by the convergence of
the effects of urbanization and climate change, however, is
an equally compelling set of opportunities. Urban areas, with
their high concentration of population, industries and infra-
structure, are likely to face the most severe impacts of
climate change. The same concentration of people, industrial
and cultural activities, however, will make them crucibles of
innovation, where strategies can be catalysed to promote
reductions in greenhouse gas (GHG) emissions (mitigation)
and to improve coping mechanisms, disaster warning
systems, and social and economic equity, to reduce vulnera-
bility to climate change impacts (adaptation).

While some cities are shrinking, many urban centres
are seeing rapid and largely uncontrolled population growth,
creating a pattern of rapid urbanization. Most of this growth
is now taking place in developing countries' and is concen-
trated in informal settlements and slum areas. Therefore,
the very urban areas that are growing fastest are also those
that are least equipped to deal with the threat of climate
change, as well as other environmental and socio-economic
challenges. These areas often have profound deficits in
governance, infrastructure, and economic and social equity.

People arriving in already overstressed urban centres
are forced to live in dangerous areas that are unsuitable for
real estate or industrial development, many constructing
their own homes in informal settlements on floodplains, in
swamp areas and on unstable hillsides, often with inade-
quate or completely lacking infrastructure and basic services
to support human life, safety and development. Many of
these slum residents are often blamed by their governments
for their own poor living conditions. Even without additional
weather-related stresses, such as higher-intensity or more
frequent storms, these are dangerous living environments.

Climate change, the second major force unleashed by
human industrial development, is quickly building momen-

tum. Climate change is increasing the magnitude of many of
the threats to urban areas that are already being experienced
as a result of rapid urbanization. Yet, climate change can also
be a source of opportunities to redirect the patterns of
production and consumption of cities and individuals, at the
same time enhancing their capacity to cope with hazards.

Climate change is an outcome of human-induced
driving forces such as the combustion of fossil fuels and land-
use changes, but with wide-ranging consequences for the
planet and for human settlements all over the world. The
range of effects include a warming of sea water, and its
consequent expansion, that has provided some warning
signs, including the collapse of the ice shelves such as Larsen
A (1995) and Larsen B (2002) in Antarctica. This melting
polar ice threatens to add more water to the already expand-
ing warmer seas, accelerating a dangerous sea-level rise that
threatens many coastal urban centres. At the same time, the
increasingly warm (and acidic?) seas threaten, along with
pollution and other anthropogenic or human-related drivers,
the very existence of coral reef ecosystems around the
world, giving rise to new risks in urban coastal areas that
gain protection from the ecosystem services of coral reefs
and other aquatic ecosystems. These changes to the natural
world gravely threaten the health and quality of life of many
urban dwellers.

With sea-level rise, urban areas along the coasts,
particularly those in low-elevation coastal zones, will be
threatened with inundation and flooding, saltwater intrusion
affecting drinking water supplies, increased coastal erosion
and reductions in liveable land space. All of these effects,
however, will be compounded by other climate impacts,
including increase in the duration and intensity of storms
such as hurricanes and cyclones, creating extreme hazards
for both rich and poor populations occupying low-elevation
coastal zones.

Even in non-coastal areas, the convergence of rapid
urbanization with climate change can be very dangerous.
Poor people living on unstable hillsides could face continu-
ous threats of being swept away or buried by rain-induced
mud- and rock-slides. Uncontrolled growth of urban centres
into natural forest or brush areas that will dry out with
increases in temperatures and in the intensity and duration
of droughts will see increases in the frequency of life- and
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property-threatening wildfires. Droughts in both coastal and
non-coastal cities could disrupt urban water supplies and
supplies of forest and agricultural products. These impacts
will fall disproportionately upon the urban poor in develop-
ing as well as developed countries.

In developed countries, an uneven distribution of
political and economic power is the reason why the poor,
ethnic and other minorities, and women will bear the brunt
of climate change. This uneven distribution of vulnerability
can have a destabilizing effect within these countries. This
can be seen, for instance, in the racial and social tension that
came to the fore in the US when it became evident that
African-Americans, the poor and the elderly were dispropor-
tionately affected by Hurricane Katrina in 2005.

It is true that destruction of property and loss of life
in the coastal areas and elsewhere will certainly not be
limited to the poor; but it is also true that affluent segments
of the population will be much better protected by insur-
ance, political and economic advantages. It is, however,
highly probable that the need for responses to an increased
frequency of disasters will stress national economies even in
developed countries, also creating much higher stress on the
global economy.

The challenges associated with the rapid pace of
urbanization will complicate responses to climate change.
The other side of the coin, however, is that urbanization will
also offer many opportunities to develop cohesive responses
in both mitigation and adaptation strategies to deal with
climate change. The populations, enterprises and authorities
of urban centres will be fundamental players in developing
these strategies. In this way, climate change itself will offer
opportunities, or it will force cities and humanity, in general,
to improve global, national and urban governance to foster
the realization of human dignity, economic and social justice,
as well as sustainable development.

The purpose of this chapter is to identify the main
issues of concern as they relate to urban areas and climate
change. It describes, in the section below, key urbanization
trends as they relate to climate change, and presents the
reasons why it is important to explore the factors shaping
urban development and changes in the Earth’s climate
system. The section after that presents, in summary form,
the most important and recent evidence of the causes of
climate change, and briefly looks at climate change implica-
tions for urban centres. This is followed by a presentation of
the framework for exploring linkages between urban areas
and climate change used in this Global Report, covering two
main issues: drivers of urban contributions to climate
change; and urban vulnerability and resilience. The final
section contains some concluding remarks and a short
description of the main contents of the rest of the report.

URBANIZATION AND
CLIMATE CHANGE

Development and its many environmental impacts are
inextricably bound. As such, urbanization and climate
change are co-evolving in such a way that populations, often

in densely packed urban areas, will be placed at much higher
risk from climate change as well as from other profound
societal and environmental changes. The pace of these
changes is rapid, and for this reason, many aspects of urban
change during recent decades are of importance for this
Global Report. There are six primary reasons why it is impor-
tant to understand the forces shaping the world’s growing
urban areas in order to be able to mitigate climate change
and to cope with its inevitable consequences. First among
these is the rapid pace of urban population growth. By the
end of the last decade the world reached a milestone when,
for the first time in human history, half of the world’s
population lived in urban areas. The pace of urbanization in
the world today is unprecedented, with a near quintupling of
the urban population between 1950 and 2011.4

The second important issue bearing on urbanization
and climate change is that, unlike urbanization during the
early 20th century, which was mostly confined to developed
countries, the fastest rates of urbanization are currently
taking place in the least developed countries, followed by
the rest of the developing countries (see Table 1.1), which
now host nearly three-quarters of the world’s urban popula-
tion. In fact, more than 90 per cent of the world’s urban
population growth is currently taking place in developing
countries.’ This rapid urbanization of developing countries,
coupled with the increased intensity and frequency of
adverse weather events, will have devastating effects on
these countries, which also have lower capacities to deal
with the consequences of climate change.®

Third, while the populations of some cities are shrink-
ing, the number of large cities and the size of the world’s
largest cities are increasing. The number of cities in the
world with populations greater than 1 million increased from
75in 1950 to 447 in 2011; while during the same period,
the average size of the world’s 100 largest cities increased
from 2.0 to 7.6 million. By 2020, it is projected that there
will be 527 cities with a population of more than 1 million,
while the average size of the world’s 100 largest cities will
have reached 8.5 million.” However, it is significant that the
bulk of new urban growth is taking place in smaller urban
areas. For instance, urban centres with fewer than 500,000
people are currently home to just over 50 per cent of the
total urban population.? The primary disadvantage of this
development pattern is that these smaller urban areas are
often institutionally weak and unable to promote effective
mitigation and adaptation actions. However, there is a possi-
ble advantage to be gained here also, as the burgeoning
development of these centres may be redirected in ways that
reduce their emission levels to a desired minimum (e.g.
through the promotion of mono-centric urban structures
based on the use of public transportation), and their
resilience and ability to cope with climate hazards and other
stresses enhanced (e.g. through the development of climate-
proof urban infrastructure and effective response systems).

Fourth, since urban enterprises, vehicles and popula-
tions are key sources of GHGs, gaining an understanding of
the dynamics of the forces and systems that drive the urban
generation of GHGs is fundamental in helping urban policy-
makers, enterprises and consumers target the readily
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Proportion of total population Urban population rate of

(millions) living in urban areas (%) change (% change per year)

2010 2020 2000 2020 2030 2010-2020 2020-2030
World total 3486 4176 4900 50.5 544 59.0 1.81 1.60
Developed countries 930 988 1037 75.2 719 80.9 0.61 0.48
North America 289 324 355 821 84.6 86.7 I.16 0.92
Europe 533 552 567 728 754 784 0.35 0.27
Other developed countries 108 11 114 70.5 733 76.8 0.33 0.20
Developing countries 2556 3188 3863 45.1 498 55.0 221 1.92
Africa 413 569 761 40.0 446 499 321 291
Sub-Saharan Africa 321 457 627 372 42 479 351 317
Rest of Africa 9 113 135 54.0 57.6 622 2.06 1.79
Asia/Pacific 1675 2086 2517 414 46.5 523 2.20 1.88
China 636 787 905 470 55.0 61.9 213 141
India 364 463 590 300 339 39.7 240 242
Rest of Asia/Pacific 674 836 1021 455 49.6 547 2.14 2.00
Latin America and the Caribbean 469 533 585 79.6 82.6 849 1.29 0.94
Least developed countries 249 366 520 29.2 345 40.8 3.84 3.50
Other developing countries 2307 2822 3344 479 528 58.1 201 1.70

Source: UN, 2010; see also Statistical Annex, Tables A.1,A.2,A3,B.1,B.2,B.3

available options to reduce those emissions at the same time
that urban resilience to the impacts of climate change is
enhanced. For instance, many cities exceed the recom-
mended annual average figure of 2.2 tonnes of CO,
equivalent value (CO,eq) per capita.

Fifth, cities are also centres of diverse kinds of innova-
tions that may contribute to reducing or mitigating
emissions, adapting to climate change, and enhancing
sustainability and resilience. Mechanisms for that purpose
include changes in transportation, land-use patterns, and the
production and consumption patterns of urban residents.
The economies of scale, as well as proximity and concentra-
tion of enterprises in cities, make it cheaper and easier to
take the actions and provide the services necessary to
minimize both emissions and climate hazards.'?

Last, but certainly not least in importance, the dynam-
ics of urban centres are intimately linked to geography.
Latitude determines a city’s need for more or less energy to
run air-conditioning and heating systems within its build-
ings, industries and houses. However, cities also depend on
biodiversity, clean water and other ecosystem services that
they have developed over existing ecosystems or ‘ecozones’,
such as coastal areas, wetlands and drylands.!" Indeed,
settling along large bodies of water such as seas, lakes and
rivers has historically been a vital factor in the economic and
demographic growth of cities, and this trend continues
today. For instance, ecozones near water bodies (inland and
coastal) have greater shares of population residing in urban
areas than other ecozones (see Table 1.2). In developing
countries especially, these urban centres are already faced
with flooding resulting from a combination of factors (such
as impermeable surfaces in the built environment, scarcity of
green spaces to absorb water flows and inadequate drainage
systems). There are also health-related risks that affect
ecozones near water bodies. These include flood-related
increases in diarrhoeal diseases, typhoid and cholera.

Many weather-related risks — which, as can be seen in
Figure 1.1, already have an urban face — will be exacerbated
as climate change progresses and hazards such as sea-level
rise, saltwater intrusion and more intense storms become
day-to-day realities for the poor and vulnerable populations
that inhabit many of the most hazardous areas in urban
centres. Drylands are also home to a considerable share of
urban populations and, as will be illustrated later, these areas
too will see an increase in climate-related impacts, especially
in the western parts of the US, the northeast of Brazil and
around the Mediterranean (see Table 1.2).

As illustrated in Figure 1.1, many urban dwellers and
their livelihoods, property, quality of life and future prosper-
ity are threatened by the risks from cyclones, flooding,
landslides and drought: adverse events which climate change
is expected to aggravate. Yet, urbanization is not only a
source of risks. Certain patterns of urban development can
increase resilience. For instance, while large population
densities in urban areas create increased vulnerability, they
also create the potential for city-scale changes in behaviour
that can mitigate human contributions to climate change and
encourage adaptation to the inevitable changes that climate
change will bring. Furthermore, infrastructure developments
can provide physical protection. As illustrated by Cuba’s
experience, well-designed communications and early
warning systems can help to evacuate people swiftly when
tropical storms approach.'2 Appropriate urban planning can
help to restrict growth of population and activities in risk-
prone areas.

Given the above, it is necessary to pay attention to
the worsening global problem of climate change in relation
to urban centres — the most local of the human systems on
Earth — which concentrate more than half of the world’s
population and have significant potential to perform key
roles in the climate change arena.
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Urban population in
different ‘ecozones’, by
region (2000 and 2025)

Cities in relation to
current climate-related
hazards

Note: The urban areas included
in this figure have populations
greater than | million. The
hazard risk represents a
cumulative score based on risk
of cyclones, flooding, landslides
and drought. A score of ‘0’
denotes ‘low risk’ and ‘10’
denotes ‘high risk’.

Source: based on de Sherbinin
etal, 2007, Figure |
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Share of urban population (%)

Ecozone Year Africa Asia Europe North America Oceania South America World
Coastal 2000 62 59 83 85 87 86 65
2025 73 70 87 89 90 92 74
Low-elevation coastal zone 2000 60 56 80 82 79 82 6l
2025 71 68 85 86 83 90 U
Cultivated 2000 38 4 70 75 67 67 48
2025 48 55 75 8l 72 80 59
Dryland 2000 40 40 66 78 49 61 45
2025 51 51 70 84 60 75 55
Forested 2000 21 28 53 64 36 53 37
2025 31 41 59 72 40 68 47
Inland water 2000 51 47 78 84 77 71 55
2025 62 58 82 88 80 83 64
Mountain 2000 21 27 46 50 I 54 32
2025 30 40 53 60 13 67 43
Continent average 2000 36 2 69 74 66 66 49
2025 47 55 75 80 70 78 59
Source: Balk et al, 2009

EVIDENCE OF CLIMATE
CHANGE: IMPLICATIONS
FOR URBAN CENTRES

This section presents a brief overview of how the global
climate system functions, and what is changing as a result of
climate change. It also presents a brief summary of the
characteristics of the main causes of climate change (i.e. the
GHGs). The last part of this section takes a closer look at the
main human activities that cause increasing GHG emissions.

How the climate system functions
and what is changing

Several factors influence the climate of the Earth: the incom-
ing energy from the Sun, the outgoing or radiated energy
leaving the Earth, and the exchanges of energy among
oceans, land, atmosphere, ice and living organisms (see
Figure 1.2). Structure and dynamics within both the carbon
cycle (see Box 1.1) and the atmosphere can be equally
responsible for alterations in climate. Within the atmos-

phere, incoming solar radiation and outgoing infrared radia-
tion are affected by some gases and aerosols (see Box 1.1).
While most aerosols have some cooling effect, the amount of
GHGs present in the Earth’s atmosphere before human
beings began the large-scale emission of these gases keeps
the planet about 33°C warmer than it would be otherwise.'®
This natural greenhouse effect, by providing protection from
the loss of heat, has made most life on Earth possible. The
functioning of the carbon cycle has provided a good part of
this protection; but human activities such as the combustion
of fossil fuels, large-scale industrial pollution, deforestation
and land-use changes, among others, have led to a build-up
of GHGs in the atmosphere together with a reduction of the
capacity of oceans and vegetation to absorb GHGs. This
attack on the natural carbon cycle on two fronts has reduced
the Earth’s natural ability to restore balance to the carbon
cycle and is now resulting directly in the current global
changes in average temperatures.

Looking back to the Earth’s history, it is not surprising
that its climate system has always changed.' Yet, a remark-
able stability is also evident, with variations in temperature
within a narrow range over thousands of years before the




Box I.I Climate change-related terminology

industrial era.!> Particularly striking about the current
changes are the speed and intensity at which transforma-
tions in the greenhouse effect have been fostered by the
exponential growth in concentrations of CO, and other
GHGs during the industrial era: the increase of about 100
parts per million since the dawn of industrialization has led
to a dramatic alteration of both the carbon cycle and the
climate system.!0 An analysis of this period reveals that
human actions are pushing the Earth’s climate beyond a
tipping point where changes in human behaviour and sys-
tems will no longer be able to mitigate the effects of climate
change.

[t is undeniable that the Earth’s climate is warming.
This is evident from models and observations at global and

Urbanization and the Challenge of Climate Change

continental levels (see Figure 1.3), and from the work
leading up to and including the Fourth Assessment Report of
the Intergovernmental Panel on Climate Change (IPCC),
according to which there was an increase of 0.74°C during
1906 to 2005. It has been further validated and strength-
ened by research published afterwards, according to which
the observed increase in global mean surface temperature
since 1990 is 0.33°C.!7 Since the onset of the industrial era,
concentrations of CO, and methane (CH,) have increased,
with an increase of 70 per cent during the 1970 to 2004
period, and urban centres have played a key — though not yet
fully understood — role in this process (see Chapter 3). Most
important to this discussion, current research validates that
there have been changes in the frequency and severity of

It is undeniable that
the Earth’s climate
is warming
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storms, precipitation, droughts and other weather extremes
of relevance, all of which have impacts on urban centres (see
Box 1.2).

Figure 1.2

Schematic diagram of
the greenhouse effect

Source: adapted from
http://web.chjhs.tp.edu.tw/~j-
bio/warmhouse/images/v| gif

Box 1.2 Recent changes in climate of relevance to urban areas

The types of greenhouse gases'®

Various human activities result in the production of GHGs.
Water vapour is the most abundant GHG in the atmosphere;
but its abundance means that human activities have only a
small influence on its concentration. However, human action
may generate feedback mechanisms that inadvertently have
much larger effects on the concentration of this gas. The
four most important types of GHGs produced by human
activities are CO,, methane, nitrous oxide (N,0), and the
halocarbons (hydrofluorocarbons and perfluorocarbons) and
other fluorinated gases.!” These GHGs are produced from
various sources, but can also be removed from the atmos-
phere by various processes or activities, referred to as
‘sinks’.

These gases do not all have the same impacts upon
climatic change, so are often described using their CO,
equivalent value (CO,eq). This is a useful tool for compar-
ing emissions, although it does not imply a direct
equivalence because of the different time-scales over which
these effects take place. Because of this, the gases may be
allocated a global warming potential value that takes into
account both the time for which they remain in the atmos-
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phere and their relative effectiveness in causing the green-
house effect. The global warming potential is a measure of
the contribution that different GHGs make to global
warming. It takes into account the extent to which these
gases absorb warming radiation and the length of time that
they remain in the atmosphere. The warming potential of
CO, is used as the baseline against which this is measured
(see also Table 1.3).

m Carbon dioxide

Carbon dioxide (CO,) is the most important anthropogenic
GHG. Indeed, CO, emissions are often used synonymously
with contributions to climate change. The main sources of
atmospheric CO, are from the burning of fossil fuels, which
is responsible for more than 75 per cent of the increase in
atmospheric CO, since pre-industrial times. This energy

Methane
(CH,)

Carbon dioxide

(o)

Atmospheric concentration: parts per million (ppm)/billion (ppb)/trillion (ppt):

Nitrous oxide
(N,0)

from fossil fuels is used in transportation, heating and
cooling of buildings, and manufacture of cement and other
goods — all of which are substantial activities in urban areas.
Land-use changes — deforestation and changing agricultural
practices — account for the remaining 25 per cent of CO,
emissions. Deforestation also reduces an important sink for
the gas, as plants absorb CO, in the process of photosynthe-
sis. The average annual CO, emissions from fossil fuels,
cement production and gas flaring were 12.5 per cent
greater during the period of 2000 to 2005 than during 1990
to 2000. The global atmospheric concentration of CO, in
2005 was approximately 379 parts per million — an increase
from a pre-industrial value of about 280 parts per million.
The approximate lifetime of CO, in the atmosphere is 50 to
200 years.

Halocarbons?
CFC- 12

Pre-industrial times 280 ppm 715 ppb 270 ppb - - -
1998 366 ppm 1763 ppb 314 ppb 264 ppt 534 ppt 14 ppt
2005 379 ppm 1774 ppb 319 ppb 251 ppt 538 ppt 18 ppt
Change in atmospheric concentration (%):

Pre-industrial times-2005 +31 +147 +16 L ® d
1998-2005 +4 + +2 -5 + +29
Approximate lifetime in the

atmosphere (years) 50-200 12 114 45 100 270
Global warming potential

relative to CO, in 100 years | 25 298 4750 10,900 14,800
Radiative forcing 2005

(watts per square metre) 1.66 0.48 0.160 0.063 0.170 0.0033
Change in radiative forcing

1998-2005 (%) +13 - +1 -5 +| -

Notes:a For details on other halocarbons, see IPCC (2007d). = infinity.
Sources: Forster et al, 2007; IPCC,2007d
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Global and continental
temperature change

Note: The black line in the
figures represents observed
surface temperature changes.
The light grey band represents
how the climate would have
evolved over the past century
in response to natural factors
only. The dark grey band
represents how the climate
would have changed in
response to both human and
natural factors. The overlap of
the dark grey band and black
line suggests that human
activity very likely caused
most of the observed increase
since the mid 20th century.
Lines are dashed where spatial
coverage is less than 50 per
cent.

Source: IPCC,2007d, pl |
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Figure 1.4

Global anthropogenic
GHG emissions

Notes: (a) Global annual
emissions of anthropogenic
GHGs from 1970 to 2004;
(b) share of different
anthropogenic GHGs in total
emissions in 2004 in terms of
CO, equivalents (CO,eq); (c)
share of different sectors in
total anthropogenic GHG
emissions in 2004 in terms of
CO,eq (forestry includes
deforestation).

Source:IPCC,2007a

Table 1.4

Total and per capita
GHG emissions (‘top
20 countries’)
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b)

Nitrous oxide
7.9%
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17.3%
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2.8%
Waste and wastewater
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C) 17 47), Energy supply
- 25.9%
Agriculture
13.5%
Transport
13.1%
Industry Residential and
19.4%

commercial buildings
7.9%

m Methane

Methane is emitted into the atmosphere through a variety of
human activities, including energy production from coal and
natural gas, waste disposal in landfills, raising ruminant
animals (e.g. cattle and sheep), rice cultivation and the
burning of biomass. Wetlands are the main natural source of
methane, although it is also emitted from the oceans and by
the activities of termites. In 2005, methane accounted for
about 1774 parts per billion of the atmosphere, more than
twice its pre-industrial value — and these current levels are
due to the continued human-induced emissions of the gas.
Despite this apparently low concentration, methane is a

powerful GHG that has a significant impact upon climate
change. It is relatively short lived in the atmosphere with an
approximate lifetime of 12 years. Over a 100-year period, it
has 25 times the global warming potential of CO,; but in the
short term this is much stronger: it has a global warming
potential 72 times that of CO, over a 20-year time horizon.

m Nitrous oxide

Nitrous oxide is emitted from fertilizers and the burning of
fossil fuels, and is also released by natural processes in soils
and oceans. About 40 per cent of total nitrous oxide
emissions result from human activities. In 2005, atmos-

GHG emissions (2005)* CO, emissions (2007)
Country Thousand Percentage of Metric tonnes Thousand Percentage Metric tonnes of Percentage
metric tonnes total CO,eq of CO,eq metric tonnes of total CO, per capita  change in CO,
of CO.eq per capita of CO, (2005-2007)
China 7,303,630 18.89 5.60 6,538,367 22.30 4.96 165
us 7211977 18.66 2440 5,838,381 1991 19.38 0.1
India 2,445,328 6.33 223 1,612,362 5.50 1.43 143
Russian Federation 2,115,042 547 1478 1,537,357 5.24 10.82 1.4
Japan 1,446,883 374 11.32 1,254,543 428 9.82 1.0
Brazil 1,079,576 2.79 5.80 368,317 1.26 1.94 5.2
Germany 972,615 2.52 11.79 787,936 2.69 9.58 -2.7
Canada 725,606 1.88 2246 557,340 1.90 16.90 0.5
UK 672,148 1.74 I1.16 539,617 1.84 8.85 0.8
Mexico 627,825 1.62 6.09 471,459 1.6l 448 6.9
Indonesia 625,677 1.62 2.85 397,143 1.35 1.77 164
Australia 601,444 1.56 29.49 374,045 128 17.75 2.7
Iran 598,479 1.55 8.66 495,987 1.69 6.98 162
Italy 571,378 1.48 9.75 456,428 1.56 7.69 -2.5
France 542,980 1.40 8.92 371,757 127 6.00 -5.2
Republic of Korea 535,836 1.39 I1.13 503,321 1.72 10.39 8.7
South Africa 499,842 129 10.66 433,527 1.48 9.06 6.2
Spain 457,776 118 10.55 359,260 123 801 1.6
Saudi Arabia 439,516 I.14 19.01 402,450 1.37 16.66 9.6
Ukraine 427,297 1.1 9.07 317,537 1.08 6.83 -28
Other developed countries 2,237,764 5.79 9.46 1,791,983 6.11 7.55 1.1
Rest of Asia and Pacific 3,527,583 9.13 351 2,460,617 839 237 73
Rest of Latin America and the Caribbean 1,329,867 344 5.04 749,694 256 2.77 10.0
Rest of Africa 1,659,120 429 1.90 699,867 239 0.77 4.
World total 38,655,189 100.00 6.00 29,319,295 100.00 4.45 6.0

Note: The world totals include only emissions that have been accounted for in national inventories.

Source:a http://data.worldbank.org/indicator, last accessed 2| October 2010; b http://mdgs.un.org/unsd/mdg, last accessed 21 October 2010; see also Statistical Annex, Tables B.7 and B.8




pheric nitrous oxide levels were 18 per cent higher than pre-
industrial levels, at 319 parts per billion. The gas has a
lifetime in the atmosphere of 114 years, and over a 100-year
period has a global warming potential that is 298 times
greater than CO,.

m Halocarbons

Halocarbons — including chlorofluorocarbons (CFCs) and
hydrochlorofluorocarbons (HCFCs) — are GHGs that are
produced solely by human activities. CFCs were widely used
as refrigerants before it was discovered that their presence
in the atmosphere caused the depletion of the ozone layer.
International regulations to protect the ozone layer — notably
the Montreal Protocol of 1987 — have been successful in
reducing their abundance and their contribution to global
warming. However, the concentrations of other industrial
fluorinated gases (hydrofluorocarbons, perfluorocarbons and
sulphur hexafluoride) are relatively small but are increasing
rapidly. Although these gases occur in much smaller concen-
trations than CO,, methane and nitrous oxide, some of them
have extremely long lifetimes and high global warming
potentials, which means that they are important contributors
to global warming. For example, HFC-23 (CHF3) has a
lifetime of 270 years and a global warming potential over
100 years 14,800 times greater than CO,,.

The causes of climate change

The main human sources of GHGs contributing to global
warming are the dramatic rise in energy use, land-use
changes and emissions from industrial activities (see Figure
1.4). Furthermore, between 1970 and 2004, changes in
factors such as increased per capita income (up 77 per cent)
and population growth (up 69 per cent) have favoured
increases in GHG emissions. These have been, to a limited
extent, offset by increases in efficiency and/or reductions in
the carbon intensity of production and consumption; but the
overall global trend has still been towards large increases in
anthropogenic GHG emissions.

Not every country has contributed at the same level
to global warming. In 2007, developed countries accounted
for 18 per cent of the world’s population and 47 per cent of
global CO, emissions, while developing countries accounted
for 82 per cent of the population and 53 per cent of CO,
emissions.? Developing countries, therefore, generated only
25 per cent of the per capita emissions of developed coun-
tries. A select number of developed countries and major
emerging economy nations are the main contributors to total
CO, emissions (see Table 1.4). In fact, three developed
countries (Australia, the US and Canada) have among the
highest CO, emissions per capita, while some developing
countries lead in the growth rate of CO, emissions (e.g.
China and Brazil). These uneven contributions to the climate
change problem are at the core of both international
environmental justice issues and the challenges that the
global community faces in finding effective and equitable
solutions (see Chapter 2).

In this context, humanity is facing two main
challenges that urban centres can to help address:

Urbanization and the Challenge of Climate Change
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There is a need to adapt, at least to some amount of
continued warming, because even if the concentrations
of GHGs and aerosols are kept constant at year 2000
levels, ‘a further warming of about 0.1°C per decade
would be expected’.?!

There will also be a need to mitigate — that is, to achieve
development paths that bring about a peaking of
emissions by 2015 and a stabilization of GHG concen-
trations in the atmosphere at about 445 to 490 parts
per million by volume of CO, equivalents (CO,eq) by
the end of the century.?% This path would keep global
average temperature increases within 2°C to 2.4°C
above pre-industrial levels, in keeping with the objective
outlined in the United Nations Framework Convention
on Climate Change, Article 2 (see Chapter 2).

Figore 1.5

Relationships between
urbanization levels and
CO, emissions per
capita

Source: Romero Lankao et al,
2008

Figure 1.6

Carbon intensity and
economic
development (2003)

Source: Romero Lankao et al,
2008
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Regarding the amount of GHG emissions that urban areas
contribute to the atmosphere, it has been claimed (correctly
or incorrectly) that although cities take up only 2 per cent of
the Earth’s land mass, they are responsible for as much as 75
per cent of the GHGs that are released into the atmos-
phere.? Indeed, many of the sources of these emissions are
urban. The myriad of urban processes accounting for these
emissions are combustion of fossil fuels by commercial and
residential buildings or electricity generating plants for
heating and air conditioning, the commercial and individual
use of energy for running motor vehicles for transportation,
and energy used in industrial processes. Urban households
may also consume fuels more directly, in heaters and
cookers, or indirectly in air conditioning or electric heating.
Land-use changes induced by urban growth may lead to
deforestation and reductions in the uptake of CO, by vegeta-
tion. Landfill sites taking up urban wastes also generate
methane. Cement, as a construction material of primary
importance to the development of urban infrastructure, as
well as of commercial and residential buildings, also has a
large carbon footprint due to an energy-intensive manufac-
turing process and high energy cost for transporting this
dense material. Lastly, many activities, such as agriculture,
livestock production, mining, timber collection and lumber
production, increase GHG emissions as direct emitters or
reduce the uptake of these gases by vegetation. While these
are often undertaken outside the boundaries of urban
centres, they are aimed at satisfying urban needs for food,
raw materials, forest products and construction materials.

As will be shown in Chapter 3, it remains unclear just
how accurate existing figures on GHG emissions by cities
are. Many different criteria have been used to measure these
emissions, and the choice by researchers to use one or the
other can greatly skew the final calculations on how large
those contributions are.?* For instance, if GHG emissions are
allocated based on the generating activities within urban
centres (the production-based approach), then these centres
emit between 30 and 40 per cent of all anthropogenic
GHGs. The proportion of GHGs that should be attributed to
cities would be higher, however, if emissions were assigned
to the consumers (i.e. to the home or business or organiza-
tional location of those whose demand for goods, services or
waste disposal or travel creates the need for those goods or
services that produce the GHG emissions). Under this
consumption-based approach, cities’ contribution to global
GHG emissions would rise to almost half of all global
emissions.

A dynamic, complex and strong link exists between
economic development, urbanization and CO, emissions
(see Figures 1.5 and 1.6). Urban contributions to CO,
emissions seem to be based at least in part on the size of the
national economy in which the urban centres are located (as
measured by total GDP in constant US dollars) and the struc-
ture of that economy (i.e. whether it is predominantly indus-
trial or service oriented). Although the relations between
total emissions and the size of a country’s economy have
been weakening since the 1960s, there is still a strong corre-
lation, with total emissions rising with the size of the
economy (see Figure 1.6). Total energy used per unit of GDP

went down by 33 per cent between 1970 and 2004, yet the
rate of improvement has not been enough to globally reduce
GHG emissions, which are rising beyond the worst-case
scenario and have already resulted in an Earth that is 0.8°C
warmer on average than it was in pre-industrial times. Based
on the significant roles that they play in their countries’
economies, urban areas can be seen as playing a major role in
this connection.?®

Nevertheless, the relationship between levels of
urban development, as measured by GDP and levels of
GHG emissions, is not so straightforward. It is clear that
differences in GHG emissions result from the peculiarities
and weight of different sectors, as shown in the next
section.

FRAMEWORK FOR
EXPLORING THE LINKAGES
BETWEEN URBAN AREAS
AND CLIMATE CHANGE

Reducing the contribution of cities to climate change, or
mitigation, requires an adequate understanding of the
drivers of urban GHG emissions, while effective adaptation
must be based on a good understanding of what makes cities
and their constituent socio-economic groups either vulnera-
ble or resilient to climate change impacts. This section
therefore focuses on the drivers of GHG emissions in urban
areas and the concepts of vulnerability and resilience as
frameworks for both analysis and for formulating mitigation
and adaptation policy options.

Drivers of urban contributions
to GHG emissions

Since the industrial revolution, urban centres have concen-
trated industries, construction, transportation, households
and other activities that release large quantities of GHGs.
Other sources that occur both inside and outside cities, but
serve urban development, include deforestation and other
land-cover changes, agriculture, waste disposal, power
generation, and refrigeration and air conditioning. Chapter
3 presents findings from a wide range of urban emissions
inventories to show how the data on urban emissions varies
from place to place, and how the figures on emissions vary
depending on the approaches used (i.e. consumption- or
production-based approaches). It is therefore important to
have a framework for understanding the levels and drivers
of emissions by different demographic and economic
sectors, buildings and infrastructures within, or serving,
urban areas.

The exploration of how urban centres contribute to
climate change requires an understanding of how transporta-
tion, heating and cooling systems, industries and other urban
activities and infrastructures act both as emitters and direct
causes of climate change. They create two main categories of
impacts on the carbon cycle and the climate system:



1 Changes related to the emission of aerosols, GHGs and
solid wastes. GHGs are the main source of changes in
the climate system. Not only do they change the dynam-
ics of the carbon cycle, but together with aerosols they
also generate changes in the Earth’s radiation that
induce climate change.?0 Wastes affect the growth,
function and health of vegetation and of ecosystems in
general.?’

2 Land-use related changes. Urbanization is a process that
changes the uses of land and by creating impervious
surfaces, filling wetlands and fragmentation of ecosys-
tems has disproportional impacts upon the carbon cycle.
The built environment of urban areas is also a forcing
function on the weather—climate system of urban
centres because it is a source of heat and a poor storage
system for water.

Both within and across cities, different populations,
economic activities and infrastructures contribute at differ-
ent levels to global warming. Some studies point to the fact
that gender inequities exist both in energy use and GHG
emissions and that the differences are related not only to
wealth, but to behaviour and attitudes. For instance, women
tend to buy efficient electric appliances, while men tend to
undertake efforts to insulate their houses. Men tend to eat
more meat, while women tend to eat more vegetables, fruits
and dairy products. Men tend to use more private motorized
transport than women, and to use larger, more fuel-consum-
ing vehicles.2®

Urban centres in developing countries have lower
levels of emissions per capita than cities in developed
countries.2? Houston and Washington, DC (US), for instance,
have carbon emissions that are about 9 to 18 times higher
than those in Sao Paulo (Brazil), Delhi and Kolkata (India)
(see Chapter 3). Yet, other wealthy cities such as Stockholm
(Sweden) and Barcelona (Spain) have lower levels of
emissions per capita than some South African cities. This is
because several interrelated factors shape or determine the
patterns of energy use and emissions by different popula-
tions and sectors.

The climate and natural endowments of an urban area
are significant factors shaping its energy-use pattern. A city
located in high latitudes, for instance, might consume more
energy to heat its buildings and houses than one situated in
the tropics; and conversely, an urban centre located in the
tropics might consume more energy for air conditioning.
Thus, climate change will affect energy consumption behav-
iour in many urban areas of the world.

Weather undoubtedly plays a role in cities’ carbon
footprints, but does not act alone. For instance, many
relatively colder urban areas in the northeast of the US have
larger residential carbon footprints because they rely on
carbon-intensive home heating fuels such as fuel oil. Warm
areas in the south, likewise, have large residential carbon
footprints because they rely on carbon-intensive air condi-
tioning.%° The carbon intensity of the fuels used is, hence,
another key factor. For instance, the carbon intensity of coal
is almost two times higher than the carbon intensity of
natural gas.

Urbanization and the Challenge of Climate Change

The economic base of a city is another important
factor. In Beijing and Shanghai (China), industry contributes
43 and 64 per cent of the total emissions, respectively.®!
Industrial emissions of GHGs in cities elsewhere are much
lower: 28.6 per cent in Mexico City, 7 per cent in London
(UK), 9.7 per cent in Sao Paulo (Brazil), and 10 per cent in
Tokyo (Japan) and New York (US). This reveals that many
cities have already transitioned to service-based urban
economies and, thus, have been able to reduce their carbon
footprints. The differences reflect a shifting international
pattern in the location of industrial activities — a pattern
determined by differences in profitability, costs and environ-
mental legislation among cities.3? The current pattern
reflects the fact that China has become the main manufac-
turer of commodities for the world, allowing developed
countries to shift responsibility for their own GHG emissions
in spite of the fact that their consumer-driven impact upon
the market has created much of the need for a high indus-
trial output in China. This international shifting of the
location of industrial production calls for the use of
consumption-based approaches, and not only production-
based ones, in the measurement of emissions in order to
have a true picture of responsibility for industrial emissions
among and within countries and urban areas.3

Affluence has been repeatedly acknowledged as a
significant driver of GHG emissions and other environmental
impacts; but again it does not act alone — rather, together
with such factors as technology, natural endowments and
equity. According to ecological modernization theory,
environmental problems such as climate change are
addressed by development or modernization. A structural
change, or shift, to less carbon-intensive societies occurs at
the macroeconomic level through the development of new
and less carbon-intensive technologies whose use is induced
by market mechanisms.3*

As an economy develops (modernizes), sectors such
as agriculture and fisheries are replaced by manufacturing
industries and, with further development, service industries.
Ecological modernization theorists argue that economic
growth within developing economies will follow a natural
path, driven by economic forces and market dynamics, from
higher to lower states of environmental stress. The environ-
mental impacts of economic growth, thus, increase in the
early stages of development, but stabilize and then decline
as economies mature. The process is depicted by an inverted
U-shape curve, also known as the Environmental Kuznets
Curve. Indeed, the relation between national carbon inten-
sity and level of economic development has changed from
essentially linear in 1965 to essentially curvilinear in
1990.%5 The tendency to an essentially curvilinear relation
was still valid for the year 2003 (see Figure 1.6). A linear
relation means that a one unit increase in GDP essentially
translates to a similar increase in emissions, while in a curvi-
linear relation a one unit increase relates to a smaller than
one unit increase in emissions. However, at least part of this
tendency might be understood in terms of the shifting of
manufacturing activity to other areas due to economic, polit-
ical and environmental factors, as illustrated in the example
of China given above. Because developed countries’
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economies have become service based and because their
industrial production has been relocated to some developing
countries, GHGs emitted by their urban areas have
decreased. However, their responsibility for that percentage
of the GHGs emitted in the industrial manufacturing
countries producing goods for them should be accounted to
them as the consumers creating the need for the goods and
not to the manufacturing country.3® Some researchers have
suggested that this change in the attribution of GHGs would
alter the features of the curve.3’

Affluence theory has empirical and political relevance
for this Global Report for two reasons. While the ‘environ-
mental burdens of urban poverty primarily affect the poor
living in the immediate locality’, the environmental burdens
of affluence, such as climate change, can affect both rich and
poor people around the globe; but these also tend to fall
disproportionately upon the poor.® The second reason,
relevant to the debate around climate change impacts upon
cities, follows from the fact that the very urban dwellers
most at risk from local environmental degradation — the poor
— seem also to be most at risk from floods, heat waves,
storms and other climate-related threats.3?

It can be misleading to concentrate on urban
emissions per capita, as there are very large differentials
within urban centres. Both gender and socio-economic
equity is, therefore, a key dimension affecting GHG emis-
sions by urban populations and activities. There is no
adequate information to provide an accurate picture on the
role of equity in determining different levels of emissions
among demographic sectors of an urban area. Yet, some
examples can be used to draw preliminary conclusions.
According to a study on the per capita emissions footprints
of single-person households in Germany, Norway, Greece
and Sweden, on average men consumed between 6 per cent
(Norway) and 39 per cent (Greece) more energy than
women, and this gender difference is independent of income
and age.“° The per capita emissions of Dharavi, a predomi-
nantly low-income, high-density inner-city neighbourhood of

Box 1.3 Mexico City: Environmental degradation and vulnerability

The water management system of Mexico City has developed features which do not allow it to
cope with floods and droughts. It is overexploiting not only its water resources by between
19.1 and 22.2 cubic metres per second, but also the water of two providing basins (Lerma and
Cutzamala). According to projections where no consideration is given to global warming,
between 2005 and 2030 the population of Mexico City will increase by 7.5 per cent, while

between 2007 and 2030 available water will diminish by | 1.2 per cent. The situation might get
worse if, as expected, climate change brings lower precipitation to this area. Those water users
who already face recurrent shortages during the dry season, or when droughts hit Mexico City,
will be especially affected. For example, 81.2 per cent of people affected by droughts during
1980 to 2006 live in Netzahualcoyotl, one of the poorer municipalities of the city.

This overexploitation of water resources creates two sources of vulnerability: first,
problems of water availability (scarcity) that make water users (especially poor sectors already
facing scarcity) vulnerable to the changes in the availability of water that are expected from
climate change. Second, groundwater levels are continuously falling, which historically has
caused subsidence (and continues to do so in some areas), thus undermining the foundations of
buildings and urban infrastructure and increasing the vulnerability of these areas and the
populations within them to such hazards as heavy earthquakes and rains.

Source: Romero Lankao, 2010

Mumbai (India), are a tiny fraction of the per capita
emissions of high-income districts of Mumbai, where a high
proportion of the population commutes to work by car.*!

According to human ecologists, the size, growth,
structure and density of population are key determinants of
cities’ GHG emissions and other environmental impacts.*? A
negative correlation exists between population density and
atmospheric GHG emissions; for instance, a 1 per cent
increase in the density of urban areas would relate to approx-
imately 0.7 per cent decline in carbon monoxide (CO)
pollution at the city level, with other factors held constant.*®
Spatially compact and mixed-use urban developments have
significant benefits in terms of GHG emissions.* However,
attention also needs to be given to other explaining factors,
such as land-use patterns and the layout of the transporta-
tion system.*® Furthermore, urban density poses a dilemma:
while ‘tailpipe emissions and fossil-fuel consumption are
greatly increased with urban sprawl’, levels of human
exposure to emissions of other pollutants (e.g. nitrogen
dioxide) might actually increase with density if no measures
are undertaken to reduce atmospheric emissions.*® The
implications of urban form on climate change mitigation and
adaptation are discussed in Chapters 5 and 6.

Urban vulnerability and ‘resilience’

As described above, urban settlements are already at risk
from sea-level rise, droughts, heat waves, floods and other
hazards that climate change is expected to aggravate. Yet, a
focus on the exposure to these hazards alone is insufficient
to understand climate change impacts upon urban centres,
their populations and economic sectors. Attention to urban
resilience, development, socio-economic and gender equity,
and governance structures as key determinants of adaptive
capacity and actual adaptation actions is also necessary.
Many scholars and practitioners view resilience in the
context of responses to hazards and recovery from
disasters.*’ In this view:

* (Cities can increase or reduce the impacts of such hazards
as floods and heat waves as a result of their socio-environ-
mental history. Urban activities invariably alter their
environment, but two results are possible: environmental
degradation and reduced resilience (see Box 1.3), or
urban populations’ growing ability to repair damage,
sustain the environment and increase cities’ resilience.*®

e Urban populations and the different tiers of government
responsible for their well-being are resilient if they are
able to build capacity for learning and adaptation, and
even capitalize on the learning opportunities that might
be opened by a disaster. The urban populations of
Dhaka and other human settlements of Bangladesh offer
an example of this (see Box 1.4).

The significance of urban vulnerability and adaptive capacity
to climate impacts can be analysed on at least two distinct
levels: from the perspective of the city as a whole and the
way in which it develops; and from the perspective of the
city as it can be broken down to reveal its different socio-



demographic groups’ access to the determinants of adaptive
capacity.

m Urban development can bring increased
vulnerability to climate hazards

The concentration, in urban centres, of people and their
homes, infrastructure, industries and waste within a
relatively small area can have two implications for the urban
impacts of climate change and other stresses. On the one
hand, urban areas can be dangerous places in which to live
and work; their populations can be very vulnerable to
extreme weather events or other hazards, with the potential
to become disasters. For instance, the urban concentration
of these elements can generate risk when residential and
industrial areas lack space for evacuation and emergency
vehicle access (as in the case of slums), when high-income
populations are lured by low-lying coastal zones or green
areas (as in California or Florida in the US, or Melbourne,
Australia), or when lower-income groups, lacking the means
to access safer land, settle on sites at risk from floods or
landslides (as in Rio de Janeiro in Brazil, Mumbai in India and
many urban centres in developing countries).

Urban settlements can increase the risk of ‘concaten-
ated hazards’.* This means that a primary hazard (heavy
storm) leads to secondary hazard (e.g. floods creating
contamination of water supplies, or landslides destroying
houses and infrastructures). Industrialization, inadequate
planning and poor design are key determinants of secondary
or technological risks. As illustrated by Bogotd (Colombia),
Buenos Aires (Argentina) and Santiago (Chile), the popula-
tions of many cities are already at risk from exposure to high
levels of pollution, exceeding World Health Organization
(WHO) standards in particulate matter and nitrogen dioxide
concentration in the air.*% It is possible that the impacts of
climate hazards such as heat waves will overlap with pollu-
tion events and the urban heat-island effect, and compound
one another, making urban disaster risk management even
more complex.

On the other hand, the same concentration of people,
infrastructure and economic activities in urban centres also
means economies of scale for many of the measures that
reduce risks from extreme weather events. These economies
of scale might manifest themselves in a reduced per capita
cost of better watershed management, warning systems and
other measures to prevent and lessen the risks when a disas-
ter threatens or occurs. Furthermore, when provided with
policies focused on enhancing sustainability and moving
from disaster response to disaster preparedness, urban
settlements can increase their effectiveness at coping with
climate hazards.

Exposure to current climate hazards is, for many
cities, a result of historical location factors and a long devel-
opment process. Many cities have developed without consid-
eration of the risks that climate change will induce. Most
large cities have been built on sites that were originally
chosen for trade or military advantage (e.g. Shanghai, China;
New York, US; Cartagena, Colombia; and Cape Town, South
Africa). In the majority of cases, this has meant that they
were located on the coasts or near the mouths of major
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Box 1.4 Capacity to learn and adapt in Bangladesh
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Bangladesh is situated in an area at risk from tropical storms, whose intensity and frequency
have increased over the last years. A hurricane hit Bangladesh in 1991 killing at least 138,000

people and leaving as many as |0 million people homeless. Serious efforts have been

undertaken, promoted by local and national governments and international organizations, to

decrease the risk from tropical cyclones in the area. These efforts have included the develop-

ment of an early warning system and the construction of public shelters to host evacuated

people. These improvements were tested in 2007, when between 8 and [0 million Bangladeshis

were exposed to Sidr, perhaps the strongest cyclone to hit the country since 1991.There was a
32-fold reduction in the death toll (i.e. 4234 people compared to 138,000) and Bangladesh’s
capacity for learning and adaptation was proven (see also Boxes 4.4 and 6.2).

Source: Paul, 2009

rivers where trade by sea with other coastal cities or by
rivers with the interior hinterlands could best be accom-
plished. These urban centres then became the hubs of trade
for their countries and, as such, greatly increased their
wealth.

As this wealth continued to build, further develop-
ment was fuelled and these areas became engines of
economic growth for their countries, attracting more capital
from private-sector investment and labour migration from
rural areas and immigration from other countries. The
movement to urban centres continues today and these areas
have become magnets of industry and labour without regard
to the many environmental risks that are endemic to these
areas and the mounting hazards resulting from climate
change.

m Why are some sectors of the population
more vulnerable?

Not all demographic segments of the urban population are
equally affected by the hazards aggravated by climate
change. The capacity of different urban populations to cope
or adapt is influenced not only by age and gender, but also by
one or a combination of some or many factors®' (see Chapter
4). These factors include:

e Labour, education, health and the nutrition of the
individuals (human capital). As a critical asset, labour is
linked to investments in human capital. Health status
determines people’s capacity to work; education and
skills determine the returns from their labour.

* The financial resources available to people (savings,
supplies of credit — i.e. financial capital).

o The extent and quality of infrastructure, equipment and
services (physical capital), some of which are owned by
individuals (e.g. housing).

e Stocks of such environmentally provided assets as soil,
land and atmosphere (natural capital). In urban areas,
land for shelter is a critical productive asset.

* The quality and inclusiveness of governance structures
and community organizations that provide or manage
safety nets and other short- and longer-term responses,
or social capital — an intangible asset defined as the
rules, norms, obligations and reciprocity embedded in
social relations and institutional arrangements.
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measures that
reduce risks from
extreme weather
events

When provided with
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enhancing
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moving from
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Wealthy individuals and households have many of the
requirements for higher adaptive capacity. They have more
resources to reduce risks — that is, safer housing, more stable
jobs, safer locations to live in, and better means of protecting
their wealth (e.g. insurance of assets that are at risk).
Wealthier groups often have more influence on public
expenditures. In many urban areas, middle- and upper-
income groups have been the main beneficiaries of
government investment in such determinants of adaptive
capacity as infrastructure and services. If government does
not provide these, higher-income groups have the means to
develop their own provisions for water, sanitation and
electricity, or to move to private developments which
provide them. Wealthier groups, therefore, have higher
adaptive capacity.

Although systematic evidence of the gender implica-
tions of climate change at the city level both among wealthy
and poor sectors and countries is still lacking,** some
evidence points to the fact that gender gaps exist in access to
such assets and options as credit, services, education, infor-
mation, decision-making power and technology. For
instance, in sub-Saharan Africa, 84 per cent of women'’s non-
agricultural employment is informal (compared to 63 per
cent of men’s).> The informal sector is also important in
capital and large cities, where more than half of all women
are employed in the informal sector (except in South Africa
and Namibia), although informal employment is actually
higher in small cities and towns and rural areas.>* Due to this
situation, women do not have adequate livelihood options
and can be particularly vulnerable to disasters. As illustrated
by Hurricane Mitch in Honduras and floods in Dhaka,
Bangladesh, disaster warnings often do not reach women or
are not understood by women. Furthermore, in many
instances, women cannot evacuate without the authoriza-
tion of their husbands.

Scattered evidence points to the fact that children are
more at risk of being affected by the adverse impacts of
climate change.® There are several reasons for this: they are
in a stage of rapid development which can be severely inter-
rupted by the stress of severe weather events and climate
hazards. They are relatively more vulnerable to warm spells
and heat waves, heavy precipitation, droughts and other
climate hazards because of their immature organs and
nervous systems, limited experience and behavioural charac-
teristics. This can be intensified by poverty and the difficult
choices that poor households make as they cope with
challenging situations. However, it is also true that ‘with
adequate support and protection, children can be extraordi-
narily resilient’ when faced with hazards and stresses.’

Very elderly men and women can also be at risk, as
illustrated by the high elderly mortality rates in the heat
waves that hit Chicago (US) in 1995 and Europe in 2003.
Indeed, as illustrated by research in the cities of London and
Norwich (UK), the elderly might feel, falsely, that heat waves
do not pose a significant risk to them personally.’® The
elderly can also be limited in their capacity to move rapidly
away from rising floodwaters by their isolation, their health
conditions or their perceptions.

The urban poor tend to be highly vulnerable,
especially in developing countries, and may also fall into

other disadvantaged categories that increase vulnerability by
also being women, very young or very old. Many poor
populations face additional risks: they live in informal settle-
ments, live on floodplains, unstable slopes, over river basins
and in other highly risk-prone areas, or work within the
informal economy. They are also constantly faced with the
possibility that governments may forcibly move them off land
sites deemed to be vulnerable to weather risks, or they may
be moved simply because other actors want the land they
occupy for more ‘profitable’ uses, but with the consequence
that they are also moved away from their means of liveli-
hood.”

Furthermore, poorer groups are most affected by the
combination of greater exposure to a range of other possible
urban hazards (e.g. poor sanitary conditions and lack of
hazard-removing infrastructure such as drainage). They have
less state provision to help them cope, along with less
legal and insurance protection. Low-income groups also
have far fewer possibilities to move to less dangerous sites.
This should not, however, lead to the conclusion that the
poor are merely passive recipients of the risks of climate
change and other hazards. As illustrated by Cavity City in
the Philippines, or the Baan Mankong (‘secure tenure’)
programme in Thailand,% many poor groups have developed
mechanisms to adapt. It just means that the structural
issues referred to here pose severe limits to their coping
mechanisms and create constraints upon their adaptation
options.

CONCLUDING REMARKS
AND STRUCTURE OF THE
GLOBAL REPORT

Urbanization and climate change are sources of both devel-
opmental and environmental challenges and opportunities.
Industrialization and urbanization have been critical compo-
nents of rapid economic growth and of technological
changes that have contributed to improvements in the
economy and the quality of life of many urban populations
around the world. Both have also helped to decrease the
carbon intensity and increase the efficiency of production
and consumption. Yet, notwithstanding these socio-
economic and technological achievements, poverty — which
has increasingly been acquiring an urban face — remains a
formidable challenge. ‘The needs remain enormous, with
the number of hungry people having passed the billion
mark.’0! Poverty alleviation thus remains the overarching
priority, especially in developing countries.

Climate change, which is both a developmental and
environmental issue, complicates the picture in several
ways. The impacts of global GHG emissions are currently
manifest in stronger and more frequent floods, droughts and
heat waves, adversely affecting the industries, populations
and governments of many urban centres. Therefore, urban
populations and economic sectors are faced with two
challenges: the need to adapt, at least to some amount of
warming, and the urgency to mitigate the causes of global
climate change.



Urban centres of developed countries and wealthy
sectors within cities of developing countries must play a vital
role in reducing their carbon footprints. Their actions cannot
be reduced to technological fixes aimed at increasing energy
efficiency and reducing the carbon intensity of cars, fabrics,
utilities and other devices. Because goods, services, waste
disposal and transportation are aimed at satisfying urban
markets, the responsibility for the emissions produced in
their manufacture, production and energy expenditures
needs to be allocated to urban consumers, even when these
goods and services are generated outside urban boundaries.
This has very profound implications and difficulties for creat-
ing real mitigation strategies. A call for a change in
consumption patterns and lifestyles away from a focus on
more and bigger is, clearly, fundamental.

Actions to induce changes in the factors shaping
population density, urban form, lifestyles, equity and other
components of urhan development are equally fundamental
for mitigation, adaptation and sustainable development.
Transport strategies, for instance, need to be consistent with
the spatial structures of cities.

Urban development can also be a source of resilience.
Population densities can create the potential for city-scale
changes in behaviour that can mitigate human impacts upon
climate and create opportunities for adaptation to floods,
heat waves and other climate hazards. Properly designed
infrastructure developments can provide physical protection;
well-designed communications and early warning systems;
can help people to deal with disasters; and appropriate urban
planning can help restrict the growth of populations and
activities in risk-prone areas.

Those urban centres with populations lower than
500,000 people will be faced with great difficulties in coping
with the impacts of climate change, given their relatively low
management capacity. However, they can also take advantage
of their relatively small size to redirect their future growth in
more sustainable and resilient ways that reduce their
emission levels to a desired minimum and enhance their
resilience and ability to cope with climate hazards and other
stresses.

This Global Report is organized into seven chapters.
Chapter 2 focuses on the international climate change
framework and the implications, opportunities and
challenges that it offers for urban action. It describes the
process by which climate change became an international
regime: the Climate Convention; the main mechanisms,
instruments and financing strategies of the Climate
Convention; and the main positions of the parties to the
Kyoto Protocol. Aimed at providing policy-makers with a
navigational tool to better steer a course through the
complex universe of climate policy and action, the chapter
presents various components of the multilevel climate
change governance elaborated upon throughout the report
and describes the main actors, components and actions of
climate governance at the international, supra-national
(regional), national, and sub-national levels.

Chapter 3 examines the contribution of urban areas
to climate change. It discusses the main protocols and
methods for measuring GHG emissions and examines trans-
portation, industry, buildings and other sources of GHG
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emissions in more detail. A summary of the scale of urban
emissions and how they vary between countries at different
stages of economic development is provided. The chapter
illustrates how the total volume of emissions is strongly
shaped by such factors as a city’s geographic situation,
demographic situation, urban form and density, and
economic activities. It includes a discussion of both the main
factors and underlying drivers influencing emissions.

Climate impacts and vulnerabilities are the main focus
of Chapter 4. The chapter describes how climate change may
exacerbate the physical, social and economic challenges that
cities are currently experiencing. First describing the physi-
cal climate change hazards facing urban centres, it goes on to
look at how the direct and indirect physical, economic and
social impacts of these changes vary with disparities in exist-
ing vulnerabilities within and across cities, identifying
specific urban populations, regions and cities that are partic-
ularly vulnerable to climate change and the reasons why this
is so. The chapter ends with concluding remarks on the
impact of climate change in cities and the lessons for policy.

Chapter 5 focuses on mitigation, one of the two main
responses to climate change. It describes the mitigation
policy responses and initiatives that are currently taking
place in cities in the areas of urban planning and infrastruc-
ture development, transportation, the built environment and
carbon sequestration. It examines how such strategies and
measures have been undertaken through different modes
and mechanisms of governing (e.g. provision, regulation,
self-governing and enabling), and explores the factors
shaping urban mitigation in institutional, economic, techni-
cal and political terms (e.g. individual and institutional
leadership, knowledge and institutional capacity). Finally,
the chapter provides a comparative analysis of emerging
trends in mitigation responses.

Chapter 6 looks at adaptation to climate change from
the fundamental position that because the international
community has been unable to effectively respond to the
challenge of reducing GHGs to a level that would avoid
dangerous interference with the climate system, adaptation
responses over the next decade will be critical. The chapter
starts by defining urban adaptation and adaptive capacity,
followed by a review of some existing coping and adaptation
experiences by individuals, households, communities and
urban governments, and then examines the relative roles
and potential partnerships between stakeholders, and looks
at some mechanisms for financing adaptation.

Chapter 7 summarizes the key findings and messages
of the report, and proposes a set of integrating themes with
respect to urban areas facing climate change challenges. The
chapter first looks at the constraints and challenges to, and
opportunities from, mitigation and adaptation actions, along
with some of the linkages among drivers and vulnerabilities.
It then goes on to highlight a variety of synergies and trade-
offs between mitigation, adaptation and urban development.
After briefly describing the current state of knowledge along
with the gaps, uncertainties and challenges, the chapter
provides a series of suggestions on future policy directions in
terms of local, national and international principles and
policies to support and enhance urban responses to climate
change.
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CITIES AND THE INTERNATIONAL
CLIMATE CHANGE FRAMEWORK

Responses to the climate change challenge are taking place
within the context of an international framework that shapes
related actions and decisions at all levels." This framework is
defined here as the spectrum of agreements, mechanisms,
instruments and actors governing and driving climate change
action globally. The overall structure of this framework
is complex and multidimensional in that it is comprised
of elements that are quite different and distinct in many
of their functions and approaches, constituencies, scope
and focus.2 While international agreements negotiated
by national governments such as the United Nations
Framework Convention on Climate Change (UNFCCC) and
its Kyoto Protocol remain crucial aspects of the framework,
they are not the only mechanisms governing climate change
action. Other layers of intervention have become equally
important in implementing innovative climate change
responses and policies, including those at the regional, sub-
national and local levels.

Cities have a vital role to play in the implementation
and achievement of commitments within the international
climate change framework. They also stand to benefit from
the opportunities created by this framework for local
responses to climate change. Yet, local-level actors and
authorities often lack an understanding of the nature and
functioning of the various components of the international
climate change framework and how they could utilize these
to enhance their mitigation and adaptation strategies. For
instance, many decision-makers operating at the city level
lack a working knowledge of the opportunities and
constraints associated with international financing options,
including those established as part of the UNFCCC.3 In view
of this, the aim of this chapter is to highlight the key
elements of the international climate change framework and
its effects on interventions at the local level. It is also
intended to frame discussions of climate change conditions,
trends and policies in the rest of this Global Report.

The chapter starts by briefly describing the process by
which climate change emerged as an issue of international
concern culminating in the establishment of the UNFCCC as
the key element of the international regime governing
climate change issues. The core mechanisms, instruments
and financing strategies of this Convention are then
outlined. The Kyoto Protocol is also reviewed as the main

international treaty with legally binding emission reduction
commitments. Subsequently, the key actors, components
and actions of climate governance at the international,
regional, national and sub-national levels are considered.
Finally, the implications of the international climate change
framework for local action at the city level are outlined.

THE UNITED NATIONS
FRAMEWORK CONVENTION
ON CLIMATE CHANGE

Climate change issues have been discussed since the early
19th century (see Table 2.1), but only emerged as an inter-
national policy concern during the 1970s and 1980s when
technological advances allowed scientists to state with more
certainty that atmospheric concentrations of greenhouse
gases (GHGs) were on the rise and that this could have
profound ramifications for the Earth’s climate. Between
1988 and 1990, national governments began to play a
greater role in defining the climate change agenda, and the
Intergovernmental Panel on Climate Change (IPCC) was
established in 1988 to provide them with information on
global warming trends through regular scientific assessments
(see Box 2.1).

The process of formally negotiating an international
climate change treaty started in December 1990, when
the United Nations General Assembly created the Inter-
governmental Negotiating Committee for a Framework
Convention on Climate Change. In 1992, the committee
adopted the United Nations Framework Convention on
Climate Change (UNFCCC) at the United Nations
Headquarters, New York. The UNFCCC, also known as the
Climate Convention, entered into force in 1994 and had
been ratified by 193 countries by October 2010.* The
ultimate objective of the Convention is to stabilize global
greenhouse gas (GHG) concentrations at a level that would
prevent human interference with the climate system.> The
Convention also aims to assist countries, especially develop-
ing ones, in their efforts to adapt to the effects of climate
change.

The Convention’s efforts to curb emissions are
premised on some explicit and implicit norms which have
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and authorities
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functioning of the
various components
of the international
climate change
framework
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increasing the Earth’s surface temperature.

1827  French scientist Jean-Baptiste Fourier is the first to consider the ‘greenhouse effect’ — the phenomenon whereby atmospheric gases trap solar energy,

1896 Swedish chemist Svante Arrhenius blames the burning of fossil fuels producing CO,, the main greenhouse gas, for contributing to climate change.

ment and growth of environmental movements.

1950s  Global warming science grows with increasing information on the impacts of greenhouse gases upon the world’s climate, together with the develop-

1979 First World Climate Conference in Geneva, Switzerland, calls on governments to forecast and prevent potential human-made changes in climate.

1988  The Intergovernmental Panel on Climate Change (IPCC) is established to produce regular scientific and technical assessments of climate change.

March 1994.

1992 The United Nations Framework Convention on Climate Change (UNFCCC) is adopted in New York, US, on 9 May 1992, and enters into force on 21

1997 The Kyoto Protocol to the Convention is adopted at COP-3 in Kyoto, Japan, and enters into force on 16 February 2005.

2001 The Marrakesh Accords, a set of detailed rules for the implementation of the Kyoto Protocol, is adopted during COP-7 in Marrakesh, Morocco.

2007  Negotiations for a new international treaty to take over from the Kyoto Protocol in 2012 begin in Bali, Indonesia, during COP-13. The Bali Road Map,
a two-year process to finalize a binding agreement in 2009 during COP-15,is agreed upon.

for climate change action in developing countries.

2009  The main outcome of COP- 15, the Copenhagen Accord, is a non-binding agreement which seeks to cap the global temperature rise and raise finances

implementation and funding.

2010  The Cancun Agreements are adopted during COP-16 in Canciin, Mexico, containing a package of decisions on mitigation and adaptation targets,

2011 COP-17,Durban, South Africa, 28 November-9 December 201 1.

Sources: Baumert et al, 2005; ICLEI et al, 2009; New Scientist, 2009

become fundamental to the international climate regime.
Chief among these are the principle of ‘common but differ-
entiated responsibilities and respective capabilities’ and the
‘precautionary principle’.® The first recognizes historical
differences in the contribution of developed and developing
countries to climate change, as well as differences in their

Box 2.1 The Intergovernmental Panel on Climate Change

respective economic and technical capacity to tackle these
problems.” In this regard, the Convention places the greatest
responsibility for fighting climate change on developed
countries, given their role in generating much of the GHG
emissions in the past. The second implies that even in the
absence of full scientific certainty, countries are obliged to




anticipate, prevent or minimize the causes of climate change
and mitigate its adverse effects.®

Countries ratifying the treaty are referred to as
‘Parties to the Convention’ and agree to develop national
programmes to slow climate change. ‘Annex I countries
include developed countries that were members of the
Organisation for Economic Co-operation and Development
(OECD) in 1992 and also countries with economies in transi-
tion. These countries are required to provide regular
inventories of their GHG emissions using 1990 as the base
year for these tabulations.? ‘Annex II’ countries consist of
Annex [ countries excluding countries with economies in
transition. These parties are expected to support mitigation
and adaptation activities in developing countries financially
and through the transfer of technology. ‘Non-Annex I
countries are developing countries and are given special
consideration due to their limited capacity to respond to
climate change.'?

The main authority of the Convention is the
‘Conference of the Parties’ (COP), which is comprised of all
parties and meets annually to assess ‘progress made by
Parties in meeting their commitments and in achieving the
Convention’s ultimate objectives’.!! Sessions of the COP, of
which 16 have taken place (by the end of 2010) since the
Convention entered into force in 1994, serve as the main
forums for negotiations between the parties and the
adoption of key decisions and resolutions. This is particularly
important since the Convention mostly contains general
formulations that are deliberately ambiguous to accommo-
date the diverse positions of the parties. The COPs are also
attended by a large number of observers, including intergov-
ernmental, non-governmental and other civil society
observers,'?

The first Conference of the Parties (COP-1) took place
in December 1995 in Berlin, Germany, and expressed
concern about the ability of countries to meet their
emissions targets and commitments. Through the Berlin
Mandate adopted at this meeting, a committee was estab-
lished to negotiate a protocol on climate change by 1997,
including additional GHG emissions reduction commitments
for developed countries for the post-2000 period.'® By the
time COP-2 took place in July 1996 in Geneva, Switzerland,
consensus on the negotiation of a protocol was not yet in
sight and preliminary national communications suggested
that countries were unlikely to meet their emissions reduc-
tion targets (i.e. to return to their 1990 emissions levels by
2000).'* However, the meeting endorsed the Second
Assessment Report of the [PCC, and reaffirmed the need for
legally binding ‘quantified emission limitation reduction
objectives’.!® In 1997, the principles under the UNFCCC
were finally translated into legally binding commitments
through the Kyoto Protocol, which was adopted at COP-3 in
Kyoto, Japan. !0

In addition to its focus on emissions reduction, the
UNFCCC also seeks to support adaptation activities in devel-
oping countries. Accordingly, in 2001, during COP-7 in
Marrakesh, Morocco, three main funding mechanisms for
adaptation were set up under the UNFCCC — namely, the
Special Climate Change Fund, the Least Developed
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Box 2.2 Funding mechanisms of the UNFCCC

Countries Fund and the Adaptation Fund (see Box 2.2).
These are administered by the Global Environment Facility
(GEF), an international partnership between 182 countries,
international institutions, non-governmental organizations
(NGOs), and the private sector to address global environ-
mental challenges. The GEF was established in 1991 as a
pilot programme at the World Bank with UNEP and the
United Nations Development Programme (UNDP) as imple-
menting partners. During the United Nations Conference on
Environment and Development (UNCED) in 1992, it was
restructured to become a separate institution and the main
entity managing the funding mechanisms of the UNFCCC.!”

A key challenge for the UNFCCC is that its main goal
is somewhat ‘indeterminate’. In other words, although it
conveys the long-term goal of reducing emissions, it
cautiously avoids any quantitative expression of it.'® This is
partly because the climate domain is characterized by uncer-
tainties regarding causes, impacts and relationships.
Although the publication of the [PCC’s Fourth Assessment
Report in 2007 signalled that the scientific community has
established with greater clarity that human activities are the
main causal factors of the unprecedented changes in our
climate system, climate science still faces challenges. For
instance, it cannot currently help policy-makers to know,
with absolute certainty, how much is too much (e.g. what is
the point beyond which emissions are too high). Science also
cannot objectively ascertain at what level human interfer-
ence with climate becomes dangerous. Some form of value
judgement is unavoidable. And value judgements are context
specific, not only because climate impacts differ from place
to place, but also because different people perceive the risks
in diverse ways. '
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Furthermore, because many of the cause-and-effect
relationships are long and potentially irreversible, they
require planning that goes beyond the tenure and even the
lifetime of most current decision-makers and stakeholders.
Complex interdependencies exist between different policy
areas within and beyond climate policy, and the international
community may fail to put in place the unprecedented series
of response mechanisms that are required.?’ The difficulties
related to international climate change negotiations (i.e.
stalled negotiations during most of the COPs followed by
last-minute key decisions by some parties) further complicate
the operationalization and implementation of the UNFCCC.

THE KYOTO PROTOCOL

The Kyoto Protocol was adopted on 11 December 1997 in
Kyoto, Japan, during COP-3, and entered into force on 16
February 2005. By the end of 2010, the protocol had been
ratified by 191 countries.?! While the protocol holds in
common the objective and institutions of the UNFCCC, the
two differ in that the protocol is a binding agreement which
commits developed countries to stabilize their GHG
emissions, while the Convention only encourages the
same.?? Key decisions and resolutions on the implementation
of the Kyoto Protocol’s provisions are taken during the
Meeting of the Parties to the Kyoto Protocol (MOP), which

Box 2.3 Flexible mechanisms under the Kyoto Protocol

occurs in conjunction with the meetings of the COP to the
UNFCCC.% The rules for implementing the protocol were
spelt out in the Marrakesh Accords adopted in 2001 at COP-
7 in Marrakesh, Morocco.?*

According to the protocol, developed countries
commit to reduce their overall GHG emissions by at least 5
per cent below 1990 levels during the commitment period
from 2008 to 2012.%° They submit annual emission invento-
ries and national reports at regular intervals and a comp-
liance system is in place to assist countries to meet their
targets. Some developed countries rejected the protocol but
are developing alternative regulatory approaches.?® Devel-
oping countries have also ratified the protocol but do not
need to limit or reduce their emissions. In addition to reduc-
ing emissions, the Kyoto Protocol also seeks to assist
vulnerable developing countries to adapt to the adverse
effects of climate change, primarily through the Adaptation
Fund (see Box 2.2). During COP-16 (in Canctun, Mexico) a
decision on binding emissions targets for a ‘second commit-
ment period’ (i.e. beyond 2012) was deferred to a future
date.

Before its adoption, negotiations of the Kyoto Protocol
were stalemated over two critical issues. First, developed
countries were in disagreement regarding mitigation targets.
The European Union (EU) supported a 15 per cent reduction
in GHG emissions below 1990 levels; the US and Australia
proposed lower targets; and Japan’s position was somewhere
in the middle. To deal with these differences, diverse
emissions targets were set, ranging from a 10 per cent
increase for Iceland to an 8 per cent reduction for Germany,
Canada and other countries.?’ Rather than being based on
what the scientific community would consider necessary to
stabilize emissions at current levels, or reflecting the levels
of reductions that countries could achieve, emissions targets
were the outcome of tough bargaining in closed-door
sessions between representatives of the US, the EU and
Japan during the final hours of COP-3 in Kyoto, Japan.??

Second, the flexibility of implementation mechanisms
was an issue of contention. While developing countries and
the EU supported domestic action as the main means to
achieve emissions reduction targets, the US and some indus-
tries (mostly from the energy sector) argued that developed
countries could achieve their targets through emissions-
abatement projects in other countries or through emissions
trading. Thus, although countries are expected to meet their
mitigation targets primarily through national programmes,
the Kyoto Protocol enables them to cut their emissions
through three flexible mechanisms — namely, the Clean
Development Mechanism (CDM), joint implementation and
emissions trading (see Box 2.3).

Despite already contributing to emissions reductions
globally, the flexible mechanisms have also been criticized.
For instance, CDM has been criticized for simply moving
emission reduction activities and their socio-economic and
environmental impacts to where it is cheapest to make them,
which normally means a shift from developed to developing
countries.? Also, the CDM is not necessarily able to deliver
the promised development dividends to the host country.3?
Emissions trading has been critiqued for allowing developed
countries to earn emissions reduction credits primarily



through trading rather than through cutting their domestic
emissions. It also encourages developed nations to avoid
their obligation to develop pollution reduction innovations to
enable developing countries to increase production while
limiting pollution.3!

In an effort to create a framework of action for the
period after the end of the current commitment period of
the Kyoto Protocol in 2012, the Bali Road Map was adopted
in 2007 during COP-13 to finalize a binding agreement in
2009 during COP-15 in Copenhagen, Denmark. However
(and as was the case with the negotiations within both the
UNFCCC and the Kyoto Protocol, and despite two years of
advance work initiated by the Bali Road Map), little progress
was made during two weeks of negotiations in Copenhagen.
With time running out, the US forged the Copenhagen
Accord, a ‘non-binding’ agreement that all but a handful of
parties accepted. While the Copenhagen Accord succeeded
in forging agreement on the need to address climate change,
it is viewed as a major compromise that emerged due to the
failure of countries to agree on a binding agreement to
govern emissions reduction in the post-Kyoto period.

In contrast, the latest meeting, COP-16 in 2010
(Canctn, Mexico) has been dubbed a ‘beacon of hope’ that
has restored faith in international climate change negotia-
tions. While an agreement for the post-Kyoto period was not
reached, the adoption of the ‘Canctin Agreements’, a
package of decisions on adaptation and mitigation targets,
implementation and funding, has managed to ebb some of
the pessimism that emerged following COP-15. In addition
to encouraging countries to push their emissions reduction
targets over and above the commitments within the Kyoto
Protocol, the Canclin Agreements establish mechanisms
such as the Green Climate Fund, the Cancin Adaptation
Framework and the Climate Technology Centre and Network
to strengthen climate change action.?

The next Conference of the Parties will take place in
2011 (28 November to 9 December in Durban, South
Africa) and an attempt to forge a binding agreement for the
post-2012 period will once again be made. However, it
remains uncertain whether the international community will
be able to reach a legally binding agreement to replace the
Kyoto Protocol. The continued delay in reaching such an
agreement is expected to have serious negative conse-
quences for global emissions reduction efforts.33

Despite its significance as the main binding agree-
ment between parties, the Kyoto Protocol has been criticized
on a variety of grounds. Some argue that it imposes high
burdens on developed countries, while others suggest that it
provides ineffective incentives for participation and compli-
ance. Yet others point out that it creates modest short-term
climate benefits while failing to provide a long-term solution.
Indeed, numerous alternatives to the protocol have been
suggested to address these shortcomings.3* The existence of
a set of initiatives parallel to the Kyoto Protocol is a sign of
the fragmented nature of the international climate change
framework and has led to an extensive debate on how to
continue the negotiation of future treaties. The majority of
policy proposals still support a universal framework of
climate governance, while other recent proposals implicitly
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create the possibility of further institutional fragmentation of
this framework (e.g. starting a bottom-up process in which
countries would put on the table acceptable measures in line
with national circumstances).%

OTHER CLIMATE CHANGE
ARRANGEMENTS

Although international climate change negotiations between
national governments remain crucial, the last two decades
have witnessed the multiplication of other regional, national
and local (e.g. city) mechanisms and actors responding to the
climate challenge. These include initiatives of multilateral
and bilateral entities, sub-national tiers of government, grass-
roots groups, private enterprises, NGOs and individuals. This
section describes the role of these in curbing GHG emissions
(mitigation) and in climate change adaptation. Furthermore,
it examines the levels at which these actors operate and
outlines some of the actions, initiatives and instruments that
they have developed and implemented to date.

International level

A number of actors are actively developing strategies for
climate change adaptation and mitigation at the international
level, including the United Nations, multilateral and bilateral
agencies. These initiatives are mostly designed to support
the implementation of the commitments of the Kyoto
Protocol as the main international treaty for climate change.
Although a multitude of international actors are currently
active in responding to climate change, many of their
strategies, programmes and actions have evolved in isolation
from each other. The lack of a clear division of responsibili-
ties between the numerous international actors has led in
some cases to overlapping functions, conflicting mandates
and blurred objectives, and in other cases to constructive
collaboration.%¢ In turn, this has implications for the extent
to which city authorities are able to make use of interna-
tional funds and programmes to implement local adaptation
and mitigation initiatives.

m The United Nations

The United Nations is one of the key climate change actors
at the international level. In addition to its work through the
UNFCCC and the IPCC described earlier, a number of its
programmes and other entities are contributing to the global
response to climate change. Since 2007, the UN has
embarked on an initiative to ensure better coordination of its
response to climate change. Towards this end, five focus
areas were defined and convening UN entities identified for
each focus area (see Table 2.2). Some additional cross-
cutting areas were also identified, including climate science
and knowledge and public awareness.3” This approach is
intended to minimize duplication of activities across various
entities, thereby making the UN’s work on climate change
more effective and efficient.

UNEP is one of the organizations which has played
a pivotal role in action on climate change, having jointly
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Focus area Convening United Nations entities

Adaptation

High-level Committee on Programmes of the Chief Executive Board of the United Nations

Technology transfer
Social Affairs (UNDESA)

United Nations Industrial Development Organization (UNIDO) and United Nations Department for Economic and

Reduction of emissions from
deforestation and degradation
(REDD)

United Nations Development Programme (UNDP), the Food and Agricultural Organization (FAO) and the United
Nations Environment Programme (UNEP)

Financing mitigation and
adaptation action

UNDP and the World Bank group

Capacity-building UNDP and UNEP

Source: UN, 2008

established the IPCC with the World Meteorological
Organization (WMO) in 1988 and actively engaged with
adaptation and mitigation efforts since then.3 In addition to
a wide range of activities on the urban environment, UNEP
is also implementing climate change-related activities
within the context of cities through its Campaign on Cities
and Climate Change. This campaign aims to enable cities to
fruitfully engage in the global climate debate and reduce
their GHG emissions.*’

The WMO - which is the UN specialized agency for
weather, climate, hydrology and related environmental
issues — has led the process of generating scientific evidence
and knowledge on climate change trends and has been the
principal provider of the information underlying the IPCC’s
assessment reports (see Box 2.1). The WMO has also been
issuing ‘annual statements on the status of the global
climate’ to document extreme weather events and provide a
historical overview of climate variability.*?

Box 2.4 UN-Habitat’s Cities and Climate Change Initiative

As the agency with a mandate to foster sustainable
urbanization, the United Nations Human Settlements
Programme (UN-Habitat) is well positioned to address
climate change issues specifically within the urban context.
In 2008, UN-Habitat launched its Cities and Climate Change
Initiative to enhance the adaptive capacities and responsive-
ness of local governments in developing countries to climate
change, as well as to support their efforts at reducing green-
house gas emissions (see Box 2.4).

Different UN entities have also been collaborating in
the area of climate change. A case in point is the joint estab-
lishment of the United Nations Collaborative Programme on
Reducing Emissions from Deforestation and Forest Degrad-
ation in Developing Countries (UN-REDD) in 2008 by UNER,
UNDP and the Food and Agriculture Organization (FAO).*!
Furthermore, UN agencies frequently implement climate
change activities jointly with a number of partners outside
the UN system. One example is the collaboration between
UN-Habitat, UNEP and the World Bank to establish the
International Standard for Determining Greenhouse Gas
Emissions for Cities, a common standard for measuring
emissions from cities (see Box 2.5).42

The UN has also been playing a leading role in terms
of disaster risk management, which is fundamental to
climate change adaptation efforts. The International Strategy
for Disaster Reduction (UNISDR), which was adopted in
2000, is a system of partnerships between local, national,
regional and international organizations with the overall
objective of supporting global disaster risk reduction.
UNISDR functions as the United Nations focal point for the
coordination of disaster reduction. It is also tasked to
mobilize political and financial commitments to implement
the Hyogo Framework for Action 2005-2015, the main
international agreement which lays out principles and priori-
ties for global disaster risk reduction action, though it is not
legally binding.** The ‘urban agenda’ is receiving greater
attention in the work of the UN on disaster issues, with the
UNISDR launching a campaign on Making Cities Resilient:
My City is Getting Ready in 2010 to urge mayors and local
governments to commit to making their cities more resilient
to disasters, including those related to climate change.**

On the whole, the UN has been performing a crucial
role in steering and coordinating climate change action inter-
nationally. It has also been at the forefront of generating
scientific knowledge on climate change to support interna-
tional negotiations and evidence-hased policy-making. The
initiative to harmonize the work of various UN entities on



climate change since 2007 is expected to further consolidate
the organization’s leading role in guiding the global response
to climate change.

m Other multilateral organizations

Other multilateral institutions are playing an increasingly
important role in climate change adaptation and mitigation
at various levels. For instance, although it was thought that
climate considerations were marginal for multilateral devel-
opment banks in the past, this has been changing in recent
years.*> The World Bank Group is one such actor that has
been reinforcing its engagement with climate change issues
(see Box 2.6). This includes working directly on climate
change issues within the urban context. The World Bank
Institute is implementing city-focused climate change activi-
ties specifically in four areas: South-South learning between
cities; city-level networks and knowledge platforms; knowl-
edge exchange and structured learning; and customized
support to selected cities.*0 Furthermore, under its Carbon
Finance Assist Programme, which aims to enhance the
capacity of developing countries to engage fully with the
flexible mechanisms of the Kyoto Protocol (see Box 2.3), the
World Bank has further initiated a twinning initiative for
climate change knowledge-sharing between cities and a
Carbon Finance Capacity Building programme for emerging
megacities.*’ This programme seeks to promote the role of
carbon finance for sustainable urbanization and poverty
reduction.*® In addition, in 2009, the World Bank estab-
lished a Mayors’ Task Force on Urban Poverty and Climate
Change during COP-15 in Copenhagen, Denmark, and
intends to prepare a Mayor’s Handbook on Adaptation.®

The regional development banks are also key multilat-
eral actors responding to climate change. In 2007, the Asian
Development Bank established the Clean Energy Financing
Partnership Facility to enhance energy security and to abate
climate change in developing member countries. Potential
investments under this facility include those related to
developing and promoting clean energy technologies, includ-
ing for low-income groups. By 2010, the funds for this
facility had reached US$44.7 million.> In 2009, the Inter-
American Development Bank launched the Sustainable
Energy and Climate Change Fund with a total annual contri-
bution of US$20 million. The fund aims to support
sustainable energy initiatives and innovations, as well as
responses to climate change in Latin America and the
Caribbean.’! Elsewhere, the European Investment Bank,
whose lending activities focus mainly on EU member states,
has been a key player in supporting climate change
responses through mitigation, adaptation, research, develop-
ment and innovation, technology transfer and cooperation,
and support for carbon markets.>?

The OECD is another multilateral organization which
has been working on climate change issues for almost three
decades, particularly on economic and policy analysis. With
respect to climate change issues in cities, the OECD aims to
support climate-sensitive local and regional development
policies. Accordingly, it has published a number of reports on
this subject analysing the linkages between climate change
and urban development.®® The organization intends to
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Box 2.5 International Standard for Determining Greenhouse

Gas Emissions for Cities

continue its work on climate change in the urban context
with a focus on the impacts of green growth and the effect of
urban spatial form on GHG emissions.>*

[n sum, multilateral actors are playing an increasingly
important role in supporting climate change responses. They
have especially become a prominent source of financial and
technical assistance for climate change action in developing
countries.

Box 2.6 Climate change initiatives at the World Bank
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m Bilateral organizations

A number of bilateral initiatives to address climate change
have emerged over the past few years, although less atten-
tion has been given to financial flows emanating from these
initiatives.>® For instance, one of the largest funds of this
type is Japan’s Cool Earth Partnership, established to support
climate change mitigation and adaptation, as well as access
to clean energy in developing countries for the period of
2009 to 2013. The fund is worth US$10 billion, with the
bulk of it (80 per cent) allocated for activities related to the
reduction of GHG emissions rather than adaptation. Another
such fund is the UK’s Environmental Transformation Fund —
International Window, launched in 2008 to support develop-
ment through environmental protection and climate change
adaptation in developing countries. US$1.6 billion was made
available for this fund. The International Climate Protection
Initiative of Germany, launched in 2008, is a mechanism for
financing climate change projects and is funded from the
sale of emissions certificates. The focus is on developing,
newly industrializing and transition countries. Since 2008,
181 projects worth a total of €354 million have been
launched.

The EU, another major bilateral actor, works on
climate change issues mainly through the Global Climate
Change Alliance, an initiative launched in 2007 to support,
through direct financial and technical assistance, adaptation
and mitigation activities mainly in the least developed
countries and the small island developing states. The alliance
also seeks to strengthen dialogue between these countries
and the EU on climate change issues in the context of inter-
national negotiations.>® The EU earmarked an initial €90
million for the work of the alliance between 2008 and
2010.%7 The work of the alliance is organized around five
priority areas — namely, adaptation; reducing emissions from
deforestation and degradation; enhancing the participation
of developing countries in CDMs; promoting disaster risk
reduction; and mainstreaming climate change into poverty
reduction strategies.*®

While bilateral funds such as the ones described
above are actively supporting climate change responses in
developing countries, most are considered to be part of
donors’ official development assistance. Questions have
arisen as to whether this is the best approach for bilateral
assistance and whether traditional development aid agencies
are best placed to dispense such funds. Furthermore, some
of the funds are loans that need to be repaid by recipient
countries rather than grants.*

m Regional (supra-national) initiatives

Arrangements for climate change action have also been
emerging at the regional level. One example is the Asia-
Pacific Partnership on Clean Development and Climate.
Launched in 2006, this is a partnership between seven major
Asia-Pacific countries (Australia, Canada, China, India, Japan,
the Republic of Korea and the US), all of which are among
the world’s top GHG-emitting countries. These countries are
cooperating to respond to the challenge of increased
demand for energy and the related problems of air pollution,
energy security and climate change.’ The partnership

differs from the UNFCCC and the Kyoto Protocol in its focus
on voluntary approaches and technological cooperation,
rather than on binding emissions targets.

Another example, the European Emissions Trading
Scheme, became operational in 2005 and is the largest
multinational GHG emissions trading scheme in the world,
involving 25 countries. It is designed to assist countries to
meet their emission reduction commitments under the
Kyoto Protocol. The scheme limits the amount of CO, that
can be emitted from large industrial facilities, such as power
plants and carbon-intensive factories. It covers almost half
(46 per cent) of the EU’s CO, emissions. Countries are
allowed to trade amongst themselves and in validated credits
from developing countries through the CDM of the Kyoto
Protocol.®! The first phase of the scheme ran from 2005 to
2007, and the second runs from 2008 to 2012. Because all
EU member states have ratified the Kyoto Protocol, the
second phase of the scheme was designed to support the
Kyoto mechanisms and compliance period. The scheme is
expected to account for around two-thirds of the overall
emissions reductions which the EU plans to achieve by
2020.%% However, there has been some concern that the
entirety of the emissions reductions required in the second
phase could be met through various activities outside of the
EU itself instead of through domestic reductions.%

National level

The sustained attention of policy-makers, scholars and the
media to climate policies at the international level has led
them to focus less on other levels of intervention, such as
the national level.* National governments have the primary
responsibility for signing international agreements, curbing
GHG emissions and responding to climate-related disasters.
So far, their actions have focused mainly on mitigation
efforts in a few energy-intensive sectors (e.g. energy, trans-
portation and the built environment); but adaptation actions
have recently gained growing attention.

Some countries such as the US and China have been
relatively less supportive of international climate policies,
but have established rather robust national climate change
initiatives. Other countries such as the UK and Germany
have been key promoters of climate policies and have intro-
duced an array of policies to achieve long-term reductions.
For instance, Germany has an integrated set of ‘ecotaxes’ to
foster alternative energy development and to discourage
fossil fuel consumption. The UK has designed a mixed set of
regulatory and taxation mechanisms (e.g. a levy on carbon-
based electricity generation) that supports energy-efficient
and renewable energy programmes.

Yet, even climate champions such as the UK and
Germany face challenges complying with their carbon reduc-
tion targets. For instance, by 2004 it was clear that the UK’s
Climate Change Programme, introduced in 2000 to meet the
country’s Kyoto target, would not achieve its mitigation
targets because GHG emissions had been growing at 2 per
cent annually from 2002.5° A review of the programme was
thus launched and a revised programme introduced in 2000.
Furthermore, national mitigation strategies as well as adapta-



tion and disaster management plans often omit urban areas®
and lack an in-depth understanding of the relevant social
science necessary to achieve an integrated assessment of the
linkages between climate change and development,% and to
undertake that assessment in such a way that stakeholders
participate effectively and meaningfully.

Developing countries still lag behind developed
countries in terms of climate change action, although an
increasing number are introducing national programmes of
action on climate change. For instance, in 2008, India intro-
duced its first National Action Plan on Climate Change
outlining a number of core missions running through to
2017.%8 According to the plan, the country aims to dramati-
cally increase the use of solar energy and enhance energy
efficiency, including within the context of urban areas.
In this respect, the plan aims to make ‘habitat sustainable
through improvements in energy efficiency in buildings,
management of solid waste and modal shift to public
transport’.%” Mexico’s Climate Change Programme aspires to
achieve 50 per cent reductions in greenhouse gas emissions
by 2050, while also seeking to reduce the vulnerability of
human and natural systems to the effects of climate change
during this period.”® China’s National Climate Change Prog-
ramme states that ‘China will achieve the target of about 20
per cent reduction of energy consumption per unit GDP
by 2010, and consequently reduce CO, emissions’.”! It also
outlines a number of actions and targets to enhance
adaptation to climate change, including through protecting
ecosystem resources such as grasslands, forests and water
reserves.’?

Generally, there has been greater focus on mitigation
than adaptation responses in developing countries, although
the latter will be strengthened vis-a-vis the National
Adaptation Programmes of Action (see Box 2.2). Further-
more, while developing programmes of action clearly
demonstrate ‘intent’ to take action on the part of developing
countries, numerous constraints may hinder the achieve-
ment of mitigation and adaptation targets, as elaborated
upon in Chapters 5 and 6 of this Global Report.

State/provincial level

National governments are not able to meet their interna-
tional commitments for addressing mitigation and adaptation
without localized action. This is not only because GHG
emissions originate in activities and processes taking place at
the sub-national level (e.g. states/provinces, municipalities
and urban centres), but also because many impacts of
climate change are locally felt. Already, sub-national govern-
ments at the state/provincial level are playing an increasingly
important role in climate change mitigation and adaptation.
For instance, local authorities in the Federal District of
Mexico City have developed important efforts to curb its
GHG emissions. One of these is the Mexico City govern-
ment, which has prepared the Mexico City Climate Action
Programme for the period of 2008 to 2012. The programme
aims to reduce greenhouse gas emissions, as well as vulnera-
bility to the impacts of climate change, while strengthening
adaptation.”® Policy networks, political leaders and research
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groups have been critical in launching a climate agenda.
Nevertheless, this has not been enough to push effective
policies. Policy-making has been constrained by two sets of
institutional factors: the problem of fragmentation in local
governance and lack of institutional capacity.”

The US offers an example of the multiple interactions
between state/province and national tiers of government.”>
In the absence of federal leadership, state (and local) govern-
ment efforts have become a form of ‘bottom-up governance’
on climate change issues in the US. With its Global Warming
Solutions Act of 20006, California was the first state in the
US to introduce enforceable legislation to curb GHG
emissions (see also Box 5.18). As per this bill, state-wide
emissions are to be reduced to 1990 levels by the year
2020.70 The State of Washington introduced a similar bill in
2008, and even went further to identify emissions limits up
t0 2050.77

A number of other initiatives across different US
states have also emerged. For instance, the Regional
Greenhouse Gas Initiative is a market-based initiative involv-
ing ten north-eastern and mid-Atlantic states to cap GHG
emissions from the power sectors by 10 per cent by 2018.78
Another similar initiative is the US Mayors Climate
Protection Agreement, which has been signed by hundreds
of mayors across the country. The agreement encourages
mayors to work towards achieving the Kyoto Protocol targets
through local action and to urge their state and the federal
government to introduce policies for GHG emissions reduc-
tions.”® The Urban Leaders Adaptation Initiative, whose
partners represent nine US counties and cities (and the city
of Toronto in Canada), aims to assess and project climate
change impacts and support its partners in mitigation and
adaptation activities.®® The initiative is aimed at serving as a
resource for local governments and as a means to empower
local communities to develop and implement climate-
resilient strategies.

Locallcity level

Although the Kyoto Protocol does not explicitly identify a
role for cities and local governments in responding to
climate change, city-level actors are actively participating in
climate strategies, projects and programmes. These include
local authorities, community-based organizations, the private
sector, the academic sector and individuals. Local govern-
ments, for instance, have held municipal leadership summits
parallel to the four COPs of 1993, 1995, 1997 and 2005.
Since 2005, the ‘local government and municipal authorities
constituency’ has operated as an observer in the UNFCCC
negotiations.®! Indeed, ‘compared to national politicians,
city leaders seem willing and able to take action to protect
their cities against these threats and to help make a global
difference’.82

Depending on their national contexts and histories,
city authorities can have a considerable level of influence
over both GHG emissions and adaptation to climate change,
as elaborated upon in detail in Chapters 5 and 6 of this
Global Report. In addition, they are increasingly becoming
involved in international city networks, which represent a
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Box 2.7 Major international city networks and initiatives on climate change
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form of multilevel environmental governance across national
boundaries with the involvement of multiple governmental,
private-sector, non-profit and other civil society stakeholders.
International city networks — associations between cities at
the international level — have been found to be important in
developing the capacity of municipalities because ‘they facili-
tate the exchange of information and experiences, provide
access to expertise and external funding, and can provide
political kudos to individuals and administrations seeking to
promote climate action internally’.® In Sao Paulo, Brazil, for
instance, participation in international municipal networks
was seen as import for two key reasons. First, they provided
the opportunity to ‘join the international task force against
climate change ... bypassing the nation-state with its lack of
both binding international obligations and lack of national

limits upon GHG emission’.2* Second, such networks were
an important source of personal motivation, offering individ-
uals opportunities to engage with broader debates and
keeping them ‘passionate about the topic’.®>

The number of these networks has been on the rise
during recent years, as illustrated in Box 2.7. A number of
the city networks for climate change have global member-
ship, while others such as the Climate Alliance and the Asian
Cities Climate Change Resilience Network have membership
which is restricted to certain world regions. While some of
the networks have been functional since the early 1990s,
others have been launched only recently. In general terms,
most city networks focus on climate change mitigation,
although adaptation has been receiving greater attention
during recent years.




National city networks have also been important in
developing municipal capacity in countries where national
governments have not taken action to address climate
change — for example, the Partners for Climate Protection
programme in Canada, ICLEI's CCP Australia programme
and the US Mayors Climate Protection Agreement. Such
networks have offered political support, additional funding
(paradoxically often derived from national government) and a
means of sharing information. In the case of the US Mayors
Climate Protection Agreement, ‘city representatives often
cited a moral imperative to help other cities by sharing infor-
mation on how best to address climate change ... of city
solidarity’, while ‘friendly competition to be the greenest
city also served to further amplify engagement ... engage-
ment to address climate change ... spread as cities promoted
themselves (and were promoted by policy actors), competed
with each other, and inspired other cities to go green’,%

However, networks have had an uneven impact, with
evidence suggesting that they are more important in devel-
oping the capacity of those municipalities that are already
leading responses to climate change, and that while the
political support and knowledge transfer functions that such
networks perform is valuable, ‘in the absence of the financial
and technological resources to execute programmes, the
power of knowledge can be limited’.®” In effect, networks
appear to be most important for those with a degree of exist-
ing capacity to act, leading to a virtuous circle where
additional resources and support can be accessed. However,
for those without the capacity to access such networks in
the first place, such initiatives may do little to build capacity
to respond to climate change and, in effect, may serve to
concentrate resources and attention on cities that are
already leading the response to mitigating climate change.

[n addition to city authorities, individuals, households
and community-based organizations and other local actors
have an important role to play in both international climate
change negotiations and city-level mitigation and adaptation
activities. These actors are recognized non-governmental
constituencies in the UNFCCC negotiations and processes
(see Box 2.8). As key emitters, the behaviour of these actors
may directly result in the success or failure of mitigation
efforts. Their actions may also be helpful in facilitating coping
responses and in the integration of climate-risk reduction, in
emergency responses to climate hazards and in development
planning. Any efforts that local actors make to support mitiga-
tion, adaptation or emergency preparedness, however, first
needs to be made possible by the existence of infrastructural
support and regulative incentives. For instance, as illustrated
by Dhaka, Bangladesh, and Lagos, Nigeria (see Boxes 6.1 and
6.2), if not supported by broader (governmental) policies and
investments, the responses of local actors can merely reduce
rather than prevent impacts. Manizales, Colombia, and Ilo,
Peru, provide examples of how community-level actors can
implement effective responses.®® In these cities, community-
based organizations have worked together with local
authorities and the academic sector to become vehicles for
more inclusive urban governance, and have implemented
actions to prevent the spread of low-income populations in
dangerous sites. Although these actions were not directly
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Box 2.8 Non-governmental constituencies of the UNFCCC

aimed at addressing climate change risks, such pro-poor and
pro-development policies can enhance adaptive capacity and
resilience to climate hazards.

Although they are a necessary component of success-
ful climate change actions, grassroots actors should not be
idealized. In some cases, their extensive involvement in
these efforts can make things more difficult.®” Sometimes,
for instance, local associations are closely related to the
state, or hold private or sectarian interests that distort local
action. Bringing about change through grassroots efforts is
perhaps most problematic in settlements within countries
that have experienced strong centralized control. As
documented in projects aimed at enhancing local capacity to
respond to floods and other hazards in Guyana and Viet
Nam,? the attempt by the international community to
modify urban governance through funding community-
sponsored development projects runs the danger that local
elites or state agents will hijack the benefits of grassroots
funding.

NGOs are also actively seeking to engage with climate
change issues, as exemplified by the Climate Action
Network, a network of around 500 NGOs working to
promote climate change mitigation.’! However, while NGOs
are plentiful in large cities, they tend to be less common or
even absent from smaller urban settlements. Where present,
local NGOs are well placed to produce, accumulate and
transfer climate change knowledge. As partners in develop-
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ment projects aimed at reducing emissions, capturing carbon
and reducing risk, they are cost effective, increase trans-
parency and accountability to beneficiaries, and strengthen
inclusive governance. However, by increasing their accounta-
bility to upper levels of governance, NGOs can lose their
flexibility and power to contest the decisions of govern-
ments and powerful interests. This can distance them from
grassroots partners, reduce inclusiveness and horizontal
accountability, and, thus, undermine climate change mitiga-
tion and adaptation efforts. On the other hand, when they
can maintain independence, NGOs can enhance climate
change policy efforts by providing a channel for feedback
between the grassroots level and urban government or inter-
national civil society actors.”

In addition to the leading role of the IPCC in consoli-
dating scientific knowledge to inform policy making,
researchers around the world have been generating and
disseminating climate change information including specifi-
cally in relation to cities. A case in point is the Urban Climate
Change Research Network (UCCRN), an international group
of researchers with 200 members from 60 cities globally.%®
UCCRN aims to provide climate change information and data
specifically for urban decision makers and published its first
assessment report on climate change and cities in 2011.%4
The Urbanization and Global Environmental Change project
of the International Human Dimensions Programme, estab-
lished in 2005, is another initiative researching the
interactions between environmental change and urban
processes.”

The private sector also has an important role to play in
efforts aimed at curbing GHG emissions — for example,
through producing more efficient vehicles and utilities,
creating technologies for alternative energy, and construct-
ing controlled wastewater treatment plants.’® A growing
number of private-sector companies are also considering
how to mitigate emissions through transforming their own
work practices. For instance, the Carbon Disclosure Project,
established in 2000, has been reporting on GHG emissions
from some of the world’s largest companies. In 2010, this
project collected data from 4700 of the world’s largest
corporations, on their GHG emissions, the risks and opportu-
nities related to climate change they faced, and strategies
for managing them. This process was supported by 534
investors with assets worth US$64 trillion.?”

With regard to adaptation to climate change, the
private sector has been subject to comparatively little atten-
tion, although it is playing a key role in defining investments
in climate-proofing infrastructures, energy utilities and other
urban sectors. Some specialized investment entities are
already taking positions around climate-related risks via
investments in reinsurance companies, in resource prices
such as oil and gas with the potential to be affected by hurri-
canes, and through participation in alternative risk-transfer
products (e.g. insurance-linked securities such as ‘catastro-
phe bonds’ and ‘weather derivatives’).%® A key concern is
that privatized actions in the area of adaptation may present
a potential conflict of interest with the public good. The role
of private security firms and privatized healthcare during
emergency periods, for instance, requires greater study, with

potentially profound implications for governance in urban
risk management and disaster response. Nevertheless, as
recently emphasized by the executive director of the
UNFCCC:

Traditional thinking would have us believe that
adaptation is the exclusive ambit of the public
sector. This is false on two levels: (1) business
needs to adapt itself, and (2) adaptation holds
investment opportunities for the private
sector%

Indeed, urban capacity to address climate change is increas-
ingly shaped by the presence of more formalized
collaboration between public and private actors.
Partnerships between public, private, civil society and other
actors are becoming critical in building urban capacity to
respond to climate change. For instance, in November 2010,
R20 — Regions of Climate Action, an innovative coalition was
launched to support clean technologies, climate resilient
projects, green investment and also influence national and
international policies. The coalition includes sub-national
government members from developed and developing
countries as well as organizations and individuals from the
private sector, academia, national governments, interna-
tional organizations and civil society.'%

THE POTENTIAL OF THE
INTERNATIONAL CLIMATE
CHANGE FRAMEWORK FOR
LOCAL ACTION

This section briefly reviews the opportunities and challenges
posed by the existing international governance framework
for local action. It also discusses the existing mechanisms
that urban areas could potentially take advantage of, what
constraints exist to the use of these mechanisms by urban
actors, and explains, briefly, some possible ways in which
these constraints could be addressed.

A key factor constraining urban actors’ use of mecha-
nisms within the international climate change framework is
the fact that these mechanisms are primarily addressed to
national governments and do not indicate a clear process by
which urban areas and actors may participate. The related
international structure for climate change financing, in
particular, has been described as ‘diverse and complex, and
not primarily designed for local governments’.!! The
funding mechanisms of the UNFCCC discussed earlier in
this chapter (see Box 2.2) can be used to finance projects
within urban areas, but they are only accessible for urban
actors through their national governments. Even though
national governments represent the interests of their urban
populations in international discussions on allocating respon-
sibility for climate change mitigation, and in developing
international funding mechanisms and institutions to
support adaptation, getting urban priorities moved up on
national agendas can be problematic, at best. For instance,



although National Adaptation Programmes of Action have
been prepared for developing countries under the Least
Developed Countries Fund, there have been few initiatives
for adaptation at the sub-national level.!02

Similarly, emissions trading currently takes place
between countries and groups of countries or tends to target
particular industries, thereby offering limited possibilities for
actions at the urban level. For instance, the European
Emissions Trading Scheme targets carbon-intensive factories
and power plants by capping the amount of CO, that they
emit. While some of these facilities are certainly located
within urban areas, and it may be safe to assume that a large
percentage of their output serves urban needs, local authori-
ties are not generally in direct control of these activities. Of
course, some exceptions exist, where, for instance, an urban
centre owns a public utility, such as one for electricity gener-
ation.

In contrast, CDM offers significant potential for urban
projects in developing countries in such sectors as transporta-
tion, waste and the building industry. Indeed, a recent study
shows that it is one of the international financing mecha-
nisms that city authorities are most aware of. However, urban
CDM:-based projects account for only 8.4 per cent of the total
number of CDM projects registered with the UNFCCC in
2009. Most of these were related to solid waste, with only
two projects related to transport. Furthermore, the majority
of the urban CDM projects are concentrated in a few
countries — namely, Brazil (36 per cent), China (14 per cent),
Mexico (5 per cent) and India (2 per cent).!%

A number of reasons have been identified for the
small proportion of CDM projects being urban based. First,
the responsibility for climate change action is perceived to
lie with national rather than local governments. Second,
city authorities are already overwhelmed by immediate
local challenges and have difficulty justifying climate
change-related projects and expenditures. Third, the
financial resources required for climate change action
(e.g. introducing energy-efficient technology and equipment)
may be absent in developing countries. Fourth, the high
transaction costs associated with project development and
approval by authorities has been identified as an additional
constraint.'% Additional barriers to expanding the use of
CDM in urban areas are considered in greater detail in
Chapter 5 (see section on ‘Financial resources’).

The joint implementation mechanism is very similar
to CDM, but it applies only between developed countries. %%
Since most of the joint implementation projects are in
countries with economies in transition and emissions reduc-
tion activities are generally more expensive in these
countries compared to similar activities in developing
countries, the joint implementation mechanism has been
used far less than the CDM.!% The use of joint implementa-
tion by urban actors has, therefore, also been very limited.

A further major challenge for local authorities to take
advantage of the international climate change framework to
implement climate responses locally is that they are often
overwhelmed by competing priorities. Besides coordinating
policy efforts with organizations and actors at the national
and state/provincial levels to address an array of non-climate-
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related developmental and environmental issues, they now
need to deal with a multitude of issues centring on climate-
related mitigation, adaptation, development, and disaster
preparedness and response. While coping with a myriad of
competing priorities within their boundaries, they also need
to explore ways in which they can better connect to multiple
levels of action and information on climate change, and
know how their issues fit into the larger picture of regional,
national and international climate change issues. In addition,
mismatches exist between climate and local policy-making
timeframes. Given the fact that many of the cause-and-effect
relationships are long term and potentially irreversible, they
require planning that goes beyond the tenure, the adminis-
trative power and even the lifetime of most current
decision-makers and other stakeholders.

Despite the above challenges, local authorities can
coordinate efforts with national and state/provincial authori-
ties to make use of financial resources offered under the
UNFCCC to invest in local mitigation initiatives which offer
high mitigation potentials. These include investments in the
areas of transport, energy generation, waste management
and the like. Local urban authorities and actors can also take
advantage of existing networks and organizations that focus
specifically on enhancing local climate change action at the
city level. Urban authorities could get support from the
UNFCCC to finance adaptation projects, not only through
their national governments, but also through their participa-
tion in various city networks. For instance, the Federation of
Canadian municipalities is working with ICLEI through their
Cities for Climate Protection Campaign (see Box 2.7). A total
of 180 Canadian municipalities are engaged in assessing and
reducing GHG emissions through the campaign.'” Several
initiatives also offer opportunities for urban authorities to
learn from and share climate change best practices and
lessons (see Box 2.7).

Urban authorities may also try to benefit from initia-
tives of multilateral and bilateral organizations seeking to
enhance the capacity of developing countries to take part in
and take advantage of international climate change discus-
sions and the resulting instruments and mechanisms (see
Box 2.7). For instance, The World Bank’s Carbon Finance
Assist Programme seeks to enhance the capacity of develop-
ing countries to engage with the flexible mechanisms of the
Kyoto Protocol.!® Similarly, the Climate Alliance aims to
enhance the participation of developing countries in CDMs.
UNEP’s Campaign on Cities and Climate Change explicitly
seek to support the engagement of cities in international
climate change negotiations and forums.

Local authorities can also seek to harmonize climate
change interventions with existing development interven-
tions and concerns. For instance, mitigation can be
integrated within local development concerns such as
energy security and infrastructure provision. Adaptation
measures can serve and be integrated not only within disas-
ter risk reduction, but also within components of the
development agenda such as land-use planning and access to
watet, sanitation and housing. For instance, existing coping
actions such as community savings networks might be
combined with insurance mechanisms sponsored by NGOs.
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CONCLUDING REMARKS

During the last few decades, climate change has gained
importance as a major 21st-century challenge partly due to
the consolidation of scientific evidence of the contribution
of human activities to global warming. Knowledge — whether
generated by scientific communities or brokered by the
media, scientific entrepreneurs or NGOs at different levels
(from the international to the local) — has been a fundamen-
tal factor shaping climate action at all levels. However, the
move from knowledge to action is not straightforward. The
political mechanisms by which individuals, groups, organiza-
tions and governments translate the scientific knowledge of
climate change into concrete actions have played a critical
role in this regard.

The UNFCCC and the Kyoto Protocol are the key
elements of the overarching framework adopted by world
governments to guide climate change responses globally.
Although the adoption of the Kyoto Protocol was hailed as a
significant milestone and has enabled substantial emissions
reductions since, the failure to reach a legally binding agree-
ment for the period after the end of the protocol’s
commitment period in 2012 is seen as a major failure of
international climate change negotiations.

The UNFCCC and its Kyoto Protocol coexist with a
multitude of parallel initiatives and frameworks operating at
different sectors and spatial levels. Even if national govern-
ments are leading negotiations of climate change agreements
at the international level, mitigation and adaptation activities
are being implemented by numerous other actors at the
regional, sub-national (e.g. state/provincial) and local levels.
The sustained attention of policy-makers, the scientific
community and the media to climate policies at the interna-
tional level has mainly led them to overlook these other
equally important levels of climate intervention.

Local action is indispensable for the realization of
national climate change commitments agreed through inter-
national negotiations. Yet, the international framework
described in this chapter presents both challenges and
opportunities for climate change action at the local city level.
Most of the mechanisms within the international climate
change framework are addressed primarily to national
governments and do not indicate a clear process by which
local governments, stakeholders and actors may participate.
Furthermore, local authorities can quickly be overwhelmed

by competing priorities and therefore may not actively
pursue opportunities offered by the international gover-
nance framework. Thus, in practice, mitigation and
adaptation actions have been by-products of policies
designed to address more pressing local problems or
problems for which there is more pressure by interested
parties. The overall complexity of the international climate
change framework — as well as the multiplicity of related
actors and mechanisms — may further prevent city authori-
ties from benefiting from available opportunities. Also,
administrative structures, party politics, political timetables,
individual ambitions, inertias, and many other institutional
and political constraints need to be overcome, thus requiring
a broader-based institutional capacity for climate action. Its
absence has deterred key mitigation and adaptation efforts.
Yet, in some cases it has become another source of opportu-
nity for state and local actors to fill a leadership gap.

Despite the challenges, the multilevel climate change
framework briefly described in this chapter does offer oppor-
tunities for local action at the city level. While the
proportions remain low, urban-based emissions reduction
projects are being implemented through some of the mecha-
nisms of the UNFCCC (e.g. the CDM). There is also great
potential for expanding such projects given the role of urban
areas in contributing to GHG emissions.! In addition,
today, more urban authorities than ever before participate in
international city networks for climate change adaptation
and mitigation. These urban actors have developed a more
aggressive approach, seeking to secure the economic
competitiveness of their cities and to get a local voice in
international negotiations and organizations.

The crux of the challenge is that actors of climate
change at all levels — including governments, NGOs and civil
society that are, more often than not, preoccupied with
immediate and often localized interests and priorities — need
to move within short timeframes to guarantee long-term and
wide-ranging global interests, which can seem remote and
unpredictable at best. The hope is that a wave of actions
from local actors centring their work at the local level, where
all the impacts of climate change will ultimately be felt, will
join together to create the momentum to build broad-based
support for mitigation and increase adaptive capacity in the
areas and populations that are most vulnerable to the effects
of climate change.
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THE CONTRIBUTION OF URBAN
AREAS TO CLIMATE CHANGE

The allocation of responsibility for greenhouse gas (GHG)
emissions — and, hence, climate change — is an important
global policy debate. Indeed, the importance of responsibil-
ity is explicitly recognized in the United Nations Framework
Convention on Climate Change (UNFCCC) allocation of
‘common but differentiated responsibilities’ among
countries for addressing emissions.! As shown in Chapter 1,
urban areas — which are now home to more than half of the
world’s population — clearly have an important role to play in
facilitating reduced emissions; yet the contribution of urban
areas to emissions is often unclear.

There are several reasons why it is important to
consider the contribution of urban areas to climate change.
First, a range of activities are associated with cities and their
functioning that contribute to GHG emissions. Transport-
ation, energy generation and industrial production within
the territorial boundaries of towns and cities generate GHG
emissions directly. Urban centres rely on inward flows of
food, water and consumer goods that may result in GHG
emissions from areas outside the city. In addition, individuals
consume a range of goods and services that may have been
produced locally or outside the urban area. An analysis of the
relative impacts of these activities is an important step
towards understanding the extent of the contribution of
urban areas to climate change.

Second, measuring emissions from different cities
provides a basis for comparisons to be made and the potential
for inter-urban competition and cooperation. Climate-friendly
development has the potential to attract external investment,
and the growing importance of international urban networks?
provides spaces for learning and knowledge sharing.
Emissions measuring has recently been inserted into global
policy debates. For example, the United Nations Environment
Programme (UNEP), the United Nations Human Settlements
Programme (UN-Habitat) and the World Bank launched an
International Standard for Determining Greenhouse Gas
Emissions for Cities at the World Urban Forum in Rio de
Janeiro in March 2010.3 This standard provides a common
method for cities to calculate the amount of GHG emissions
produced within their boundaries.

Third, an assessment of the contribution of cities to
climate change is a vital first step in identifying potential
solutions. The large and growing proportion of the Earth’s

population living in towns and cities, and the concentration
of economic and industrial activities in these areas, means
that they need to be at the forefront of mitigation. The estab-
lishment of emission baselines is necessary if effective
mitigation benefits are to be identified and applied.

Finally, it is important to highlight the differences
between production- and consumption-based analyses of
GHG emissions. Most assessments of the contribution of
cities — and countries — to climate change have focused on
the emissions that are produced by activities taking place
within given territorial boundaries. However, an alternative
approach is to consider the emissions associated with the
consumption patterns of individuals, recognizing that many
agricultural and manufacturing activities that meet the needs
of urban residents take place outside city boundaries, and
often in other countries. This consumption-based approach
provides an alternative framework for suggesting appropriate
ways of reducing GHG emissions by focusing on consumer
choices as potential drivers for mitigation.

The first two sections of this chapter explain the
scientific and technical basis for measuring GHG emissions
from urban areas. The third section presents findings from a
wide range of urban emissions inventories to show how
these vary from place to place, while the fourth section
describes the factors influencing emissions at the urban
level. Finally, the chapter examines different approaches to
measuring GHG emissions and shows that the simple analy-
ses that have been frequently used until now are no longer
sufficient for addressing this urgent global challenge.

MEASURING GREENHOUSE
GAS EMISSIONS

In order to account for the contribution of urban areas to
climate change, it is necessary to measure their emissions of
GHGs.* This requires particular methodologies to account
for the various activities and the volume of these gases that
they produce. And in order to make meaningful comparisons
over time, or between different places, there is a need for
standardized protocols to be developed. According to the
UNFCCC, inventories should meet the following five quality
criteria:’
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1 Transparency: assumptions and methodologies should
be clearly explained.

2 Consistency: the same methodology should be used for
base and subsequent years.

3 Comparability: inventories should be comparable
between different places.

4 Completeness: inventories should cover all relevant
sources of emissions.

5 Accuracy: inventories should be neither over nor under
true emissions.

International protocols for measuring
greenhouse gas emissions

As noted in Chapter 2, the UNFCCC is the global instrument
responsible for ensuring that countries measure national
GHG emissions and set targets for their reduction. Under
the Convention, national governments gather and share
information on GHG emissions; launch national strategies to
reduce emissions; and cooperate to prepare for adaptation to
climate change impacts. A total of 36 developed countries
have — under the Kyoto Protocol — accepted emission ‘caps’
that limit their total GHG emissions within a designated
timeframe and are required to submit annual inventories of
their national emissions, while other signatories to the Kyoto
Protocol submit emission inventories in their periodic
national communications.

National inventories are prepared according to a
detailed set of criteria developed by the Intergovernmental
Panel on Climate Change (IPCC): the IPCC Guidelines for
National Greenhouse Gas Inventories.% This is a detailed
series of five volumes prepared by the IPCC as a result of a
request by the UNFCCC. It is intended to ensure that

Stationary combustion

Mobile combustion

Fugitive emissions

CO, transport, injection and geological storage

Industrial processes
and product use

Mineral industry emissions

Chemical industry emissions

Metal industry emissions

Non-energy products from fuels and solvent use

Electronics industry emissions

Emissions of fluorinated substitutes for ozone-depleting substances
Other product manufacture and use

Agriculture, forestry
and other land use

Forest land

Cropland

Grassland

Wetlands

Settlements

Other land

Emissions from livestock and manure management

Nitrous oxide emissions from managed soils, and CO2 emissions from lime and
urea application

Harvested wood products

Waste

Solid waste disposal

Biological treatment of solid waste
Incineration and open burning of waste
Wastewater treatment and discharge

1.3).
Source: IPCC, 2006

Note: The GHGs to be assessed are CO,, methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons, sulphur hexafluo-
ride, nitrogen trifluoride, trifluoromethyl sulphur pentafluoride, halogenated ethers and other halocarbons (see also Table

countries are able to fulfil their commitments under the
Kyoto Protocol and subsequent international agreements.
These criteria recognize that figures will be estimates, but
seek to ensure that these do not contain any biases that
could have been identified and eliminated. There are also
different tiers of estimation methods, which take into
account varying availability of data between countries. The
inventories provide measuring strategies and global warming
potentials for the full range of GHGs, and include method-
ologies for estimating emissions in four key sectors. These
are: energy; industrial processes and product use; agricul-
ture, forestry and other land use; and waste (see Table 3.1).

In the case of urban areas, emissions from the use of
fossil fuels, industrial processes and product use, and waste
are of particular importance. Stationary combustion mainly
relates to energy industries, manufacturing industries and
construction; while mobile combustion includes transporta-
tion emissions from civil aviation, road transportation,
railways and waterborne navigation (although only within
national boundaries — fuel use associated with international
maritime transportation is not included). These distinctions
are important, as — taken as a whole — energy, transportation
and buildings account for almost half of all global emissions
(see Figures 1.4 and 3.1).

National GHG inventories are based on the assump-
tion that a country is responsible for all emissions produced
within its area of jurisdiction. As a pragmatic measure to
facilitate national targets and reductions, this is likely to be
the only enforceable strategy — as countries only have legisla-
tive power within their own national boundaries. However, it
means that the patterns of consumption that drive emissions
(notably in the energy and industry sectors) are often veiled.
For example, many polluting and carbon-intensive manufac-
turing processes are no longer located in developed
countries, but have been sited elsewhere in the world to
take advantage of lower labour costs and less rigorous
environmental enforcement, and this reduces emissions in
developed countries.” This is an important issue when
assessing the underlying factors influencing emissions,
which is discussed later in this chapter.?

Protocols for measuring corporate
greenhouse gas emissions

As industries and corporations have become increasingly
aware of the impact that their activities have upon the
environment, they have increasingly engaged in conducting
GHG inventories. This enables companies to develop effec-
tive strategies to manage and reduce GHG emissions, and to
facilitate their participation in voluntary and mandatory
emissions reductions programmes. The most frequently
utilized of these is the Greenhouse Gas Protocol developed
by the World Resources Institute (WRI) and the World
Business Council for Sustainable Development (WBCSD).
This protocol puts forward an accounting system that is
based on relevance, completeness, consistency, transparency
and accuracy, and provides a mechanism by which private-
sector actors can contribute to the global goal of reducing
GHG emissions.’
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Sector Definition Examples

Scope I: Direct GHG emissions that occur from sources Emissions from combustion in owned or controlled boilers, furnaces,
owned or controlled by the company. vehicles; emissions from chemical production in process equipment.

Scope 2: GHG emissions from the generation of purchased ~ Purchased electricity in which the emissions physically occur at the

electricity consumed by the company.

facility where electricity is generated.

Scope 3 (optional): GHG emissions that are a consequence of the
activities of the company, but occur from sources

not owned or controlled by the company.

Extraction and production of purchased materials; transportation of
purchased fuels; use of sold products and services.

Source: WRI/WBCSD, undated

The protocol addresses the issues peculiar to the
corporate sector of accounting for emissions from group
companies, subsidiaries, affiliated companies, non-incorpo-
rated joint ventures or partnerships, fixed-asset investments
and franchises. The concept of ‘scope’ was developed in this
process,'% which takes into account direct and indirect GHG
emissions in a more effective manner (see Table 3.2). It also
describes the processes by which GHG emissions can be
identified and calculated, how these can be verified for a
formal reporting process, and how targets can be set.

Protocols for measuring local government
greenhouse gas emissions

Urban authorities often function at two distinct levels. First,
they function as business enterprises — owning or leasing
buildings, operating vehicles, purchasing goods and carrying
out various other activities. In this regard, urban authorities
can assess their emissions as corporate entities, including
the direct and indirect impacts of their work. Second, urban
authorities function as governments — with varying levels of
oversight for and influence on the activities taking place
within the spatial area over which they have jurisdiction.

The most widely accepted methodology for measuring
emissions within local government boundaries has been
developed by Local Governments for Sustainability (ICLEI),
which is an international association of more than 1000 local
government authorities that have made a commitment to
sustainable development. More than 700 of these are
members of the Cities for Climate Protection Campaign (see
Box 2.7), which aims to assist cities in adopting policies to
reduce local GHG emissions, improve air quality, and
improve urban liveability and sustainability. The campaign
sets five milestones for participating authorities:

1 Conduct a baseline emissions inventory and forecast.

2 Adopt an emission reduction target for the forecast
year.

3 Develop alocal action plan.

Implement policies and measures.

5 Monitor and verify results.!!

~

The first stage of this process requires an emissions inven-
tory; yet no appropriate methodology existed when the
campaign was devised. The [PCC methodology for countries
does not provide specifications at the local authority level for
discussing energy consumption, transportation or waste
disposal; and the existing corporate accounting protocols do
not cover the details of municipal operations such as street

lighting, landfill emissions and emissions from wastewater
treatment or other industrial activities.

ICLEl’s International Local Government GHG
Emissions Analysis Protocol'? was developed in response to
this need. This protocol takes into account both government
and community sectors, using the main categories derived
from the [PCC’s guidelines on national inventories of GHG
emissions from stationary combustion, mobile combustion,
fugitive emissions,' product use, other land use and waste.
The protocol organizes government emissions according to:

e buildings and facilities;

* electricity or district heating/cooling generation;

* vehicle fleet;

o street lighting and traffic signals;

* water and wastewater treatment, collection and distri-
bution;

*  waste;

¢ employee commute;

e others.

It also breaks down the ‘macro-sectors’ used by the [PCC
methodology (shown in Table 3.1) into community sectors
for analysis, as shown in Table 3.3. ICLEI's framework
provides the basis for the calculation of most current city-
wide GHG emissions inventories.'* It also recognizes the
concept of scopes' in both government and community
sectors (see Table 3.4). However, these do not extend as far
as the consumption-hased approaches,'® many of which are
impractical given the financial and technical resources avail-
able to local authorities to conduct inventories of this type.
A more detailed consumption-based analysis requires much
more information relating to the embedded carbon content
of consumer goods purchased by individuals.
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Emissions scopes for
companies

The most widely
accepted
methodology for
measuring emissions
within local
government
boundaries has
been developed by
Local Governments
for Sustainability
(ICLEI)

Table 3.3

ICLEI categorization of
community sectors

Macro-sector (IPCC) Community sector (ICLEI)

Energy Stationary combustion Residential
Commercial
Industrial
Mobile combustion Transportation
Fugitive emissions Other
Industrial processes and product use Other

Agriculture, forestry and other land use

Agricultural emissions

Other

Waste Solid waste disposal Waste
Biological treatment of solid waste
Incineration and open burning of waste

Wastewater treatment and discharge

Source: ICLEI, 2008
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Table 3.4
Definitions Examples

Emissions scopes for
local authorities

A ... consumption-
based analysis
requires much more
information relating
to the embedded
carbon content of
consumer goods
purchased by
individuals

Efforts to develop a
... methodology for
GHG emissions at
the local or
municipal level are
made more
complicated by the
wide range of
boundary
definitions used for
these areas

Towns and cities do
not themselves emit
GHGs. Rather,
specific activities
that take place
within urban areas
... are the sources of
these GHGs

Government operations emissions:

Scope I: Direct emission sources owned or operated by A municipal vehicle powered by gasoline or a municipal generator
the local government. powered by diesel fuel.

Scope 2: Indirect emission sources limited to electricity, Purchased electricity used by the local government, which is associated
district heating, steam and cooling consumption. with the generation of GHG emissions at a power plant.

Scope 3: All other indirect or embodied emissions over which the  Emissions resulting from contracted waste-hauling services.

local government exerts significant control or influence.

Community-scale emissions:

Scope I: Al direct emissions sources located within the Use of fuels such as heavy fuel oil, natural gas or propane used for heating.
geopolitical boundary of the local government.

Scope 2: Indirect emissions that result as a consequence of Purchased electricity used within the geopolitical boundaries of the
activity within the jurisdiction’s geopolitical boundary jurisdiction associated with the generation of GHGs at the power plant.
limited to electricity, district heating, steam and cooling
consumption.

Scope 3: All other indirect and embodied emissions that occur Methane emissions from solid waste generated within the community

as a result of activity within the geopolitical boundary.

which decomposes at landfills either inside or outside of the community’s
geopolitical boundary.

Source: compiled from ICLEI, 2008

New baseline inventories
for urban emissions

Increased interest in the contribution of urban areas to GHG
emissions, and a growing recognition of the importance of
urban areas in addressing the causes of climate change,
means that there have been increasing attempts to develop
appropriate inventories to account for city-level emissions.
Many of these now grapple with complex issues of produc-
tion- and consumption-hased measures for allocating
emissions.!” An important component of these inventories is
the setting of baselines, which can then be used to set
targets for emissions reductions in subsequent years. It is
also possible that a widely accepted baseline methodology
might form the basis for emissions trading schemes, or for
urban areas as a whole to trade carbon credits either on the
formal or the voluntary market.!8 Table 3.5 presents a World
Bank compilation of GHG emission baselines for selected
cities and countries.

In addition, the recently launched International
Standard for Determining Greenhouse Gas Emissions for
Cities!? provides a common method for cities to calculate
the amount of GHG emissions produced within their bound-
aries. This standard builds on and is consistent with the
[PCC protocols for national governments, and provides a
common format to facilitate compilation by local authorities.
It is hoped that this will provide a standard that can be used
by cities around the world.

Boundary issues

Efforts to develop a standardized globally comparable
methodology for GHG emissions at the local or municipal
level are made more complicated by the wide range of
boundary definitions used for these areas. In general, the
smaller the scale, the greater the challenges posed by
‘boundary problems’ in which it is increasingly difficult to
identify which emissions ought or ought not to be allocated
to a particular place.2?

The importance of boundary definitions is clear from
studies of urban populations, where differences in how

governments define city boundaries have direct effects of
spatial structure. For instance, it has been shown how eight
different lists of the world’s 20 largest cities vary, with only
nine cities appearing on all eight lists; and with four differ-
ent areas competing for the first two ranks.2! The population
figures for some large cities are for people living within long-
established city boundaries enclosing areas of only 20 to 200
square kilometres; whereas for others (particularly in
China) this includes regions with many thousands of square
kilometres and a significant rural population.?2 These
complications — related to different definitions of cities and
urban areas, and different conceptions of the spatial extent
of these — are all equally relevant in relation to identifying
GHG emissions from a particular urban area. Similarly,
energy consumption in urban areas in the US can vary
between 37 and 81 per cent depending on how these areas
are defined and bounded in space.2® Thus, even within a
single country, the potential contribution of urban areas to
climate change can vary by a factor of two depending on the
spatial definition of these areas.?*

THE SOURCES OF
GREENHOUSE GAS
EMISSIONS

Towns and cities do not themselves emit GHGs. Rather,
specific activities that take place within urban areas — and
that are undertaken in different ways by people of different
ages, genders and income groups — are the sources of these
GHGs. Different activities or sectors emit different quanti-
ties of different gases — with diverse impacts upon climate
change (see Figure 3.1). Some of these activities have been
integral to the process of urbanization over the last 300
years, and some have the clear potential to reduce emissions
to mitigate climate change.

The main sources of GHG emissions from urban areas
are related to the consumption of fossil fuels: whether this is
for electricity supply, transportation or industry. This section
explores the main sources of GHG emissions from urban
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Annual GHG emissions Annual GHG emissions M

(tonnes of COzeq (tonnes of COzeq Representative GHG
Country per capita) Year i per capita) Year baselines for selected
Argentina 7.64 2000 Buenos Aires 3.83 cities and countries
Australia 25.75 2007 Sydney 0.88 2006
Bangladesh 0.37 1994 Dhaka 0.63
Belgium 1236 2007 Brussels 75 2005
Brazil 416 1994 Rio de Janeiro 2.1 1998
Sdo Paulo 1.4 2000
Canada 22.65 2007 Calgary 17.7 2003
Toronto (City of Toronto) 9.5 2004
Toronto (Metropolitan Area) 1.6 2005
Vancouver 49 2006
China 340 1994 Beijing 10.1 2006
Shanghai 1.7 2006
Tianjin 1.1 2006
Chongging 37 2006
Czech Republic 14.59 2007 Prague 9.4 2005
Finland 1481 2007 Helsinki 7.0 2005
France 8.68 2007 Paris 52 2005
Germany [1.62 2007 Frankfurt 137 2005
Hamburg 9.7 2005
Stuttgart 16.0 2005
Greece 11.78 2007 Athens 104 2005
India 133 1994 Ahmedabad 120
Delhi 1.50 2000
Kolkata [.10 2000
Italy 9.31 2007 Bologna (Province) 1.1 2005
Naples (Province) 40 2005
Turin 9.7 2005
Veneto (Province) 10.0 2005
Japan 10.76 2007 Tokyo 489 2006
Jordan 4.04 2000 Amman 325 2008
Mexico 5.53 2002 Mexico City (City) 425 2007
Mexico City (Metropolitan Area) 2.84 2007
Nepal 1.48 1994 Kathmandu 0.12
The Netherlands 12.67 2007 Rotterdam 298 2005
Norway 11.69 2007 Oslo 35 2005
Portugal 771 2007 Porto 73 2005
Republic of Korea 11.46 2001 Seoul 4.1 2006
Singapore 7.86 1994
Slovenia 10.27 2007 Ljubljana 9.5 2005
South Africa 9.92 1994 Cape Town 1.6 2005
Spain 9.86 2007 Barcelona 42 2006
Madrid 6.9 2005
Sri Lanka 1.61 1995 Colombo 1.54
Kurunegala 9.63
Sweden 7.15 2007 Stockholm 36 2005
Switzerland 6.79 2007 Geneva 78 2005
Thailand 376 1994 Bangkok 10.7 2005
UK 10.50 2007 London (City of London) 6.2 2006
London (Greater London Area) 9.6 2003
Glasgow 88 2004
us 23.59 2007 Austin 15.57 2005
Baltimore 144 2007
Boston 133
Chicago 12.0 2000
Dallas 152
Denver 215 2005
Houston 14.1
Philadelphia 1.1
Juneau 1437 2007
Los Angeles 13.0 2000
Menlo Park 16.37 2005
Miami 1.9
Minneapolis 18.34 2005
New York City 105 2005
Portland, OR 1241 2005
San Diego 114
San Francisco 10.1
Seattle 13.68 2005
Washington, DC 19.70 2005
Note: Sources of the data presented above and details on which emissions have been included in the baselines are specified in the original source.
Source: based on World Bank, undated ¢
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Global GHG emissions
by sector and end
use/activity

Notes: All data are for 2000.
Al calculations are based on
CO,eq, using 100-year global
warming potentials based on
an IPCC total global estimate
of 41,755 million tonnes
CO,eq. Land-use change
includes both emissions and
absorptions. Dotted lines
represent flows of less than 0.1
per cent of total GHG
emissions.

Source: World Resources
Institute (http://cait.wri.org/
figures/World-FlowChart.pdf)

Fizore 32

World electricity
generation by fuel type
(1971-2008)

Note: ‘Other” includes
geothermal, solar, wind,
combustible renewables and
waste, and heat.

Source:EA, 2010, p24

Sector End use/activity Gas

T

|

1 Road 9.9

| Transportation 13.5% &

: Air 1.6%
Rail, ship and other transport 2.3%
Residential buildings 9.8%
Commercial buildings 5.4%
Unallocated fuel ion 3.5%
Iron and steel 3.2%

[uminium, non-ferrous metals E
Carbon dioxide (CO,)
Other fuel 9.0% Chemicals 4.8% %
L combustion

: Cement 3.8%

: Industry 10.4% Other industry 5.0%

|

|

| Fugitive emissions 3.9%

pro
Deforestation 18.3%
Afforestation —1.5%
Land-use change 18.2% Reforestation —05%

Harvest/management 2.5% HFCs, PFCs, SF,
Other —0.6% 1%
Agriculture soils 6.0%
Livestock and manure 5.1%

Nitrous oxide (N,O)
8%

areas, with a focus on energy supply (for electricity genera-
tion, transportation, commercial and residential buildings),
industry, waste, agriculture, land-use change and forestry. It
examines the activities that contribute to GHG emissions
from these sectors, the types of gases that are generated and
the importance of these for climate change. It also highlights
the potential for mitigation in each of these sectors, setting
the stage for detailed discussion in Chapter 5.

Energy supply for electricity generation

Energy is perhaps the broadest possible category for assess-
ing GHG emissions. The combustion of fossil fuels is the
major source of these, and is used throughout the world for
electricity generation, heating, cooling, cooking, transporta-
tion and industrial production. Energy is obtained from

24,000

TWh

1971

- Fossil thermal - Nuclear I:l Hydro - Other"

1979 1983 1987 1991 1995 1999 2003 2008

fossil fuels, biomass, nuclear power, hydroelectric genera-
tion and other renewable sources. Urban areas rely heavily
on energy systems (shaped by the quantity of energy used),
the energy structure (types of energy forms used) and the
quality of the energy (its energetic and environmental
characteristics). This section will thus focus on the use of
energy for electri-city generation in urban areas, the differ-
ent sources of energy and the implications for GHG
emissions. Overall (in 2008), transport accounted for
approximately 1.6 per cent of global electricity use; indus-
try accounted for 41.7 per cent; while other sectors
(agriculture, commercial and public services, residential,
and non-specified other sectors) accounted for 56.7 per
cent.2> The particular aspects of electricity consumption by
industry, and in commercial and residential buildings, will
be examined later in this section.

Electricity functions as an ‘energy carrier’ — that is, an
intermediate step between the original source of energy and
the end user. In concentrated and densely populated urban
areas, electricity is much more practical than the more direct
use of fuels, particularly because large generation plants can
be located hundreds of kilometres away and can feed
electricity grids covering large areas. In 2008, a total of
20,181 terawatt hours (TWh) of electricity were produced
around the world, most of which was generated from
thermal energy (fossil fuels of oil, coal and gas) (see Figure
3.2 and Table 3.6). The world has a continued dependence
on these GHG-generating fuels. Although the relative
reliance on fossil fuels for electricity generation declined
from 75.1 per cent in 1973 to 67.7 per cent in 2008, the
total amount of energy produced from these sources grew
from 4593TWh to 13,675TWh over the same period -
recording an increase of 197.7 per cent.2 The IPCC Fourth
Assessment Report concluded that ‘the global energy supply



will continue to be dominated by fossil fuels for several
decades’®” and projected that without the introduction of
effective new policy actions, energy-related GHG emissions
are expected to rise by over 50 per cent between 2004 and
2030 (from 26.1 billion tonnes CO,eq to between 37 and 40
billion tonnes CO,eq).?

Electricity consumption varies significantly between
urban areas around the world, although there is some
clustering in the region of 4.5 to 7MWh per capita per
annum for those connected to the grid: Bangkok (Thailand),
Barcelona (Spain), Geneva (Switzerland), London (UK), Los
Angeles (US), New York City (US) and Prague (Czech
Republic) all fall within this range. In contrast, Cape Town
(South Africa) has considerably lower per capita consump-
tion (3.49MWh per capita per annum — perhaps because a
large proportion of the population is not connected to
electricity supply); while Toronto (Canada) and Denver (US)
have considerably higher per capita consumption of 10.04
and 11.49MWh per capita per annum, respectively.2’

The type of fuel used to generate electricity has a
significant impact upon the volume of GHG emissions.
Indeed, this is one of the most striking features influencing
the emissions from different areas. Cities relying on nuclear
or hydroelectric power generate substantially lower
emissions than those that depend primarily on coal-fired
power stations.>

In countries relying heavily on coal for electricity
generation, electricity can be the single largest contributor
to GHG emissions. A study of 15 South African cities
indicated that electricity generation was responsible for
more than 100 million tonnes of CO, emissions annually, or
66 per cent of the total — despite accounting for only 32 per
cent of energy consumption.’! However, average figures for
electricity consumption — and the GHG emissions relating
to these — are problematic because of industrial use of
electricity. More detailed surveys are required to identify
which members of society are utilizing large quantities of
electricity and, thus, are responsible for the accompanying
GHG emissions. In China, although the direct use of coal for
energy has declined substantially during the last two
decades, this remains the majority source for the generation
of electricity.32

Among fossil fuels there are differences in the
emissions generated for a given unit of electricity. Although
coal is the world’s most abundant fossil fuel and continues to
be a vital resource in many countries, the typical efficiency
of its conversion into electricity is about 35 per cent; and the
burning of coal introduced approximately 9.2 billion tonnes
of CO, into the atmosphere in 2005. The use of natural gas
for electricity generation is growing rapidly (at an annual rate
of 2.3 per cent during the 1990s), and contributes around
5.5 billion tonnes of CO, into the atmosphere each year. In
contrast, the use of oil for direct generation of electricity has
declined during recent years.33 The operation of nuclear
generation plants generates very low emissions of GHGs,
although large indirect emissions are associated with the
mining (and refining) of uranium and the building of nuclear
plants.3* This source of energy, however, has risks associated
with its operation, storage of waste and the generation of
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Type of fuel Share of total energy generation (%)
1973 2008
(total generation: 61 16TWh) (total generation: 20,181 TWh)

Thermal 75.1 67.8

Coal/peat 383 41.0

Qil 247 5.5

Gas 12.1 213
Nuclear 33 13.5
Hydro 21.0 15.9
Other (geothermal, solar, wind, 0.6 28

combustible renewable and waste, heat)

Source: |EA, 2010, p24

materials that can be used in nuclear weapons. For these
reasons, public acceptance of nuclear power is limited in
many countries.

A variety of renewable energy systems can contribute
to the security of energy supply and the reduction in GHG
emissions (see Table 3.7).3¢ However, there are still many
challenges to be overcome in relation to the development of
these technologies and in ensuring consistency in their
generation capacity. For example, energy available from
solar, wind and wave energy varies over time.

Many developing countries still face considerable
challenges in expanding electricity networks to households —
with low-income and female-headed households particularly
seriously affected. In South Africa, for example, 64 per cent
of the total population has no access to grid electricity.
Although this is higher in rural areas, 16 per cent of house-
holds in cities did not use electricity for lighting.>” Drawing
on data for urban populations from a range of sources, it has
been estimated that among the 117 developing countries for

Table 3.6

Electricity generation
by energy source

The type of fuel
used to generate
electricity has a
significant impact
upon the volume of
GHG emissions

=

Categories of
renewable energy
technologies

Examples of technology Stage of maturity

Large and small hydro

Woody biomass combustion

Geothermal

Landfill gas capture

Crystalline silicon photovoltaic solar-water heating
Onshore wind

Bio-ethanol from sugars and starch

in several countries.

Technologically mature with established markets

Municipal solid waste to energy
Anaerobic digestion

Biodiesel

Co-firing of biomass

Concentrating solar dishes and troughs
Solar-assisted air conditioning

Mini- and micro-hydro

Offshore wind

Technologically mature but with relatively new and
immature markets in a small number of countries.

Thin-film photovoltaic
Concentrating photovoltaic

Tidal range and currents

Wave power

Biomass gasification and pyrolysis
Bio-ethanol from ligno-cellulose
Solar thermal towers

introduction.

Under technological development with
demonstrations or small-scale commercial
application, but approaching wider market

Organic and inorganic nanotechnology solar cells

Artificial photosynthesis

Biological hydrogen production involving biomass,
algae and bacteria

Bio-refineries

Ocean thermal and saline gradients

Ocean currents

Still in technology research stages.

Source: compiled from Sims et al, 2007
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The proportion of
journeys made by
private as opposed
to public
transportation ... is
an important factor
influencing GHG
emissions from an
urban area

Innovative thinking
in relation to the
planning of
transportation
infrastructure can
... meet both
environmental and
social needs

Table 3.8

Private passenger
transport energy use,
urban density and GHG
emissions, selected
cities

Private passenger

Cities and Climate Change

which data were available, there were 21 countries where
more than half of urban households did not have access to
electricity. Furthermore, there seems to be a strong correla-
tion between the proportion of the urban population who
have access to electricity and gross domestic product
(GDP).38 Increasing low-income urban residents’ access to
electricity generates important improvements to quality of
life, including through reducing the use of potentially
harmful or dangerous alternative fuels for heating, lighting
and cooking. The provision of energy services — including
electricity — is therefore an important component of alleviat-
ing poverty.

Transport®

Globally, transportation is responsible for about 23 per cent
of total energy-related GHG emissions*” and 13 per cent of
global GHG emissions (see Figure 1.4). In addition, transport
activities increase as economies grow, and are expected to
continue increasing in the decades ahead, especially with
increasing levels of urbanization. Urban areas rely heavily on
transportation networks of various kinds for both internal
and external movements of goods and people. The propor-
tion of journeys made by private as opposed to public
transportation — particularly in larger cities — is an important
factor influencing GHG emissions from an urban area. Urban
areas, particularly in developed countries, often generate
smaller amounts of GHG emissions per capita than rural
areas due to the advantages of density. In the US, for
example, per capita gasoline consumption is 12 per cent
lower in urban counties than the national average.*!
Increases in public transportation use tend to reduce GHG
emissions. A recent study suggested that a 1 per cent
increase in public transportation would lead to a 0.48 per
cent decrease in GHG emissions.*?

Urban density is one of the most important factors
influencing the amount of energy used in private passenger
transport, and therefore has a significant effect on GHG
emissions. Table 3.8 shows the ranking of ten cities on the
basis of private passenger energy use, urban density and
GHG emissions. With the exception of the Chinese cities,
the most densely populated cities utilize less energy for
private passenger transport and generally have lower GHG
emissions per capita.

Urban density GHG emissions per capita

transport energy (descending order) (ascending order)
per person

(ascending order)

Shanghai (China) Seoul Sdo Paulo
Beijing (China) Barcelona Barcelona
Barcelona (Spain) Shanghai Seoul

Seoul (Republic of Korea) Beijing Tokyo

Séo Paulo (Brazil) Tokyo London

Tokyo (Japan) Sdo Paulo Beijing
London (UK) London New York City
Toronto (Canada) Toronto Shanghai

New York (US) New York Toronto

Washington, DC (US)

Washington, DC Washington, DC

Source: compiled from Newman, 2006

Access to public transport need not necessarily imply
high density, as shown by the concepts of ‘transit-oriented
development’ and ‘transit villages’ pioneered in California
(US). These forms of development utilize moderate- to high-
density housing within easy walking distance of major transit
stops. However, this also requires careful planning of transit
systems, the formation of community partnerships, detailed
understanding of local real estate markets, and coordination
among local, national and regional authorities. If successful,
these developments can provide mobility choices, increase
public safety, reduce the number of vehicle kilometres
travelled (lowering annual household rates of driving by 20 to
40 per cent for those living, working and/or shopping near
transit stations), reduce air pollution, reduce energy consump-
tion, conserve resource lands and open space, reduce infra-
structure costs, and contribute to more affordable housing.

Similar processes can be facilitated through the devel-
opment of bus rapid transit systems in developing countries,
which is discussed in more detail in Chapter 5. These are
most efficient in servicing densely populated linear develop-
ments, which facilitate a large number of urban residents
living within walking distances of the main trunk routes —
generating an urban form often described as being shaped
like a hand with fingers (where the ‘palm’ is the urban
centre, and the ‘fingers’ the linear densely settled areas
spreading out from the core).

Innovative thinking in relation to the planning of
transportation infrastructure can therefore meet both
environmental and social needs. Localized areas of relatively
high densities are required to generate greater efficiencies in
the usage of public transportation; but this can be consistent
with meeting a variety of other demands from urban
residents. Of course, the precise form that these transporta-
tion networks should take requires detailed local study.
Overall, density is one of several factors that affects energy
use — and, by extension, GHG emissions. However, address-
ing these issues requires ongoing analysis of urban processes
rather than simply taking a snapshot of urban form at a
particular moment in time.

A key component of GHG emissions from transporta-
tion is the number of vehicle kilometres travelled. The
number of vehicle kilometres travelled is affected by several
key aspects of urban design, including;

*  density (higher number of people, jobs and/or dwelling
units per unit area;

o diversity (greater mix of land uses);

* design (smaller block sizes, more sidewalk coverage,
smaller street width);

¢ destination accessibility; and

o distance to transit.*®

These ‘five Ds’ can be affected by the choices of planners
and developers, and, in turn, will affect the travel choices of
residents living in these areas. These aspects of urban design
intersect with issues of personal choice and economic neces-
sity — for example, there is some evidence from Sweden that
women are more likely to use public transportation than
men.** Chapter 5 shows the ways in which efficient urban



design — including the use of brownfield developments — can
help to minimize the distances that urban residents have to
travel and, hence, reduce GHG emissions.

However, a variety of other factors also affect
emissions from ground transportation, including the extent
of private motor vehicle use, the quality of public transport,
land-use planning and government policy. As shown in Table
3.9, there are significant variations between North American
cities as a result of these factors. For example, Denver’s per
capita GHG emissions from ground transportation are four
times greater than those of New York. Similarly, the high
level of private motor vehicle dependence in Bangkok means
that its per capita emissions from ground transportation are
twice those of London, a much more affluent city but one
with a more comprehensive public transportation system.

These variations can also be seen in the proportion of
a city’s GHG emissions that can be attributed to the trans-
port sector. Shanghai and Beijing generate approximately 11
per cent of their emissions from the transportation sector, a
figure dwarfed by their emissions from manufacturing.*®
However, the emissions from transport are increasing rapidly
in Chinese cities, as shown by a recent study. The CO,
emissions from transport in all 17 sample cities increased
between 1993 and 2006. On average, the increase between
2002 and 2006 was 6 per cent per year and ranged from 2 to
22 per cent between the sample cities. The CO, emissions
per capita from transport also increased in all cities and
ranged between 0.5 and 1.4 tonnes per person in 2000,
with Beijing being the highest.*®

In London, New York and Washington, DC, trans-
portation represents a significant contribution to the cities’
emissions (22, 23 and 18 per cent, respectively); whereas in
Barcelona (35 per cent), Toronto (36 per cent), Rio de
Janeiro (30 per cent) and Sao Paulo (60 per cent), these
figures are much higher.*’ However, the high figures in Rio
de Janeiro and Sao Paulo are partially because these cities are
strongly reliant on private motor vehicle transportation At
the same time, it should be noted that London’s emissions
from transportation are lower than most developed country
cities of similar size — as a result of high levels of public
transport usage, strong investment in infrastructure and
policies to promote alternatives to private motor vehicle use
— while the extensive public transport system in New York
City means that car ownership and usage levels are much
lower than those in the US as a whole. The contribution of
transportation to GHG emissions in Bangkok is described in
Box 3.1.

Even when cars are chosen as the mode of transport,
there are large variations in the GHG emissions produced by
different sizes and types of vehicles. Within conventional
private automobiles, there is a fourfold difference in their
GHG emissions per kilometre. More efficient engines and
greater use of diesel engines have the potential to reduce
emissions. However, in the US, gains from engine efficiency
have been offset as car weights and power have increased —
meaning that overall fuel economy has hardly changed in the
last 15 years.*® Other factors that affect the contribution of
urban transportation to GHG emissions include vehicle trip
frequencies (starting a vehicle when it is cold uses more
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GHG emissions

Gasoline consumption

Diesel consumption

(million litres) (million litres) (tonnes CO,eq

per capita)
Denver (US) 1234 197 6.07
Los Angeles (US) 14,751 3212 4.74
Toronto (Canada) 6691 2011 391
Bangkok (Thailand) 2741 2094 2.20
Geneva (Switzerland) 260 51 1.78
New York City (US) 4179 657 |47
Cape Town (South Africa) 1249 724 139
Prague (Czech Republic) 357 281 139
London (UK) 1797 1238 .18
Barcelona (Spain) 209 266 0.75
Source: Kennedy et al, 2009b

Table 3.9

Ground transportation,
fuel consumption and
GHG emissions,
selected cities

energy and emits more CO, than starting the vehicle after it
has warmed up) and vehicle operating speeds (motor
vehicles with internal combustion engines are most efficient
at an average speed of about 72km per hour). In spite of
these issues, urban design that encourages less frequent car
use will generate far greater benefits than the small losses
associated with engine start-up; and roadway design that
encourages higher speeds is likely to cause an increase in
distances travelled by cars that will be far greater than any
efficiency benefits.*

There is a strong association between rising income
and car use in developing countries, meaning that economic
growth in developing countries is very likely to result in

There is a strong
association between
rising income and

car use in
increased car use and rising traffic congestion.”® In addition, in developing
many developing countries, the stock of motor vehicles is old countries, meaning
and consists largely of second-hand and less efficient vehicles  pat economic
imported from developed countries. At the same time, the growth ... is very
conversion of vehicles to use different fuels has the potential likely to result in

to reduce GHG emissions in many cities in developing
countries. In Mumbai (India), for example, it has been
estimated that the conversion of more than 3000 diesel-
fuelled buses to compressed natural gas would result in a
reduction of 14 per cent of total transport-related emissions.>!

increased car use

Box 3.1 The contribution of transportation to

GHG emissions in Bangkok, Thailand

With approximately 7 million people, or more than 10 per cent of Thailand’s population,
Bangkok is not only the national capital, but also its focus for communications, its administrative
centre and a major business hub for Southeast Asia. While the city’s population has grown
rapidly during the last 50 years, the population of the inner city has been declining as people
have moved to suburban areas. Between 978 and 2000, the population of the inner city
declined from 3.25 million to 2.86 million, with a corresponding decrease in density from
15,270 to 11,090 people per square kilometre. Per capita emissions from Bangkok are at a
similar level to many European and North American cities, with a figure of 7.1 tonnes per capita
per annum.

Transportation is the single greatest source of Bangkok's GHG emissions, responsible
for 23 million tonnes CO,eq per year, or 38 per cent of the city’s total. Electricity is the second
largest contributor (33 per cent), followed by solid waste and wastewater (20 per cent). The
contribution of this sector is growing rapidly: the number of vehicles registered in the city has
soared from 600,000 in 1980 to 5.6 million in 2007, an almost tenfold increase. Indeed, since
2003, more than 500,000 additional vehicles have been registered in Bangkok each year.

Sources: Bangkok Metropolitan Administration, 2009; UN, 2010
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The issue of emissions from transportation in develop-
ing countries is particularly important in countries where
motor vehicle ownership is expanding rapidly. There are
currently (2011) nearly 1.2 billion passenger vehicles world-
wide. By 2050, this figure is projected to reach 2.6 billion —
the majority of which will be found in developing
countries.> The emissions associated with the increase in
passenger vehicles can be reduced either through advances
in fuel technology or by changes from one mode of trans-
portation to another. The potential for such reductions is
particularly strong in urban areas — with the advantage of
relatively high densities of people, economic activities and
cultural attractions. In Bogoté (Colombia), a bus rapid transit
system (known as TransMilenio) — combined with car-restric-
tion measures (including a path-breaking ‘car-free’ Sunday in
which 120km of arterial roadways are closed to private
motorized vehicles) and the development of new cycle-ways
— has shown that an erosion of the relative importance of the
public transport mode is not preordained.> Similar systems
have also been proposed for several cities in Africa and Asia
— for example, in Dar es Salaam.>*

Current modes of urban transportation have many
other adverse effects. According to the World Health
Organization, more than 1.2 million people were killed in
road traffic accidents in 2002. Projections indicate that this
figure will increase by 65 per cent by 2020.%° Reducing the
reliance on private motor vehicles may help to reduce this
figure. In addition, heavy reliance on personal transportation
results in physical inactivity, urban air pollution, energy-
related conflict and environmental degradation. Alternative
modes of transport — particularly walking and cycling — can
generate co-benefits, including improved human health
through reducing obesity alongside reduced GHG emis-
sions.® In addition, reducing the number of vehicles on the
road can reduce local-source air pollution which is directly
linked to mortality, cardiovascular diseases and respiratory
illnesses, including asthma among young children.>

Perhaps the most notable omission from the above
discussion is emissions from the aviation industry, which
account for about 2 per cent of total anthropogenic GHG
emissions.®® These are not included within a country’s
national GHG inventory as a result of the lack of consensus
as to where exactly these should be allocated. Should these
be assigned to the country from which the aircraft takes off;
the country in which the aircraft lands; the country in
which the aircraft is registered; or the country of origin of
the passengers? These issues are even more complex in the
case of city emissions, as many of the passengers using
major international airports situated in or close to major
cities may be from elsewhere in the country, or may only be
using these airports for transit purposes. The IPCC has
estimated that aviation is responsible for around 3.5 per
cent of human-induced climate change — the emissions from
high-flying aircraft cause a greater amount of warming than
the same volume of emissions would do at ground level —
and that this is growing by approximately 2.1 per cent per
year.®

Globally, shipping is responsible for about 10 per cent
of transportation energy use;%* but emissions from interna-

tional maritime transportation are not included within
national GHG inventories for similar reasons. Although inter-
national maritime transport is essential for servicing the
needs of urban areas, the role of urban centres as ports and
trans-shipment points means that allocating responsibility
for the emissions associated with this is difficult, if not
impossible.

The GHG inventories produced by London and New
York offer an alternative set of figures that do take emissions
from aviation into account. As a major air travel hub,
London’s airports handle 30 per cent of the passengers
entering or departing the UK. If incorporated within the
city’s emissions inventory, aviation would be responsible for
34 per cent of London’s emissions, and would raise total
emissions from 44.3 million tonnes to 67 million tonnes for
2006.9" In the case of New York (US), aviation would add
10.4 million tonnes per year to the city’s emissions.®
However, as is the case with industrial emissions, allocating
the responsibility for all aviation-based emissions to a city’s
inventory is misleading — large city airports provide a service
not only to individuals from elsewhere in the same country,
but also from abroad.

Commercial and residential buildings

GHG emissions from commercial and residential buildings
are closely associated with emissions from electricity use,
space heating and cooling. When combined, the IPCC
estimates global emissions from residential and commercial
buildings at 10.6 billion tonnes of CO,eq per year,® or 8 per
cent of global GHG emissions (see Figure 1.4). Commercial
and residential buildings are responsible for both direct
emissions (onsite combustion of fuels), indirect emissions
(from public electricity use for street lighting and other activ-
ities and district heat consumption) and emissions associated
with embodied energy (e.g. in the materials used for their
construction). Emissions are affected by the need for heating
and cooling, and by the behaviour of building occupants.

The type of fuel used for heating and cooling also
determines the amount of GHGs emitted. Although Prague
in the Czech Republic uses less energy per capita for heating
than New York City (US), its emissions from heating are
higher due to its reliance on coal. To a lesser extent, the
emissions of Cape Town (South Africa) and Geneva (Switz-
erland) are also slightly higher than other comparable cities
due to the predominance of oil instead of natural gas for
heating.%

Data are available for the US on the direct final
consumption of fossil fuels in buildings and industry.®®
However, it is not possible to separate the consumption of
fuel between residential, commercial and industrial uses.
Natural gas and fuel oil are the primary sources of energy for
heating these buildings, while electricity is the main source
of energy for cooling. Consequently, urban areas in warmer
climate zones (where cooling, rather than heating, is
required) tend to have lower direct final consumption of
fossil fuels, whereas the inverse is the case in cooler climate
zones. However, there are also regional differences in fuel
composition. The US Northeast relies more on fuel oil,



which emits a greater volume of CO, per unit of energy,
while the US north Midwest relies more on natural gas.

The average size of new single-family homes in the US
has expanded during recent years. Larger houses occupy
more land, require greater amounts of material for construc-
tion, and consume more energy for heating and cooling.
Larger homes are typically associated with higher incomes
and higher energy consumption (see Table 3.10), and are
found more often in sprawling counties.% Overall patterns
of residential density also affect GHG emissions: the most
densely settled area of the US (the Northeast, with 873
persons per square kilometre) has the lowest per capita
annual energy consumption (283 million kilojoules), CO,
emissions (15.0 tonnes) and vehicle distance travelled
(13,298km) in the country.5’

In the UK; residential buildings are responsible for 26
per cent of all CO, emissions, commercial and public build-
ings for 13 per cent, and industrial buildings for 5 per cent.%
Most energy consumption (84 per cent) in residential build-
ings is from the heating of space and water. As the primary
fuel for this is natural gas (which has a lower carbon content
than electricity), this is only responsible for 74 per cent of
CO, emissions. In non-residential buildings, heating (37 per
cent) and lighting (26 per cent) are the main sources of CO,
emissions.

Estimates for residential energy use per unit area for
the UK and the US are 228 and 138kWh per square metre
per year, respectively.%? Since the average dwelling size is
much greater in the US (200 compared to 87 square metres),
the US uses more energy per household. For non-residential
buildings, energy use in the UK, the US and India are 262,
287 and 189kWh per square metre per year, respectively.

In China, energy consumption of buildings accounts
for 27.6 per cent of national energy consumption and
contributes 25 per cent of national GHG emissions. In total,
the country has 40 billion square metres of built space, of
which only 320 million square metres can be identified as
‘energy-saving buildings’. The Energy Efficiency in Building
and Construction programme aims to ensure that, by 2010,
new urban buildings will reach a new design standard of
reducing energy consumption by 50 per cent.”” At a smaller
scale, various initiatives are being implemented in other
middle-income countries such as South Africa, including the
development of low-cost, low-energy houses for the urban
poor. These employ simple technologies such as north-facing
orientation and roof overhangs to maintain comfortable
indoor temperatures without the use of heating or cooling
equipment.”!

The growth in India’s population, coupled with the
rapidly increasing consumer expectations of its middle class,
means that emissions from that country’s building stock are
becoming increasingly important. During 2005/2006, only
about 1 per cent of India’s urban households used electricity
for cooking, 59 per cent used natural gas or liquefied petro-
leum gas, 8 per cent used kerosene, 4 per cent used coal or
lignite, and the rest, about 27 per cent, used firewood,
charcoal, biomass or other energy sources.’? Approximately
one third of India’s energy is supplied by large hydropower
plants with limited GHG emissions. In the Indian residential
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Energy consumption of

(US$) (m?) household
(million kilojoules)

$15,000-$19,999 1394 85

$30,000-$39,999 157.9 92

$75,000-$99,999 250.8 119

$100,000 or more 3159 143

Source: based on Markham, 2009,p12

sector, fans account for 34 per cent of total electricity
consumption, lighting for 28 per cent and refrigeration for
13 per cent.”® Of particular relevance for buildings in India is
the large amount of electricity used by heating, ventilation
and air-conditioning systems. In buildings without this facil-
ity, lighting is the main component of energy consumption,
whereas in buildings with heating, ventilation and air-condi-
tioning systems, these account for 40 to 50 per cent of
consumption. However, there are large disparities between
income groups: low-income groups in urban areas rely
heavily on kerosene and liquefied petroleum gas for energy
alongside electricity, and a significant proportion still use
firewood or other biomass fuels. India’s commercial sector
uses electricity primarily for lighting (60 per cent of
consumption) and heating, ventilation and air-conditioning
systems (32 per cent).”

Industry’

Globally, 19 per cent of GHG emissions are associated with
industrial activities (see Figure 1.4). Although most cities in
North America and Europe emerged and developed as a
result of industrial activities, and still require industries to
provide jobs and revenue, these same activities generate
pollution. However, during recent decades the global
pattern of industrial activities has shifted, in part due to
transnational corporations seeking lower wages and higher
profitability, and in part due to the increasing success of
companies and corporations from China, India, Brazil and
elsewhere in competing on the world market. Differences in
environmental legislation have also transformed the geogra-
phy of industrial location. It has been noted that ‘when
[cities] are able, they will get rid of polluting industries,
pushing them away from city centers to suburbs or to other
cities”.”0

Many industrial activities are energy intensive in their
operation. These include the manufacture of iron and steel,
non-ferrous metals, chemicals and fertilizer, petroleum refin-
ing, cement, and pulp and paper. There are differences in
industrial emissions according to location and according to
the size of the industry. In developing countries, some facili-
ties are new and incorporate the latest technology. Yet, small-
and medium-sized enterprises may not have the economic
or technical capacity to install the latest energy-saving
equipment. The industrial processes mentioned above are
responsible for direct GHG emissions. In Los Angeles (US),
Prague (Czech Republic), and Toronto (Canada) these add
0.22, 0.43 and 0.57 tonnes of CO,eq per capita per annum,
respectively.”’

Table 3.10

Energy consumption by
income level and
dwelling size in the US
(2008)

Larger houses ...
consume more
energy for heating
and cooling

Differences in
environmental
legislation have also
transformed the
geography of
industrial location
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A study of 15 South African cities shows that, on
average, manufacturing caused half of all GHG emissions.
However, in towns characterized as ‘heavy industrial’,
manufacturing’s share rose to 89 per cent, and residential
share declined to 4 per cent. This accounts for the extraordi-
narily high per capita emission in some of these industrial
towns. Saldanha Bay (a large port and industrial centre in
Western Cape Province) and uMhlatuze (a port in KwaZulu-
Natal that includes two aluminium smelters and a fertilizer
plant) have per capita emissions of 50 and 47 tonnes of
CO, emissions per annum, respectively (see Table 3.13).
However, 93 per cent of emissions from Saldanha Bay and 95
per cent of emissions from uMhlatuze are generated by
industry and commerce, with households being responsible
for only 1.9 per cent and 1.5 per cent of emissions, respec-
tively.”®

Similar patterns exist in China, where the ratio of
urban to rural per capita commercial energy usage is 6.8.7°
This reflects a situation in which the industrial sector has
tended to dominate urban CO, emissions, although this has
been declining in some cases. Between 1985 and 20006, the
share of the industrial sector in total CO, emissions from
Beijing declined from 65 to 43 per cent; and in Shanghai
from 75 to 64 per cent. However, rather than representing
an absolute decline, this reflects the growing significance of
the transportation sector. CO, emissions from transportation
rose sevenfold in Beijing and eightfold in Shanghai over the
same time period. Another set of estimates suggests that
between 1990 and 2005, 90 per cent of Shanghai’s energy
was consumed by the industrial sector and only 10 per cent
by ‘family life’, although these figures appear to exclude
energy consumption by transportation.

Waste

Emissions from waste represent about 3 per cent of total
emissions (see Figure 1.4). Despite being only a small
contributor to global emissions, rates of waste generation
have been increasing during recent years, particularly in
developing countries that have been experiencing increasing
affluence. Although waste generation is linked to population,
affluence and urbanization,®! emissions from waste may be
lower in more affluent cities, as urban areas have the poten-
tial to greatly reduce — or even eliminate — emissions from
waste. The concentration of people and activities in urban
areas means that waste can be collected efficiently, and
methane emissions from landfills can be captured and flared
or used to generate electricity. Although many developing
countries lack the technology for methane recuperation,
landfill gas capture projects funded through the Clean
Development Mechanism (CDM),® which are increasingly
being implemented even in the least developed countries
(e.g. at the Mtoni dumpsite in Dar es Salaam, Tanzania),
offer numerous potentials.

As a result of some of the above-mentioned initiatives,
GHG emissions from waste are relatively low in many urban
areas in developed countries. Per capita emissions from
waste in Barcelona (Spain), Geneva (Switzerland), London
(UK), Los Angeles (US), New York (US), Prague (Czech
Republic) and Toronto (Canada) are all less than 0.5 tonnes
CO,eq per capita per annum; while those from Bangkok
(Thailand) and Cape Town (South Africa) are 1.2 and 1.8
tonnes CO,eq per capita per annum, respectively.®® Indeed,
New York has negative net emissions as a result of the
capture of methane from managed landfills, while in Sao
Paulo (Brazil), Barcelona (Spain) and Rio de Janeiro (Brazil)
solid waste is responsible for 23.6, 24 and 36.5 per cent of
urban emissions, respectively.® These variations are likely to
be due not only to different patterns of consumption and
Wwaste generation, but also to differences in the management
of waste and differences in accounting mechanisms — varia-
tions that are almost impossible to assess in the absence of a
standardized urban framework for conducting emissions
inventories.

Agriculture, land-use change and forestry

At a global level, 14 per cent of GHG emissions can be
allocated to activities related to agriculture and 17 per cent
to forestry (see Figure 1.4). Although these are often
thought of as being rural activities, urban agriculture can be
an important component of local economies and food supply
systems, and many urban areas do include parks and forests.
The broader ecological impacts of cities have been increas-
ingly studied during recent years,® based on the recognition
that the expansion of built-up areas transforms rural land-
scapes; that city-based enterprises, households and instit-
utions place demands on forests, farmlands and watersheds
outside urban boundaries; and that solid, liquid and airborne
wastes are transferred out of the city to the surrounding
region or further afield.®

Specifically in relation to climate change, urban areas
can shape emissions from agriculture, land-use change and
forestry in two major ways. First, the process of urbanization
can involve direct changes in land use, as formerly agricul-
tural land becomes incorporated within built-up areas. The
world’s urban population multiplied tenfold during the 20th
century, meaning that more land was covered by urban
development. Equally, global urban trends towards subur-
banization mean that cities are sprawling and encroaching on
land that may previously have been covered with vegetation
~ thereby reducing its potential to absorb CO,. Second, the
consumption patterns of increasingly wealthy urban
residents can shape the type of agricultural activities that is
taking place. For example, the growing consumption of meat
products is associated with emissions of methane from
livestock rearing.



THE SCALE OF URBAN
EMISSIONS

It is impossible to make definitive statements about the scale
of urban emissions. There is no globally accepted standard
for assessing the scope of urban GHG emissions — and even
if there was, the vast majority of the world’s urban centres
have not conducted an inventory of this type. Current
administrative differences in the extent, frequency and
thoroughness of inventories contribute to substantial varia-
tions in the scope, accuracy and comparability of these.
Perhaps the two most substantial differences between inven-
tories are related to boundary issues and scope issues. These
issues are discussed in greater detail in the next two
sections.®” This section presents the results from a range of
previously conducted GHG inventories, assesses their
findings, and identifies common themes across developed
and developing countries.

The Contribution of Urban Areas to Climate Change

Global patterns of emissions

The economic activities, behavioural patterns and GHG
emissions from urban areas are shaped by the overall
economic, political and social circumstances of the countries
in which they are located. At a global level, there are striking
differences in GHG emissions between regions and coun-
tries. The 18 per cent of the world’s population living in
developed countries account for 47 per cent of global CO,
emissions, while the 82 per cent of the world’s population
living in developing countries account for the remaining 53
per cent. The US and Canada alone account for 19.4 per
cent of global GHG emissions, while South Asia accounts for
13.1 per cent and Africa just 7.8 per cent.® Even greater
differences can be seen if individual countries are compared:
per capita CO,eq emissions vary from less than 1 tonne per
year for Bangladesh and Burkina Faso to more than 20
tonnes for Canada, the US and Australia.®? These variations
among countries are shown in greater detail in Figure 3.3.

In addition, global growth in GHG emissions has not
been distributed evenly between countries. Between 1980
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GHG emissions per capita National emissions per capita
(tonnes of CO,eq)

(year of study in brackets)

(tonnes of CO,eq)
(year of study in brackets)

Washington, DC (US) 19.7 (2005) 239 (2004)
Glasgow (UK) 84 (2004) 1.2 (2004)
Toronto (Canada) 8.2 (2001) 23.7 (2004)
Shanghai (China) 8.1 (1998) 34 (1994)
New York City (US) 7.1 (2005) 23.9 (2004)
Beijing (China) 6.9 (1998) 34 (1994)
London (UK) 6.2 (2006) 1.2 (2004)
Tokyo (Japan) 48 (1998) 10.6 (2004)
Seoul (Republic of Korea) 3.8 (1998) 6.7 (1990)
Barcelona (Spain) 34 (199) 10.0 (2004)
Rio de Janeiro (Brazil) 2.3 (1998) 82 (1994)
Sdo Paulo (Brazil) 1.5 (2003) 8.2 (1994)
Source: Dodman, 2009

TS

Comparisons of city
and national GHG
emissions, selected
cities

A wide range of
cities in the US have
produced GHG
inventories

Table 3.12

GHG emissions
inventories, selected
cities

and 2005, CO, emissions increased by more than 5 per cent
per year in the Republic of Korea, China and Thailand. Yet,
over the same period, emissions from Chad, the Democratic
Republic of Congo, Liberia and Zambia declined by an
average of more than 1 per cent per year.0 As these figures
suggest, many of the countries with currently very low
emissions are not experiencing rapid increases in emissions.
However, if rapid economic growth takes place, this situation
may change. Various attempts have been made to compile
GHG inventory figures for cities around the world. Data
from two recent studies are presented in Tables 3.11 and
3.12. The information in both tables is intended to be illus-
trative of well-documented cases from a range of countries.
One of the most striking features of these emissions invento-
ries is that average per capita emissions for many large cities
are substantially lower than for the country in which they
are located (see Table 3.11; see also Table 3.5). For example,
per capita emissions in New York City are 7.1 tonnes
annually, compared to 23.9 tonnes for the US; those for
London are 6.2 tonnes compared to 11.2 for the UK; and
those for Sao Paulo are 1.5 tonnes compared to 8.2 for
Brazil. Although this is not a complete global analysis, it
nonetheless suggests that — for a given level of economic
development — urban areas offer the opportunity to support
lifestyles that generate smaller quantities of GHG emissions.

Emissions per capita (tonnes of CO,eq per year)

Emissions within city

Direct emissions Life-cycle emissions®

Denver (US) n/d 215 243
Los Angeles (US) n/d 13.0 155
Cape Town (South Africa) n/d I1.6 n/d

Toronto (Canada) 8.2 1.6 144
Bangkok (Thailand) 48 10.7 n/d

New York City (US) n/d 10.5 122
London (UK) n/d 9.6 10.5
Prague (Czech Republic) 43 9.4 10.1
Geneva (Switzerland) 74 78 8.7
Barcelona (Spain) 24 42 46

Notes: n/d = not determined.

Source: Kennedy et al, 2009b

a Life-cycle emissions are associated with the transportation of goods and people outside city boundaries, and with the
production of key urban materials, including food, water and materials for shelter, but that may not be directly emitted
from within the cities’ geographical boundaries.

Urban emissions in developed countries

Many urban areas in developed countries have their origins
(or their change in scale) in the industrial revolution and the
rapid expansion of manufacturing during the 18th and 19th
centuries. The industrial hubs of northern England, the
Rhine-Ruhr Valley in Germany and the north-eastern sea-
board of the US all developed in close proximity to heavy raw
materials such as coal and iron ore. However, since the
middle of the 20th century, the economies of these regions
have shifted away from secondary industry into tertiary and
quaternary industries. As will be seen from the examples
discussed below, this means that their emissions from the
manufacture of products are relatively low. At the same time,
these urban areas have become centres of wealth and
consumption. The lifestyles of their residents — particularly
related to consumption and travel — generate a large carbon
footprint; yet this is seldom accounted for in emissions
inventories.

m Urban emissions in North America

Toronto, Canada, was one of the earliest cities to recognize
the need to reduce CO, emissions. In January 1990, the city
council declared an official target of reducing the city’s CO,
emissions to 20 per cent below the 1988 level by 2005.%" A
more recent survey estimated per capita emissions of 8.2
tonnes in 2001, compared to a Canadian average of 23.7
tonnes (in 2004).%2

A wide range of cities in the US have produced GHG
inventories, although only a few of these are discussed here
to highlight particular issues. The overall per capita GHG
emissions for Washington, DC, are relatively high compared
with the other North American cities — with a value of 19.7
tonnes CO,eq per capita each year, compared to a US
average of 23.9 tonnes. Although Washington, DC, is a
densely populated urban centre, with very little in the way
of industrial activities, it also has a relatively small population
(572,059 in 2000 in relation to the large number of offices
for government and related functions, and large sections are
very wealthy. In this regard, it would have been more appro-
priate (if data had been available) for comparative purposes
to compare with the emissions from the entire Washington,
DC, metropolitan area.”

New York City’s total GHG emissions were estimated
to be 61.5 million metric tonnes of CO,eq, which equates to
per capita emissions of 7.1 tonnes in 2007 (see Figure 3.4).
A detailed description of New York City’s contribution to
GHG emissions is presented in Box 3.2. New York City’s
emissions are relatively low for a wealthy city in a developed
country as a result of small dwelling sizes, high population
density, an extensive public transport system, and a large
number of older buildings that emphasize natural daylighting
and ventilation. Electricity accounts for about 38 per cent of
total CO,eq emissions. The New York City electricity fuel
mix is dominated by natural gas, but also includes coal, oil,
nuclear and hydropower. Natural gas is also the dominant
heating fuel and direct consumption of natural gas accounts
for 24 per cent of emissions.*

In the US as a whole, transportation is the largest end-
use sector, accounting for 33.1 per cent of total emissions in
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2007 city-wide CO,eq emissions by sector

Buildings = 77%

I Residential (32%)
I Commercial (24%)
[ Industrial (12%)
[ Institutional (9%)

Transportation = 22%
[ Transit 3%)
[ On-road vehicles (19%)

Other = 1%
Il Methane (1%)

Total = 61.5 million metric tonnes

[IT1] Diesel (3%)
[ Distillate fuel oil (9%)
I Electricity (38%)
[ Gasoline (17%)

Il Kerosene (1%)

Il Methane (1%)

[ Natural gas (24%)
[ Residual fuel oil (4%)
Il Steam (3%)

2007 city-wide CO,eq emissions by source

Total = 61.5 million metric tonnes

the country.” Emissions from transportation in New York
City were 13 million metric tonnes of CO,eq during the
fiscal year of 2007, or 22 per cent of the city’s total CO,eq
emissions, which was well below the average for the US.%
Although the city’s official inventory did not include GHG
emissions from aviation and shipping, emissions from
aviation have been estimated at 10.4 million metric tonnes,
while emissions from transportation of freight by water have
been estimated at 6.2 million metric tonnes.”” Residential
and commercial buildings each account for a larger share of
emissions than transportation, and, overall, buildings
account for 77 per cent of GHG emissions (although this
does include industry) (see Figure 3.4). The share of build-
ing-sector emissions in New York City is larger than in the
US as a whole both because of reduced transportation-sector
emissions resulting from an effective public transit network
and because of the city’s large and energy-intensive commer-
cial sector. Since buildings account for the majority of
emissions, this sector is likely to be the key focal point for
emissions reduction policies in New York City.

As noted in Box 3.2, New York City has set a target of
a 30 per cent reduction in government operations emissions
by 2030.% The GHGs emitted as a result of government
operations were 4.3 million metric tonnes CO,eq in 2007,
representing approximately 7 per cent of the city-wide total.
Similar to the city-wide results, buildings account for the
vast majority of city government emissions (63 per cent).
The city’s municipal vehicle fleet accounts for 8 per cent of
the total.”

New York City’s 2007 city-wide inventory showed
that CO,eq emissions decreased by 2.5 per cent between
2005 and 2007. Although energy consumption increased
between these two years, the carbon intensity of the
electricity supply decreased when two new efficient power
plants were introduced in 20006, displacing electricity gener-
ated from less efficient plants with higher CO,eq
coefficients. This change alone reduced emissions by approx-
imately 3.2 million metric tonnes (5 per cent reduction).
Milder winter and summer weather conditions in 2007
compared with 2005 also contributed to the reduction.
‘Heating degree days’ and ‘cooling degree days’, which
reflect the demand for energy needed to heat or cool a home
or business, decreased by 0.6 and 17.7 per cent, respec-
tively, from 2005 to 2007.100

A very different picture emerges from the emissions
inventory of Aspen, Colorado (US).!%! The inventory gives
an overall figure of 50 tonnes CO,eq per capita per annum,
but also shows how various methods for calculation can lead
to different results. Aspen is a major tourist destination, and
the figure includes a calculation to allocate emissions to this
group of temporary residents. If this is removed, then per
capita emissions for the resident population rise to 102.5
tonnes CO,eq. The overall figure includes air transportation
— and if this is removed, as well as tourist driving and
commuting to locations outside Aspen, then the equivalent
figure falls to 40.3 tonnes CO,eq. Whichever figure is used
is considerably higher than the US national average, and this
indicates the high emissions from relatively small towns in
predominantly rural areas. Aspen is a very wealthy town with
a high reliance on the tourism industry (which may be seen
as energy intensive in its own right), and requires substantial
heating because of its mountainous location.

A report by the Brookings Institution examines the
per capita carbon footprints of individuals (rather than
comprehensive GHG inventories) from the 100 largest
metropolitan areas in the US from 2000 to 2005.1%% The

Box 3.2 Contribution to GHG emissions, New York City, US

Figure 3.4

GHG emissions
inventory,
New York City, US

Source: City of New York, 2009

New York City’s
2007 city-wide
inventory showed
that CO,eq
emissions decreased
by 2.5 per cent
between 2005 and
2007




483

In comparison to
North American
cities, the
contribution of
urban areas in
Europe to climate
change is relatively
low

Very few detailed
emissions invento-
ries have been
produced by cities in
developing countries

China has recently
overtaken the US as
the world’s leading
total emitter of
GHGs, although its
per capita emissions
are significantly
lower

Cities and Climate Change

report concludes that despite housing two-thirds of the US
population and three-quarters of its economic activity, these
metropolitan areas emitted just 56 per cent of the country’s
GHG emissions from highway transportation and residential
buildings. However, the footprints that were assessed were
only partial, and included only highway transportation and
energy consumption in residential buildings — and not emis-
sions from commercial buildings, industry or non-highway
transportation. Even within these parameters, there were
large differences between metropolitan areas: from 1.36
tonnes per capita in Honolulu (Hawaii, US) to 3.46 tonnes
per capita in Lexington (Kentucky, US).

® Urban emissions in Europe

In comparison to North American cities, the contribution of
urban areas in Europe to climate change is relatively low.
This is as a result of several factors. European urban areas
tend to be more compact. They tend to have lower car
ownership and car usage rates, smaller, more fuel-efficient
cars, reducing emissions from private transportation. They
tend to have more effective public transportation networks,
which are deemed socially acceptable to a broader range of
individuals. Furthermore, urban areas in Europe have higher
levels of densification and lower levels of sprawling in
relation to North American cities.

The overall CO, emissions of London in 2006 were
44.3 million tonnes — representing 8 per cent of the UK’s
total emissions, and a slight decline from the 45.1 million
tonnes produced in 1990 despite a rise in population of 0.7
million people during the same time period.'% This reduc-
tion can be attributed to the halving of industrial emissions,
as industrial activity declined or has relocated to other parts
of the UK or overseas. The per capita emissions from London
are the lowest of any region in the UK, and at 6.2 tonnes per
capita, in 2006, were just over half of the national average of
11.2 tonnes per capita (see Table 3.11). Per capita emissions
from Glasgow at 8.4 tonnes per capita in 2004 are higher
than those for London; but this may also reflect the fact that
the analysis covered the entire area of Glasgow and the
Clyde Valley, an area comprised of eight local authorities and
covering an area of 3405 square kilometres. This area also
emits a higher than average quantity of agricultural
emissions due to a proportionally larger dairy farming sector
in the area.

Barcelona, the second largest city in Spain, had a
population of 1.6 million people within its administrative
unit in 1996. Over the period of 1987 to 1996, the total
emissions for the city grew from 4.4 million tonnes to 5.1
million tonnes. There was, however, a decline from 5.3
million tonnes to 4.9 million tonnes between 1992 and
1995. Part of this decline can be attributed to a decline in
population. Indeed, between 1987 and 1995, the population
of Barcelona shrank from 1.7 million to 1.5 million.
Barcelona’s relatively low level of per capita emissions can be
attributed to several factors. These include: the city’s
economy is primarily service based rather than manufactur-
ing based; 90 per cent of the city’s electricity is generated by
nuclear and hydro energy; the city’s mild climate and the
rarity of household air-conditioning systems; and the

compact urban structure, in which many residents live in
apartments rather than individual houses.!%

Given the reduced importance of manufacturing in
some cities, some inventories have been produced that only
take into account emissions associated with electricity, trans-
portation and waste generation. In Oeiras municipality (part
of the metropolitan area of Lisbon, Portugal, with a popula-
tion of 160,000), electricity accounted for 75 per cent of
municipal emissions in 2003. Other sources of emissions
were gaseous fuel consumption (11 per cent), waste in
sanitary landfills (8 per cent), liquid fuels consumption (5
per cent) and wastewater treatment (1 per cent). The total
municipal emissions in 2003 were 525,550 tonnes — or 3.3
tonnes CO,eq per capita.'% Liquid fuels serve as a proxy
for transportation. However, this only provides information
on the amount of fuel purchased, and not on the vehicle
kilometres driven within the municipality. In addition, it fails
to resolve important issues related to the allocation of
emissions from motor vehicles — whether these should fall in
the location of residence of the driver, the origin or destina-
tion of any given journey, or some combination of the above.

Emissions inventories for Geneva, Switzerland, show
annual within-city emissions of 7.4 tonnes CO,eq per capita,
and for Prague, Czech Republic, show annual within-city
emissions of 4.3 tonnes CO,eq per capita. If ‘life-cycle’
emissions are taken into account, these figures rise to 8.7
and 10.1 tonnes CO,eq per capita, respectively (see Table
3.12).

Urban emissions in developing countries

Very few detailed emissions inventories have been produced
by cities in developing countries. Cities in these countries
are frequently economic centres that contribute significantly
to the gross national product (GNP), and act as economic,
political, social and cultural centres. Consequently, these
cities are centres of consumption and wealth, with likely
consequences including higher per capita GHG emissions
than surrounding areas.

As manufacturing has declined in importance in devel-
oped countries, it has expanded rapidly in some developing
countries. Countries such as Brazil, China, India and South
Africa — encouraged by economic and geopolitical changes —
are now centres for global manufacturing. The relatively
cheap and plentiful supply of labour, and the increased ease
of transporting raw materials and finished products, means
that these countries can compete effectively on the world
market. Yet, this competition is not without costs, some of
which are associated with local environmental degradation
and others with the emission of GHGs. Current global proto-
cols for measuring emissions, and setting targets for their
reduction, solely address the location of production of these
GHGs, which means that some developing countries with
prospering manufacturing industries appear to be major
emitters.

Some developing countries play an increasingly
important role in contributing to global GHG emissions.
China has recently overtaken the US as the world’s leading
total emitter of GHGs, although its per capita emissions are



Box 3.3 Contribution to GHG emissions, Sao Paulo, Brazil

significantly lower.!% Brazil, China, India and South Africa
together form the ‘BASIC’ group of countries that — although
not part of the legally binding framework to reduce emis-
sions — recognize that their substantial emissions compel
them to take a more progressive role in international climate
negotiations. Specifically, these countries are at the fore-
front of the development of ‘nationally appropriate
mitigation actions’!” and the reduction in carbon intensity
of their industries, rather than absolute reductions in
emissions.

Box 3.3 provides an overview of the GHG emissions
from Sao Paulo, Brazil. As indicated, total annual emissions
from Sao Paulo are 15.7 million tonnes, or 1.5 tonnes per
capita. However, there is the potential for the transportation
and solid waste sectors in the city to engage in GHG mitiga-
tion activities — for example, through CDM projects such as
the landfill gas to energy project at Bandeirantes.

GHG emissions have also been calculated for Mexico
City, although the figures generated vary widely: from a total
of 34.9 million tonnes CO,eq in 1996 to 60.0 million tonnes
in 2000, and 62.6 million tonnes in 2004. This variation is a
result of the scarcity and inconsistency of official invento-
ries, and methodological issues related to the inclusion and
exclusion of emissions from solid waste and aviation.

The Contribution of Urban Areas to Climate Change

Solid waste disposal
(23.5%, 3,696,000 tonnes)

However, even at the higher level this equates to per capita
emissions of 3.6 tonnes per year, lower than the national
figure of 4.6 tonnes.!% Box 3.4 provides further insights on
GHG emissions for Mexico City.

In South Africa, CO, emissions have been calculated
from six large metropolitan areas (‘metros’), four industrial
towns/cities and five non-industrial towns/cities (see Table
3.13). The average annual per capita emissions from all these
urban areas is 8.1 tonnes of CO,. This is slightly lower than
the national average of 8.9 tonnes, but considerably higher
than the African average of 1.1 tonnes. When broken down
according to type of town, ‘non-industrial towns and cities’
have average per capita emissions of 3.4 tonnes; ‘metros’,
6.5 tonnes; and ‘industrial towns and cities’, 26.3 tonnes.
The averages for individual urban areas range from 1.7
tonnes for King Sabata to a massive 49.5 tonnes for Saldanha
Bay. The main sources of these emissions also vary substan-
tially. In industrial towns, manufacturing accounts for as
much as 89 per cent of the emissions, while in non-industrial
towns, this figure was only 36 per cent. This is reflected in
the CO, emissions per economic unit of value added, which
shows that this is much higher in industrial centres than in
service-oriented cities. Thus:
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Box 3.5 Contribution to GHG emissions,

Cape Town, South Africa

Box 3.4 GHG emissions and climate change in Mexico City

Assessments and comparisons done using the value creation through provision of low-energy-
CO,/unit of economic value created have to be intensity services to high-energy-intensity indus-
viewed with caution. Because of economic tries in Sedibeng ... the cities cannot be seen in
linkage between cities, economic value created isolation.'%

with relatively low CO, emissions in one city

might depend on the economic value created Further assessment of Cape Town’s GHG emissions shows
with much higher emissions in another. For that electricity use is responsible for 69 per cent of
example, while the City of Johannesburg meas- emissions (see Box 3.5). This high level of emissions is
ures 9.0 tonnes CO/R100,000 [South African related to the fact that 95 per cent of South Africa’s electri-
rand| compared with 133.0 tonnes CO,/ city generation is coal fired, with high levels of emissions for
R100,000 for Sedibeng, the City of Johan- given quantities of energy. By sector, transport accounts for
nesburg derives components of its economic 54 per cent of energy use, followed by commerce and indus-

Townlcity Population Total CO, emissions CO, per capita CO, per 100,000 South
(tonnes) (tonnes) African rand value added*

City of Cape Town 3,069,404 19,736,885 64 13.7
City of Johannesburg 3,585,545 19,944,863 5.6 9.6
City of Tshwane 1,678,806 13,537,109 8.1 12.7
Ekurhuleni 2,761,253 22,917,257 83 249
eThekwini 3,269,641 18,405,182 5.6 15.6
Nelson Mandela 1,013,883 4,754,204 47 138
Total for ‘metros’ 15,378,532 99,295,500 6.5 14.1
uMsunduzi 562,373 3,543,806 6.3 N/A
Saldanha Bay 79315 3,923,771 49.5 302
Sedibeng 883,772 25,257,942 286 1336
uMhlatuze 360,002 16,816,074 46.7 140.1
Total for ‘industrial towns/cities’ 1,885,462 49,541,593 26.3 123.1
Buffalo City 702,671 2,449,144 35 106.9
King Sabata 421,233 713,526 1.7 N/A
Mangaung 662,063 2,495,297 38 16.7
Potchefstroom 129,075 634,580 49 15.4
Sol Plaatje 196,846 882,234 45 139
Total for ‘non-industrial towns/cities’ 2,111,888 7,174,781 34 15.7
Total for towns/cities reviewed 19,375,882 156,011,874 8.1 13.0

M Total for South Africa 46,586,607 391,327,499 8.4 N/A

co . Notes: * In 2004, US$| was worth an average of 6.5 South African rand. N/A = not available.

, emissions from
South African urban Source: Sustainable Energy Africa, 2006
areas (2004)




try (29 per cent), residential (15 per cent) and local author-
ity (2 per cent).!10

[t needs to be emphasized that the responsibility for
these emissions is not distributed evenly throughout the
urban population. While more affluent urban residents
consume resources — including fuel for heating or cooling,
petrol or diesel for transportation, food items and consumer
goods with high levels of ‘embedded carbon’ — in similar
quantities to urban residents in developed countries, poorer
urban residents use very little of these resources. Although
this is an issue in all urban centres, it is particularly evident
in highly unequal societies.

A recent study in India showed that the average GHG
emissions of the wealthiest 1 per cent of the Indian popula-
tion are 4.52 tonnes CO,eq per annum, or more than four
times as much as the 1.11 tonnes CO,eq per annum gener-
ated by the poorest 38 per cent of the population.''! A
significant proportion of urban residents in low-income
countries have very low levels of GHG emissions because of
their limited use of fossil fuels, limited use of electricity, and
limited consumption of goods and services that require GHG
emissions for their production and transportation. Indeed,
many low-income urban dwellers whose livelihoods are
based on reclaiming, reusing or recycling waste may actually
generate negative emissions through these activities. 2

Various efforts are being made to reduce greenhouse
gas emissions in urban areas in low-income countries,
frequently in association with broader goals of improving air
quality and implementing more effective solid waste
management. In Dhaka (Bangladesh), motorized rickshaws
have been banned from using two-stroke petrol engines
since September 2002 and have been replaced by engines
using compressed natural gas.'!3 Although introduced more

Percentage of

global GHG emissions

Energy supply? 25.9
the largest cities.

One third to one half of emissions from city-based power stations.

Justification for estimating the proportion of GHGs from cities,
from the perspective of the location of activities that produced them

A high proportion of fossil fuel power stations are not in cities, especially
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as a measure to improve local air quality, compressed natural
gas engines can reduce lifetime greenhouse gas emissions
by 21 to 26 per cent.!' Similarly, a range of interventions
developed for the Dhaka Metropolitan Development
Planning Support System — including environmental and
physical quality, urban and infrastructure development,
social and economic development, governance, and educa-
tional and scientific development — have relevance to climate
change mitigation efforts.!!>

Estimating the global-level urban emissions

Any blanket statements about the total contribution of urban
areas or cities to GHG emissions need to be treated with
caution. There is no globally accepted definition of an urban
area or city, and there are no globally accepted standards for
recording emissions from sub-national areas. In addition,
there is little clarity on the relative allocation of responsibil-
ity from production- or consumption-based approaches. This
is made particularly clear in the South African cases
presented above, as well as in the comparison between
Japanese and Chinese cities in which vastly different propor-
tions of emissions can be attributed to the manufacturing
sector, which produces goods for consumption in many
other locations around the world.

At one extreme, it could be argued that urban areas
make no contribution to GHG emissions: that the economic
and social benefits, and environmental costs, associated with
their commercial, industrial and manufacturing sectors are
distributed more widely to individuals throughout countries,
regions and around the world. In this regard, individuals or
sectors could be deemed ‘responsible’ for certain levels of
emissions. At the other extreme, it could be argued that all

Percentage of GHGs
allocated to cities

86-13.0

Industry 19.4

A large proportion of heavy industry (which accounts for most GHGs from
industry) is not located in cities, including many cement factories, oil refineries,
pulp and paper mills, metal smelters.

Two-fifths to three-fifths of emissions in cities.

78-11.6

Forestry® 17.4

No emissions assigned to cities.

Agriculture 135

Some large cities have considerable agricultural output, but mostly because 0
of extended boundaries encompassing rural areas.
No emissions assigned to cities.

Transport 13.1

Private use of motor vehicles a large part of this. Should commuting by car

by those living outside cities be assigned to cities? Should city dwellers driving
outside city boundaries be assigned to their city!

60 to 70 per cent of emissions assigned to cities.

79-92

Residential and 79
commercial buildings

Large sections of middle- and high-income groups in developed countries
live outside cities — and a significant and increasing proportion of commercial
buildings are located outside cities.

60 to 70 per cent of emissions assigned to cities.

4.7-5.5

Waste and wastewater 28 More than half of this is landfill methane; but a proportion of this would 1.5
be released outside urban boundaries from waste generated inside cities.
54 per cent of emissions assigned to cities.
Total® 100 30.5-40.8

Notes:a A large part of this is from fossil fuel power stations. Excludes refineries, coke ovens, etc., which are included under industry.

b Land use and land-use changes.

¢ Total emissions for the GHGs covered by the Kyoto Protocol amounts to 49 billion tonnes of CO,eq.

Sources: based on Barker et al, 2007; Satterthwaite, 2008a, p544
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Cities’ share in ...

Cities and Climate Change

Global energy consumption 67 73
Global energy-related CO, emissions 71 76
Global anthropogenic GHG emissions 40-70 43-70

Source: Walraven, 2009

The contribution of
urban areas to various
aspects of climate
change

The climatic
situation of any
given urban area
affects the energy
demands for heating
and cooling

The geographical
location in relation
to natural resources
influences the fuels
that are used for
energy generation
and, hence, the
levels of GHG
emissions

human activities other than those directly associated with
rural land-use change and agriculture are urban in their
character. In this situation, all non-forestry and agriculture
emissions could be allocated to urban areas — which consti-
tute 69 per cent of total global emissions according to the
[PCC. Neither of these perspectives is valid — but they do
highlight that ‘drawing the line’ as to exactly how urban
areas ‘contribute’ to climate change is a highly subjective
process.

From the perspective of the location of production, it
has been suggested that cities (in this case, excluding smaller
towns and other small urban settlements) probably emit
between 30 and 40 per cent of all anthropogenic GHG
emissions (see Table 3.14). This is based on an analysis of the
contribution of different sectors to global emissions, and an
assessment of the proportion of each of these that is associ-
ated with cities.!'% Table 3.15 provides higher estimates of
the contribution of cities to global GHG emissions,'!”
although, in this case, cities refer to all urban areas, includ-
ing towns and other small urban settlements. It has been
suggested that various overestimates of urban contributions
to climate change are related to an Organisation for
Economic Co-operation and Development (OECD) report,
which states that 80 per cent of global energy use is linked
to cities.!!® Consequently, a production-based figure of 40 to
70 per cent, and a consumption-based figure of 60 to 70 per
cent has been presented.!!? The differences between
consumption- and production-based approaches will be
discussed in greater detail below. 20

FACTORS INFLUENCING
EMISSIONS

As the previous section showed, the contribution of urban
areas to GHG emissions in different countries — and even of
different urban areas within the same country — varies
greatly. This is due to a variety of factors, including differ-
ences in the sources of emissions.'?! This section examines
the main factors that affect the sectors generating GHGs -
namely, geographic situation, demographic variation, urban
form and the types of economic activities. None of these
factors operate in isolation, and it is perhaps more appropri-
ate to conceptualize the urban system as a whole —
recognizing that any urban area is intricately linked with
rural areas, urban areas within the same country, and has
international linkages. The discussion also looks at the
politics of measuring GHG emissions by discussing alterna-
tive approaches, such as ecological versus carbon footprints,
production-based versus consumption-based approaches,
and individual versus urban drivers of emissions.

Geographic situation

Various aspects of geography affect the contribution of urban
areas to climate change. These can be broadly categorized as
climatic situation, altitude and location in relation to natural
resources. The climatic situation of any given urban area
affects the energy demands for heating and cooling. High-
latitude locations have longer hours of darkness in the winter,
requiring additional energy consumption for lighting. High-
latitude locations are also colder in winter, with additional
heating requirements. Both space and water require heating,
and in many countries (e.g. the UK], the heating of water is a
major consumer of energy in residential households. Heating
requirements are usually met through the direct burning of
an energy source such as coal, oil or natural gas. In contrast,
space cooling through air conditioning is normally powered
by electricity. Urban areas in warmer locations therefore have
an emissions profile strongly influenced by the energy source
used to generate this.

In Spain, electricity demand shows an increasing
trend that can be linked to demographic, social and
economic factors. Within this trend, variations in consump-
tion can be seen as a result of particular weather conditions.
In the winter months, colder than normal days are associated
with increased electricity consumption for heating, whereas
in the summer months, warmer than normal days are associ-
ated with this for cooling, %2

In the US, the consumption of fuel oil and natural gas
by households is determined primarily by climate. There is a
very strong negative correlation between home heating-
related emissions and lower temperatures in January — a
factor that s, itself, determined by geographical location. 2%
In contrast, many locations in the US with particularly hot
summers (higher temperatures in July) have higher electri-
city consumption associated with space cooling. Solely
taking these issues into account, it has been noted that areas
with moderate temperatures have lower emissions and lower
associated expenditure on energy. Although comparable
studies have not been undertaken elsewhere, it is likely that
this pattern is replicated on a global level, with areas experi-
encing very hot or cold climatic conditions requiring a
greater use of energy for the cooling or heating of residential
and commercial buildings.

The geographical location in relation to natural
resources influences the fuels that are used for energy
generation and, hence, the levels of GHG emissions. This is a
factor of transportation costs: where a more efficient source
of fuel is available in close proximity to the city or town, it
can be used more economically. For example, urban areas
that are able to draw on nearby sources of natural gas will
emit a smaller volume of GHGs for a given amount of energy
than areas that rely on coal for energy. China’s continued
reliance on coal, which provides 70 per cent of its total
energy requirements, is largely due to the abundance of this
resource — China has the world’s third largest coal reserves
and is the largest coal producer in the world. In contrast,
countries with larger reserves of natural gas tend to be more
reliant on this cleaner source of energy. For example, the UK
has increased the proportion of its energy from natural gas
from 20 to 34 per cent between 1980 and 2003.'%*



The potential for using renewable sources of energy —
and the reductions in GHG emissions associated with this —
are also affected by locational factors. Some renewable
energy is entirely reliant on natural resources — for example,
the availability of large rivers for hydroelectric generation:
Rio de Janeiro and Sao Paulo (in Brazil) have low levels of
emissions from electricity generation for this reason. In
other locations, particularly in smaller or more arid regions,
large-scale hydroelectric generation is not a viable source of
energy. Wind, geothermal, tidal and wave energy all rely on
natural phenomena existing in particular locations, although
solar photovoltaic and solar thermal energy are less tied to
specific locations. %

Geographical location affects the type of economic
activities taking place in urban areas. Similarly, these can
both be environmental and social factors of location.
Historically, heavy industry has been located close to bulky
raw materials, particularly coal and iron ore. The new inter-
national division of labour, coupled with increasing
reductions in cross-border tariffs, means that spatial varia-
tion in the cost of labour are increasingly important in
determining the location of manufacturing activities.

The geographic level at which decisions on energy are
made can also influence emissions from urban areas.
Decisions to construct and operate nuclear power plants are
made at the country level, rather than at the city level.
Nuclear power generation — assessed purely from a GHG
emissions perspective — enables reduced climate impacts
from a given amount of energy; yet urban areas themselves
are unable to make decisions of this nature. National policy
decisions in France and Spain are one reason why city
emissions in these countries are lower than those of cities in
the UK.

Demographic situation

The relationship between population growth and GHG
emissions is complicated, and varies according to the level of
analysis. As can be seen from the wide variations in GHG
emissions from countries around the world, population size
in itself is not a major driver of global warming. At a global
level, the areas experiencing the highest rates of population
growth are areas with currently low levels of per capita
emissions. As Table 3.16 shows, the developing countries
with the highest rates of population growth have had much
lower rates of growth in their CO, emissions than developed
countries with much lower rates of population growth.
While larger urban populations do lead to increased total
sulphur dioxide emissions and transportation energy use,'20
there is no evidence to suggest that this results in higher per
capita emissions. Table 3.16 also shows that the increase in
CO, emissions in high-income countries has been signifi-
cantly higher than in the upper-middle income countries,
despite relatively similar rates of population growth.

The demographic composition of a society has a wide
range of effects on consumption behaviour and GHG
emissions. In some urban areas, changing age structures will
affect GHG emissions associated with energy use. Population
aging in the US has been shown to cause reductions in
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Income category in 2005 1950-1980 1980-2005
Growthin  GrowthinCO,  Growthin  Growthin CO,
population emissions population emissions

(%) (%) (%)

Low-income countries 36.0 5.6 521 128

Lower-middle income countries ~ 47.1 39.7 357 532

Upper-middle income countries 5.7 9.6 5.0 5.0

High-income countries 1.2 45.1 72 29.1

Source: Satterthwaite, 2009, p558

labour income and changes in consumption patterns — both
of which result in lower GHG emissions. Depending on the
factors taken into consideration, these savings can range
from 15 to 40 per cent of the emissions that would other-
wise be expected. Conversely, in China, estimates of GHG
emissions that incorporate aging suggest that this will
initially lead to higher emissions (as the proportion of the
population in the labour force and, hence, their power to
consume increases), followed by reduced emissions (as this
proportion declines).!?’

Another demographic change that may affect patterns
of GHG emissions from urban areas is the increasing trend
towards smaller households. In many developed countries
and some developing countries such as China, the average
household size has declined — meaning that the number of
households has expanded more rapidly than the total popula-
tion size. Economies of scale are therefore reduced, with the
result that the per capita energy consumption of smaller
households is significantly higher than that of larger house-
holds. 128

Paradoxically, the slowing of population growth may
result in increased emissions, as lower population growth and
smaller household sizes may be associated with a rise in the
number of separate households and increased disposable
income to be spent on consumption. The decline in fertility
in Brazil has been associated with a rapid rise in the number
of households. The total fertility rate declined from six births
per woman during the mid 1960s to replacement level in the
mid 2000s. While the population grew at an annual rate of
1.4 per cent between 1996 and 20006, the actual number of
households increased at an annual rate of 3.2 per cent. Over
the same time period, the number of ‘double income no kids’
households almost doubled (from 1.1 million to 2.1 million).
These households have relatively high incomes and the ability
to consume larger quantities of goods and services with
associated consequences for their total GHG emissions.'2?

The relationship between population size, population
composition and the contribution of urban areas to
climate change is therefore complex. As cities grow, they
concentrate the demand for fresh water and other natural
resources, and concentrate the production of pollutants and
GHGs. Cities with considerable local ecological impact —
such as Solapur, India, with 1.1 million people but low
average consumption — may have much smaller global
impacts than similar-sized cities (such as Perth, Australia, or
Portland, US). These latter cities have moderated their local
ecological impact by importing most of the goods that they
consume — potentially producing far larger global impacts.'3
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Taking this into account, it is not the absolute number of
people who live in urban areas that affects the contribution
of these areas to climate change. Rather, it is the way in
which these areas are managed, and the choices that are
made by the urban residents living there that have the great-
est effects.

Urban form and density*'

Urban form and density are associated with a range of social
and environmental consequences. On the one hand, the
extremely high densities of many cities in developing
countries — particularly in informal settlements and other
slums — result in increased health risks, and high levels of
vulnerability to climate change and extreme events. At the
other extreme, the extremely low densities of many subur-
ban areas in North America are associated with high levels of
household energy consumption as a result of sprawling
buildings and extensive car usage.

Urban sprawl refers to the increasing geographical
spread of urban areas into areas that were not previously
built up.'3? In many developing countries, the related
process of peri-urhanization is increasingly taking place.'3®
These interfaces are affected by some of the most serious
problems of urbanization, including intense pressures on
resources, slum formation, lack of adequate services such as
water and sanitation, poor planning, and degradation of
farmland. They are of particular significance in developing
countries, where planning regulations may be weak or
weakly enforced, and result in areas with complex patterns
of land tenure and land use.

At its simplest, urban density is measured by dividing
a given population by its area. In the case of urban areas, the
widely varying definitions of the spatial extent of these areas
lead to a great deal of difficulty in generating comparable
statistics for different towns and cities. Dividing the popula-
tion of a metropolitan area by the administrative area
contained within its official boundaries is a highly unreliable
measure — particularly for comparisons — because the density
will vary according to the definition of these boundaries.'34
In addition, standard measures of density are calculated over
an entire land area, without taking into account the levels of

Region Persons per square kilometre
1990 2000
Developed countries 3545 2835
Europe 5270 4345
Other developed countries 2790 2300
Developing countries 9560 8050
East Asia and the Pacific 15,380 9350
Latin America and the Caribbean 6955 6785
Northern Africa 10,010 9250
South and Central Asia 17,980 13,720
Southeast Asia 25,360 16,495
Sub-Saharan Africa 9470 6630
Western Asia 6410 5820
High-income countries 3565 2855
Upper-middle income countries 6370 5930
Lower-middle income countries 12,245 8820
Low-income countries 15,340 11,850
Source: adapted from Angel et al, 2005

connectivity. In this regard, the gradual transformation of the
urban form of Curitiba (Brazil) from a predominantly radial-
circular form to a more linear pattern of development has
reduced the city’s overall density, yet has facilitated the
development of a more rapid and effective public transporta-
tion system and various other social and environmental
benefits. 3

In general and at a global level, there is strong
evidence that urban densities have been declining over the
past two centuries.'3® Perhaps the most detailed and
compelling assessment of this phenomenon is provided by a
World Bank report that records the decline in the average
density of developed country cities from 3545 to 2835
people per square kilometre between 1990 and 2000.
During the same period, the average urban population
density in developing countries declined from 9560 to 8050
people per square kilometre.'3” The reduction in urban
densities is likely to continue into the future. It is estimated
that the total population of cities in developing countries will
double between 2000 and 2030; but their built-up areas will
triple from approximately 200,000 square kilometres to
approximately 600,000 square kilometres. During the same
period, the population of cities in developed countries is
projected to increase by approximately 20 per cent, while
their built-up areas will increase by 2.5 times: from approxi-
mately 200,000 square kilometres to approximately 500,000
square kilometres. These agglomerated figures for developed
and developing countries conceal a great deal of regional
variation (see Table 3.17). Southeast Asian cities were almost
four times as densely populated as European cities, and
almost eight times as densely populated as those in North
America and Australasia. When disaggregated by national
income levels, Table 3.17 shows that cities in low-income
countries are more than four times as densely populated as
cities in high-income countries.

In summary, spatially compact and mixed-use urban
developments have several benefits in terms of GHG
emissions:

*  Reduced costs for heating and cooling resulting from
smaller homes and shared walls in multi-unit dwellings
(see above).

e The use of energy systems covering a broader area (e.g.
district) for cooling, heating and power generation, as
well as lesser line losses related to electricity transmis-
sion and distribution. The use of micro-grids to meet
local requirements of electricity can create efficiencies
in storage and distribution.!33

* Reduced average daily vehicle kilometres travelled in
freight deliveries and by private motor vehicles per
capita. Population density increases accessibility to such
destinations as stores, employment centres and
theatres.'39 It has been found that with all other
variables constant except density, a ‘household in a
neighbourhood with 1000 fewer units per square mile
drives almost 1200 miles more and consumes 65 more
gallons of fuel per year’ over a household in a higher
density neighbourhood. %



m Urban density and greenhouse gas
emissions

Urban form and urban spatial organization can have a wide
variety of implications for a city’s GHG emissions. The high
concentrations of people and economic activities in urban
areas can lead to economies of scale, proximity and agglom-
eration — all of which can have a positive impact upon energy
use and associated emissions, while the proximity of homes
and businesses can encourage walking, cycling and the use
of mass transport in place of private motor vehicles.!4! Some
researchers suggest that each doubling of average neighbour-
hood density is associated with a decrease of 20 to 40 per
cent in per-household vehicle use with a corresponding
decline in emissions.'*2 An influential paper published in
1989 suggested that gasoline use per capita declines with
urban density, although this relationship weakens once GDP
per capita is brought into consideration.!4® It has also been
argued that ‘by the middle of the century the combination of
green buildings and smart growth could deliver the deeper
reductions that many believe are needed to mitigate climate
change’.144

A recent study of GHG emissions in Toronto (Canada)
deals with the issue of density explicitly. The study depicts
both the overall patterns of GHG emissions and examines
how these vary spatially throughout the Toronto Census
Metropolitan Area: as the distance from the central core
increases, private motor vehicle emissions begin to dominate
the total emissions.'#® This pattern is supported by an earlier
study, which found that low-density suburban development
in Toronto is 2 to 2.5 times more energy and GHG intensive
than high-density urban core development on a per capita
basis. 140

Density may also affect household energy consump-
tion. More compact housing uses less energy for heating. For
example, households in the US living in single-family
detached housing consume 35 per cent more energy for
heating and 21 per cent more for cooling than comparable
households in other forms of housing. In addition, dense
urban areas generate a more intense urban heat-island
effect!” that raises air temperature in a typical US city by
1°C to 3°C over the surrounding rural area. This increases
the number of ‘cooling days’ and decreases the number of
‘heating days’, with the latter tending to have a greater effect
on energy consumption. Consequently, residential buildings
in dense urban areas tend to consume lower levels of
energy.!4

Any assessment of changing density and changing
emissions needs to take multiple factors into account. It is
necessary to assess the GHG emissions of different types of
urban development both between different cities and within
the same city. While it appears that decreasing urban density
may be implicated in increasing GHG emissions, the data are
affected by a variety of other variables, including overall
income levels. For example, cities in South Asia are not only
more densely settled than cities in North America, but also
have much lower GHG emissions. The difference in the
latter is due much more to income and consumption
patterns than to variations in income levels. For example,
London’s annual emissions declined from 45.1 to 44.3
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million tonnes between 1990 and 20006, despite the popula-
tion growing by 0.7 million people, the built-up area
increasing from 1573 to 1855 square kilometres, and urban
density decreasing from 6314 to 5405 persons per square
kilometre.'*? In this particular situation, per capita GHG
emissions appeared to decline at the same time as urban
density declined. While it may appear that the decreased
density did not influence GHG emissions, in fact the decline
in emissions can be attributed to the halving of industrial
emissions, as industrial activity has relocated to other parts
of the UK or overseas.

Dense urban settlements can therefore be seen to
enable lifestyles that reduce per capita GHG emissions
through the concentration of services that reduces the need
to travel large distances, the better provision of public trans-
portation networks, and the constraints on the size of
residential dwellings imposed by the scarcity and high cost of
land. Yet, conscious strategies to increase urban density may
or may not have a positive influence on GHG emissions and
other environmental impacts. Many of the world’s most
densely populated cities in South, Central and Southeast Asia
suffer severely from overcrowding, and reducing urban
density will meet a great many broader social, environmental
and developmental needs. However, people do often wish to
stay in the same location, and improvements can be achieved
through upgrading. High urban densities can cause localized
climatic effects, such as increased local temperatures.'*® In
addition, a variety of vulnerabilities to climate change are also
exacerbated by density. Coastal location, exposure to the
urban heat-island effect, high levels of outdoor and indoor air
pollution, and poor sanitation are associated with areas of
high population density in developing country cities.!>!
However, these also provide clear opportunities for simulta-
neously improving health and cutting GHG emissions through
policies related to transport systems, urban planning, building
regulations and household energy supply.'%?

However, it should be noted that density is just one of
a variety of factors that influences the sustainability of urban
form. It has been argued that compactness alone is neither a
necessary nor sufficient condition for sustainability,'** and
at least seven design concepts for a sustainable urban form
have been identified — namely, compactness, sustainable
transport, density, mixed land uses, diversity, passive solar
design, and greening.!>* Based on these criteria, the
‘compact city’ model is identified as being most sustainable,
followed by the ‘eco-city’, ‘neo-traditional development’ and
‘urban containment’ — although this classification and
ranking is based on reviews of literature rather than empiri-
cal research. A more complex relationship between land use
and GHG emissions involves a model that also takes into
account landscape impacts (deforestation, carbon sequestra-
tion by soils and plants, urban heat island), infrastructure
impacts, transportation-related emissions, waste manage-
ment-related emissions, electric transmission and distrib-
ution losses, and buildings (residential and commercial).
There are complex relationships between these factors — for
example, denser residential areas may have lower levels of
car use, but simultaneously present fewer options for carbon
sequestration.!*
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Although the relationship between urban density and
GHG emissions is complex, there are certain directions that
can be identified that are of relevance for urban policy.
These do not amount to wholesale recommendations in
favour of densification, but rather look at strategically assess-
ing population distributions in a manner that contributes to
broader goals of climate change mitigation. Encouraging
densification at an aggregate level — for example, within
administrative boundaries — risks neglecting the important
environmental and social roles played by gardens and open
spaces. It is also worth considering the different housing
needs for individuals at different life stages, and reconsider-
ing the notion of ‘housing for life’ that has been prevalent in
many national housing policies. In this regard, dense settle-
ment patterns may meet the needs of certain groups within
society, but not others.

In general, density provides the potential for access to
and greater use of public transport and of walking and
cycling — where urban space is designed to meet the needs
of users. A study of London shows a ‘positive link between
higher density areas and levels of public transport access
across London, which is reflected in the decisions that
people make about how to get to work’.!>0 It further
concludes that ‘on balance, people will use public transport
where it is available, especially in high density, centrally
located areas’. People appear willing to ‘trade off’ more
space in their home for other qualities of a residential area,
including personal and property safety, the upkeep of the
area, and proximity to shops and amenities.

Localized areas of relatively high densities are
required to generate greater efficiencies in the usage of
public transportation; but this can be consistent with
meeting a variety of other demands from urban residents. Of
course, the precise form that these transportation networks
— and other urban networks for supplying electricity, water,
etc. — should take requires detailed local study. Overall,
density is one of several factors that affects energy use (and,
by extension, GHG emissions) from towns and cities.
Addressing these issues requires ongoing analysis of urban
processes rather than simply taking a snapshot of urban form
at a particular moment in time.

The uses of land and spatial distribution of population
densities within an urban area define its structure or form.
Urban spatial structures play a major role in determining not
only population densities, but also the transportation mode
(e.g. the relative importance of public versus private modes)
and with it cities’ levels of energy use and GHG emissions.
While urban structures do evolve with time, driven by
changes in the localization of economic activities, real estate
developments and population, their evolution is slow and
can seldom be shaped by design. The larger the city, the less
it is amenable to change its urban structure.

Four urban structures or forms can be distin-
guished."” In the first, mono-centric, represented by such
cities as New York (US), London (UK), Mumbai (India) and
Singapore, most economic activities, jobs and amenities are
concentrated in the central business district (CBD). Here
authorities should focus on promoting public transport as
the most convenient transport mode, for most commuters

travel from the suburbs to the CBD. In the second, poly-
centric, exemplified by such cities as Huston (US), Atlanta
(US) and Rio de Janeiro (Brazil), few jobs and amenities are
located in the centre and most trips are from suburb to
suburb. A very large number of possible travel routes exists,
but with few passengers per route. Therefore public trans-
port is difficult and expensive to operate and individual
means of transportation or collective taxis are and should be
promoted as the more convenient transportation options for
users. The third one, composite (or multiple-nuclei) model, is
the most common type of urban spatial structure containing
a dominant centre together with a large number of jobs
located in the suburbs. Most trips from the suburbs to the
CBD are made and should be promoted by public transport,
while trips from suburb to suburb are made with individual
cars, motorcycles, collective taxis or minibuses. The fourth,
also called urban village model, does not exist in the real
world, but can be found only in urban master plans. In this
model, urban areas contain many business centres,
commuters travel only to the centre which is the closest to
their residence and have more opportunities to walk or
bicycle to work. It is an ideal because it requires less trans-
portation and roads, thus, in theory, dramatically reducing
distances travelled, energy used and, as a consequence,
emissions of GHGs and other pollutants. However it is not
feasible, as ‘it implies a systematic fragmentation of labour
markets which would be economically unsustainable in the
real world’, 1%

The urban economy

The types of economic activities that take place within urban
areas also influence GHG emissions. Extractive activities
(such as mining and lumbering) and energy-intensive
manufacturing are obviously associated with higher levels of
emissions — especially when the energy for these is supplied
from fossil fuels. However, there are fewer of these activities
in many cities in developed countries, as lower transporta-
tion costs and the lower cost of labour elsewhere have
encouraged industries to relocate elsewhere. In London, for
example, industrial emissions halved between 1990 and
2006, as industrial activity has relocated to other parts of the
UK or overseas. '

Yet, all urban areas rely on a wide range of manufac-
tured goods (produced within the urban area or elsewhere),
and manufacturing areas similarly rely on the services
provided by certain urban centres. This relationship can exist
within countries. In South Africa (and as noted above), the
industrial town of Sedibeng (population of 880,000 and
annual per capita emissions of 28.6 tonnes CO,eq) is linked
with the services provided by the City of Johannesburg
(population 3.6 million and annual per capita emissions of 5.6
tonnes CO,eq) (see Table 3.13). As described above, this
process exists across national boundaries with many of the
world’s cities acting as centres for the trading of commodities
and consumption of manufactured goods, while generating
few emissions from within their own boundaries. With this in
mind, the next section examines alternative approaches on
how to measure the emissions from urban areas.



The influence of the urban economy on patterns of
emissions can be seen in the large variations in the propor-
tion of a city’s GHG emissions that can be attributed to the
industrial sector.'® Industrial activities in many rapidly
industrializing developing countries (such as China) are
responsible for a large proportion of urban GHG emissions.
Indeed, while 12 per cent of Chinese emissions were due to
the production of exports in 1987, this figure had increased
to 21 per cent in 2002 and 33 per cent (equivalent to 6 per
cent of total global CO, emissions) in 2005.1°" A recent
paper on this issue describes the situation as follows:

... 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
jt.162

In contrast, GHG emissions from the industrial sector in
cities elsewhere are much lower, generally reflecting a
transition to service-based urban economies. Industrial activ-
ities account for just 0.04 per cent in Washington, DC (US)
(largely because of the narrow spatial definition of the
District of Columbia); 7 per cent in London (UK]; 9.7 per
cent in Sao Paulo (Brazil); and 10 per cent in Tokyo (Japan)
and New York City (compared to 29 per cent for the US as a
whole). The declining importance of industry in causing
emissions is evident in several cities. In Rio de Janeiro, the
industrial sector’s proportion of emissions declined from 12
per cent in 1990 to 6.2 per cent in 1998; and in Tokyo, it
declined from 30 to 10 per cent during the last three
decades. 3

The politics of measuring emissions

There are striking differences in the contribution of different
urban areas to climate change. Measured purely in terms of
direct emissions per person from a given urban area, these
may vary by a factor of 100 or more. As noted earlier in this
chapter, different ‘scopes’ of emissions may be taken into
account!® (see Tables 3.2 and 3.4). In practice, GHG
emission inventories from urban areas that include Scope 3
emissions are very rare. And the extent to which these
Scope 3 emissions (i.e. indirect or embodied emissions) are
included is very arbitrary and there is no agreement as to a
comparable framework to compare emissions of this type
between urban areas. If Scope 3 or embodied emissions are
included, it is likely that the per capita emission of GHGs
allocated to a city will increase significantly — particularly if
the city is large, well-developed and with a predominance of
service and commercial activities.!9 In addition, it is almost
impossible to compile a comprehensive inventory of Scope 3
emissions that takes into account all the consumption of the
individuals living in an urban area. In other words, ‘emissions
can be attributed either to the spatial location of actual release
or to the spatial location that generated activity that led to the
actual release’.'® A detailed Scope 3 inventory should also
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subtract the embodied energy in goods made in that city and
subsequently exported.

The data presented in this chapter show that urban
areas with a heavy concentration of industrial and manufac-
turing activities have high levels of GHG emissions. They
also show that wealthier urban areas have high emissions —
although these may be lower than non-urban but equally
wealthy areas. The per capita emissions of GHGs by individu-
als including those caused by the goods they consume and
wastes they generate vary by a factor of more than 1000
depending on the circumstances into which they were born
and their life chances and personal choices. Obviously, their
lifetime contribution is also influenced by how long they
live. Poorer groups with low annual per capita emissions
often have life expectancies of 20 to 40 years less than
high-income groups. Unsustainable levels of consumption,
which drive the processes of production, are therefore
crucial to understanding the contribution of urban areas to
climate change. This section thus discusses alternative
approaches on how to calculate the contribution of urban
areas to climate change, thereby helping to provide a frame-
work for understanding and addressing the root causes of
GHG emissions.

As noted above, urban areas in different countries,
and even within the same country, have different emissions
profiles according to environmental, economic, social, politi-
cal and legal differences over space and across national
boundaries. This influences the balance of production and
consumption of GHGs, as many of the most highly emitting
activities have been displaced to rapidly industrializing devel-
oping countries. The Kyoto Protocol — and its likely successor
treaty — also creates incentives for developed countries'®” to
reduce the emissions from within their national boundaries,
which may create perverse incentives for raised levels of
emissions in developing countries which are not subject to
these constraints. However, the principle of ‘common but
differentiated responsibilities’!% adopted in the negotiations
ought to prevent this from happening. Similarly, as the
concept of ‘nationally appropriate mitigation actions’'%
becomes adopted at the local level, positive incentives may
be created to encourage urban areas to reduce their
emissions in contextually appropriate ways.

In particular, political forces and the policy environ-
ment — at the global, national and local levels — can be a
strong underlying factor in shaping GHG emissions. At the
global level, the establishment of national targets for devel-
oping countries'”? is an important factor driving reductions
in emissions. The implementation of CDM projects — in
which emissions reductions in developing countries are
supported by developed country actors — can also shape
emissions patterns. Where local and national governments
in developing countries support CDM activities,!”! this can
have a substantial local impact upon local emissions. At
the same time, local governments can shape city emissions
through several different pathways: through undertaking
emissions reductions activities in their own activities (e.g.
local authority buildings and vehicle fleets); through chang-
ing the legislative environment (e.g. through increased
taxation on highly polluting industries or tax incentives
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encouraging the use of low-carbon technology); and through
encouraging behavioural change among citizens (e.g.
through mass awareness or educational programmes).'’?

m Ecological footprints versus
carbon footprints

One useful approach for calculating GHG emissions from
urban areas is to consider ecological footprints. The ecologi-
cal footprint is a concept that measures the area of the
Earth’s surface required to provide the consumption needs
of an individual, urban area or country. The concept of the
ecological footprint recognizes that larger areas of land are
required to sustain life inside urban areas than are contained
within municipal boundaries of the built-up area — with this
area being much larger for wealthy cities.!”3 Most cities and
regions depend on resources and ecological services —
including food, water and the absorption of pollutants — from
outside their boundaries; many depend on those from
distant ecosystems; and the environmental consequences of
urban activities are thus felt globally or in distant regions.
Ecological footprint analysis has been used in recent years to
develop a related concept: the carbon footprint (see Box
1.1). A full carbon footprint therefore takes into account all
the emissions included in ‘Scope 1’, ‘Scope 2" and ‘Scope 3,
but places a greater emphasis on the indirect emissions from
products and services that are consumed but not directly
controlled.

Although often used interchangeably, the implications
of an emissions inventory and a carbon footprint can there-
fore be quite different. The emissions inventory is derived
from the UNFCCC model of national inventories that
accounts for GHG emissions produced within a geographi-
cally defined boundary. In contrast, the carbon footprint is
derived from the concept of the ecological footprint, and is
focused on the GHG emissions associated with the consump-
tion of goods and services. The origin of GHG emissions is
therefore better understood through the use of consump-
tion-based assessments. In relation to ecological footprints,
it has been concluded that ‘wealthy nations appropriate
more than their fair share of the planet’s carrying capac-
ity’.174 Similarly, the use of a consumption-based analysis of
emissions, derived from a carbon footprint approach, will
help to make it clearer which countries, urban areas and
individuals are responsible for more than their fair contribu-
tion to global climate change.

m Production-based versus consumption-
based approaches

The use of a production-based approach to assessing the
contribution of urban areas to GHG emissions can lead to
perverse and negative effects. Urban areas will be able to
reduce their emissions through creating disincentives for
dirty economic activities that generate high levels of GHGs
(e.g. heavy industry), and incentives for clean economic
activities that generate much smaller emissions (e.g. high-
tech industries). This situation can already be seen: many
polluting and carbon-intensive manufacturing processes are
no longer located in Europe or North America, but have been
sited elsewhere in the world to take advantage of lower

labour costs and less rigorous environmental enforcement.
Since developing countries are not required to reduce
emissions under the UNFCCC, a process of ‘carbon leakage’
can take place, where emissions are moved rather than
reduced.!” Yet, climate change is a global phenomenon:
emissions of a given quantity of CO, have the same effect on
the global climate wherever in the world these are released.
From the perspective of global climate change, the conse-
quences are the same irrespective of whether an industry is
located within the urban areas or rural areas of a developed
or a developing country. The underlying drivers for these
emissions are the demands of consumers who desire particu-
lar products. Thus, an assessment of the contribution of
urban areas to climate change needs to reflect the location of
the people making these demands.

At a national level, input—output analyses have been
used to show national average per capita carbon footprints.
These take into account construction, shelter, food, clothing,
mobility, manufactured products, services and trade.
National average per capita footprints vary from approxi-
mately 1 tonne CO,eq in many African countries to
approximately 30 tonnes CO,eq in Luxembourg and the US.
The proportion of these emissions attributed to internal
consumption varies greatly: with low figures in small city-
states and countries with low levels of imports (e.g. 17 per
cent in Hong Kong and 36 per cent in Singapore) and high
figures in major industrial and manufacturing countries (e.g.
04 per cent in China and 95 per cent in India) and in
countries with low levels of imports as a result of poverty
(e.g. 90 per cent in Madagascar and Tanzania).!”® This
method for measuring responsibility shows clearly that the
countries with high levels of consumption and imports are
responsible for much greater volumes of GHG emissions
than a production-based approach would indicate.

The use of a production-based system to assess the
contribution of urban areas to climate change diverts atten-
tion and blame from the high-consumption lifestyles that
drive unsustainable levels of GHG emissions. This system
fails to identify the areas in which interventions are required
to reduce emissions by focusing attention on only one part of
multiple complex commodity chains. In addition, analysing
emissions at a city level generates a variety of logistical
problems. For instance, there are large information gaps
(particularly in developing countries); different information
is available at different geographic levels; and political
boundaries of cities may change over time and often include
both rural and urban populations (as is the case for Beijing
and Shanghai in China).'””

Production-based emissions methodologies therefore
distort the responsibility of different cities for generating
GHGs. Different types of cities will be affected in different
ways by this approach: ‘in service-oriented cities, consump-
tion-related emissions are more important than those
produced by production’.!”® Consequently, the responsibility
of successful production-oriented centres such as Beijing
and Shanghai is exaggerated, while that of wealthy service-
oriented cities including many cities in North America and
Europe is underemphasized. The fact that Beijing and
Shanghai have per capita emissions of more than twice the



Chinese average therefore reflects not only the relative afflu-
ence of these cities (and the spatially uneven incorporation
of different parts of China into global economic networks),
but also the role that they play in manufacturing consumer
products that are used elsewhere in China and throughout
the world.

In contrast, a consumption-based approach attempts
to address the origin of emissions in a more comprehensive
manner. This type of accounting system would result in a
lower level of GHG emissions to developing countries (with
a likely substantial reduction in the GHG emissions allocated
to China and Chinese cities), and should — in theory — influ-
ence consumers in developed countries to assume
responsibility for choosing the best strategies and policies to
reduce emissions.'”® Consumption-hased mechanisms inher-
ently have greater degrees of uncertainty (as there are many
more systems to be incorporated in the final calculation); but
they do provide considerable insight into climate policy and
mitigation, and should probably be used at least as a comple-
mentary indicator to help analyse and inform climate
policy.'30 They respond to broader concerns about sustain-
ability by ensuring that as well as improving environmental
performance within city boundaries, there is a reduction in
the transfer of environmental costs to other people, distant
places or future times. '8!

A consumption-based approach can also be bench-
marked against global needs to limit GHG emissions to
prevent dangerous climate change. The best available
estimates suggest that annual global GHG emissions need to
be reduced from approximately 50 billion tonnes to 20
billion tonnes CO,eq per year by 2050. With an estimated
global population of 9 billion in 2050, this means that
individual carbon footprints around the world will have to be
at an average of less than 2.2 tonnes per year. In particular, it
must be recognized that different locations have access to
different sources of energy: and a fair allocation of emissions
should not mean that individuals or urban areas located in
geographical proximity to abundant geothermal or hydroelec-
tric sources of energy are able to cash in these spatial
advantages to produce greater emissions from other activi-
ties. Climate change is, indeed, a global challenge, and needs
to be addressed with global solutions.

Recent research has highlighted the role of urban food
consumption in generating GHG emissions. The processes
involved in the production and distribution of food for urban
consumption use significant amounts of energy and also
generate substantial GHG emissions. Fruits and vegetables
consumed in developed countries often travel between
2500km and 4000km from farm to store.'® In North
America, for example, the average food product in the super-
market has travelled 2100km before ending up on a shelf
and the food system accounts for some 15 to 20 per cent of
the energy consumption in the US.!83 Research has also
shown that a basic diet composed of imported ingredients
can use four times the energy and produce four times the
GHG emission than an equivalent diet with local ingredients.
The potential for localized urban food production and
consumption in promoting energy efficiency and reducing
GHG emissions is clear.
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However, this needs to be seen alongside the develop-
ment benefits that the export of agricultural products can
bring to developing countries. Air-freighted products are
frequently seen as major problems in the emission of GHGs;
yet the issues are much more complex. In the UK, fresh
produce air-freighted from Africa is responsible for less than
0.1 per cent of national emissions — and the emissions from
sub-Saharan African countries are minuscule in the first
place. At the same time, more than 1 million African liveli-
hoods are supported by growing this produce.'® In addition,
some agricultural practices that reduce ‘food kilometres’ —
such as using greenhouses to grow tropical crops in temper-
ate latitudes — can have a larger impact upon emissions than
the distance travelled.

Distinct challenges are associated with consumption-
based approaches to measuring the contribution of
individuals and urban areas to climate change; yet these can
provide considerable insights into climate policy and mitiga-
tion.'® In practice, both production- and consumption-based
approaches will continue to be required. Table 3.18
shows the main driving forces for GHG emissions from both
perspectives. In many sectors — particularly in energy,
transport, and residential and commercial buildings — inter-
ventions to address production-related emissions are similar
to those addressing consumption-related emissions. In terms
of industry, however, a consumption-based approach places
an added emphasis on the global dimensions of emissions —
spreading the net wider in terms of where the impacts of
individual activities are actually felt. Addressing emissions
from a consumption-based approach is therefore much more
about reducing emissions rather than merely shifting them
elsewhere.

Consumption-based approaches help to ensure that
the allocation of responsibility for GHG emissions simultane-
ously addresses concerns of climate, environmental and
gender justice. Of course, global action is required to reduce
the risks of climate change — yet the burden for meeting this
goal should not fall on individuals or urban areas that have
little responsibility for it.'® Rather, a consumption-hased
analysis ensures that the responsibility for addressing this
problem lies with the individuals, urban areas and countries
who have the greatest responsibility for causing it. Similarly,
production-hased inventories mask the gendered nature of
individual energy-use patterns.'®” Indeed, one study
suggests that more men than women own cars in Sweden,
and concludes that ‘if women’s consumption levels were to
be the norm, both emissions and climate change would be
significantly less than today’.!88

m Individual versus urban drivers of emissions

The preceding discussion makes it clear that consumption is
perhaps the most important driver of GHG emissions. In this
regard, individuals can be seen as the basic unit affecting
emissions. It is the consumption choices and behaviour of
individuals that ultimately lead to the use of energy and the
production of GHGs. However, it needs to be stressed that
the choices that individuals make are shaped by structural
forces in the areas in which they live. For example, individu-
als living in urban areas with effective integrated public
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Table 3.18

Urban GHG emissions:
Production versus
consumption
perspectives

High levels of
wealth and
disposable income
lead to generally
high levels of
consumption and,
hence, GHG
emissions

Women tend to
contribute less to
climate change as an
outcome of
consumption
patterns, social
roles and
pro-environmental
behaviour
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Sector

Production perspective

What drives growing GHG emissions in urban areas?

Consumption perspective

in what is produced; importance of industries producing
goods whose fabrication entails large GHG emissions
(e.g. motor vehicles).

Energy supply: A large proportion comes from fossil fuel power GHGs from energy supply now assigned to consumers of energy
stations — hence, a growth in electricity provision supplies/electricity, so growth in GHG emissions is driven by increasing
from high GHG-emitting sources. Many large fossil energy use; consumers are also allocated the GHGs from the energy used
fuel power stations are located outside urban areas; to make and deliver the goods and services that they consume.
but the GHG emissions from the electricity used in
urban areas are usually allocated to these urban areas.

Industry: Growing levels of production; growing energy intensity GHGs from industries and from producing the material inputs that they

draw on no longer allocated to the enterprises that produce them, but
rather to the final consumers of the products, so again GHG growth driven
by increased consumption.

Forestry and Many urban centres have considerable agricultural

GHGs from these no longer allocated to rural areas (where they are

and governance:

agriculture: output and/or forested areas, but mostly because of produced), but rather to the consumers of their products (many or most in
extended boundaries that encompass rural areas; from urban areas); note how energy intensive most commercial agriculture has
the production perspective, GHGs generated by become;also the high GHG implications for preferred diets among
deforestation and agriculture are assigned to rural areas.  high-income groups (including imported goods, high meat consumption,

etc.).

Transport: Growing use of private motor vehicles; increases in As in the production perspective; GHG emissions from fuel use by people
average fuel consumption of private motor vehicles; travelling outside the urban area they live in are allocated to them (thus,
increased air travel (although this may not be allocated includes air travel);also concern for GHG emissions arising from investment
to urban areas). in transport infrastructure.

Residential/ Growth in the use of fossil fuels and/or growth in As in the production perspective, but with the addition of GHG emissions

commercial electricity use from fossil fuels for space heating and/or  arising from construction and building maintenance (including the materials

buildings: cooling, lighting and domestic appliances. used to do s0).

Waste and Growing volumes of solid and liquid wastes and of Large and often growing volumes of solid and liquid wastes with GHGs;

wastewater: more energy-intensive waste. these are allocated to the consumers who generated the waste, not to the

waste or waste dump.

Public sector N/A Conventional focus of urban governments on attracting new investment,

allowing urban sprawl and heavy investment in roads, with little concern for
promoting energy efficiency and low GHG emissions.

Source: based on Satterthwaite, 2009, pp548-549

Notes: For a discussion of mitigation action based on these two perspectives, see Table 5.11.N/A = not available.

transportation systems or safe, well-maintained bicycle
pathways will be much more able to reduce distances
travelled by car. As an increasing proportion of the world’s
population lives in urban areas, the choices that are made in
relation to investments in urban infrastructure will have a
growing role in determining future GHG emissions.

In developed countries, high levels of wealth and
disposable income lead to generally high levels of consump-
tion and, hence, GHG emissions, as is evident from some of
the national inventories discussed earlier in this chapter.'®
As was also discussed, the economies of scale and the advan-
tages of density mean that urban residents in these countries
tend to generate fewer GHG emissions than the national
average — at least from a production perspective. Individual
drivers of emissions in urban areas in developed countries
are still — obviously — related to personal consumption
habits. Yet, at the same time, the consumption patterns of
wealthy residents in developing countries also drive up
national GHG emissions. It should also be noted that in
developing countries, average incomes in urban areas are
often substantially higher than in rural areas. Individuals and
households with higher incomes — and greater consumption
— are therefore likely to be concentrated in these urban
areas.

The behaviour of urban residents is shaped by cultural
and social contexts. These factors can drive individual
choices that affect emissions, including the choice of car,
decisions about transportation modes and the ways in which
energy is used at home (switching off lights, managing
heating and cooling), all of which can make a difference to

urban emissions.'% More broadly, the values placed on
leading more self-sufficient lives can affect a wide range of
consumption decisions and, therefore, emissions generation.

These contexts include gender roles and expecta-
tions. On average, women tend to contribute less to climate
change as an outcome of consumption patterns, social roles
and pro-environmental behaviour.'! In general, people
living in poverty tend to contribute less to climate change,
and more women than men in almost all societies live in
poverty. Prescribed gender roles mean that women tend to
participate in different activities than men, and frequently
travel less for business purposes. In addition, there is
evidence that women in developed countries are more likely
to consider the environmental impact of purchasing
decisions. However, this analysis needs to be tempered by
the fact that for various activities — particularly household
services such as heating and food preparation — it is impossi-
ble to disaggregate the relative contribution of different
members within the same household. Yet, despite their
lower contribution to climate change, women are more likely
to be affected by its impacts.!%2

However, these individual choices need to be seen in
the context of the provision (or lack) of particular forms of
infrastructure that can lead to marked differences in urban
emissions. The same per capita electricity consumption can
give widely diverging per capita GHG emissions based on the
energy pathways adopted at the urban and national level.
Among the factors leading to Tokyo’s lower emissions than
those in Beijing and Shanghai are its efficient urban infra-
structure, greater reliance on lower-emitting sources of



energy generation, and more efficient end-use technology, as
well as the different types of industrial activities taking
place.'” Independently of the level of affluence, a well-
managed city with a good public transportation system,
whose population has access to water and sanitation, to
adequate health services and to a good quality of life, is likely
to have fewer problems in dealing with a wide range of
environmental challenges — including climate change — than
a city that is poorly managed.

Most US cities have three to five times the gasoline
use per person of most European cities; yet it is difficult to
see that Detroit has five times the quality of life of
Copenhagen or Amsterdam. Indeed, wealthy, prosperous
and desirable cities can have relatively low levels of fuel
consumption per person.'®* Most European cities have high-
density centres where walking and bicycling are efficient and
pleasant modes of transport and public transportation is
often well-planned and effective. In this regard, well-planned
and well-governed cities are central to delinking high living
standards and high quality of life from high consumption and
high GHG emissions. %

However, it should be remembered that cities and
towns also contain areas that have high concentrations of
poverty and vulnerability, and many residents of these areas
will have extremely low emissions. For low-income house-
holds in most developing countries, recent demographic and
health surveys show that fuel use is still dominated by
charcoal, firewood or organic waste. Where access to this is
commercialized — as is the case in many urban centres — total
fuel use among low-income residents will be low because of
its high cost. If urban households are so constrained in their
income levels that families can afford only one meal a day,
their consumption will be generating only miniscule
amounts of GHGs. Moreover, low-income urban households
use transport modes (walking, bicycling or public transporta-
tion) with no or low emissions — most of which is used to
more than full capacity.!%

CONCLUDING REMARKS
AND LESSONS FOR POLICY

Activities taking place in urban areas — including the actions
of individual urban residents — generate a range of GHGs
that contribute to climate change. Assessing the contribu-
tion of cities to climate change is an important step in
developing locally appropriate mitigation actions. The recent
launch of a standard methodology that can be used by urban
areas around the world to produce comparable data is an
important component of this. Yet, as has been shown in this
chapter, assessing the contribution of cities to climate
change is not a straightforward process, and there has been
substantial debate about the proportion of global emissions
that can or should be attributed to urban areas. This analysis
leads to several key messages: the need for a better under-
standing of the nature of emissions from cities; the
considerable differences in GHG emissions between cities
and the wide range of factors contributing to this; the
substantial differences in responsibility for GHG emissions
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from different groups of people within cities; and the impor-
tance of examining the underlying drivers of emissions.

There has been an increasing debate about the
proportion of global emissions that can or should be attrib-
uted to urban areas. This is partially due to the absence of a
standardized methodology that has been globally agreed as
representing the emissions for which a city is ‘responsible’.
But it is also compounded by variations in the definition of
‘urban areas’ between different countries, the ways in which
urban boundaries are defined, and the quality of data avail-
able. The main sectors for which emissions can be assessed —
energy for electricity, transportation, commercial and
residential buildings, industry, waste, agriculture, land-use
change and forestry — are all relevant to urban areas, which
rely on goods, services and processes taking place both
inside and outside their boundaries.

There are large differences in GHG emissions
between countries and cities around the world, with per
capita emissions varying by a factor of 100 or more between
the lowest- and highest-emitting countries. There are a
variety of factors influencing the total and per capita
emissions of a city, including geographic situation (which
influences the amount of energy required for heating and
lighting), demographic situation (related to both total
population and household size), urban form and density
(sprawling cities tend to have higher per capita emissions
than more compact ones), and the urban economy (the types
of activities that take place, and whether these emit large
quantities of GHGs).

However, there are more fundamental underlying
factors affecting emissions, primarily related to the wealth
and consumption patterns of urban residents. If consump-
tion is taken into account, the emissions from wealthy cities
increase substantially, while those from manufacturing cities
in developing countries decline. A consumption-based
approach has substantial value when considering global
emissions reductions — as it removes the incentive simply to
‘move’ the location of production to countries that are not
bound by specific carbon emissions reduction targets. These
underlying drivers are inevitably complex, contextually
specific, and contingent on a wide range of structural, social,
economic and political variables. Reducing urban emissions
requires recognizing this complexity and addressing it
accordingly.'?

In turn, these key findings generate several messages
for policy at the global, national and local levels. The impor-
tance of cities in directly and indirectly generating GHG
emissions indicates that there should be a more central role
for sub-national and urban governments in global responses
to climate change. Several global networks of cities have
been formed with the intention of reducing GHG emissions,
sharing knowledge and engaging in advocacy within the
UNFCCC. However, there are limited pathways for cities to
engage directly in global climate change policy or to receive
financing for mitigation activities. Addressing this will
require changes in both global and national policy, as
national governments will need to recognize the need for
cities to act in this arena and provide appropriate legislative
frameworks.
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The assessment of the contribution of cities to
climate change provided in this chapter also highlights some
of the most important areas for responses by city authorities.
First, it has been shown that activities undertaken directly by
cities can be substantial producers of GHGs. City authorities
are often responsible for operating large fleets of vehicles,
large numbers of buildings and facilities such as waste
disposal sites. These can all produce large amounts of GHGs,
yet can also be modified to reduce their contributions.

Second, urban form and the urban economy have
been shown to be key factors influencing emissions at the
city level. Through their responsibilities for land-use
planning and attracting investment, city authorities can help
to shape the policy environment within which a range of
other stakeholders act. Encouraging relatively dense urban
settlements can reduce distances travelled by urban
residents and can make public transportation a more appeal-
ing prospect. A combination of regulations (e.g. in relation to
commercial and industrial energy standards) and incentives

(e.g. to support buildings with ‘green roofs’ or passive solar
heating) can help to encourage businesses in cities to
operate in a way that reduces their contribution to climate
change.

Finally, local levels of government are appropriately
positioned to engage directly with citizens to shape behav-
iour. This chapter shows the importance of individual
consumption patterns in contributing to GHG emissions
from both within and outside city boundaries. City authori-
ties and civil society can help to generate awareness of the
implications of consumption decisions, and can encourage
individual urban residents to act in a less carbon-intensive
manner. Addressing the challenge of climate change in cities
will require citizens, civil society, the private sector, local
and national governments, and international organizations to
work together in partnerships. Local authorities are located
at a crucial nexus for engaging with these different groups
and playing a leading role in reducing the contribution of
cities to climate change.
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THE IMPACTS OF CLIMATE CHANGE
UPON URBAN AREAS

Climate change impacts are now well documented and
technological advancement has led to a clearer understand-
ing of future risks and impacts. With increasing urbanization,
understanding the impacts of climate change upon the urban
environment will become ever more important. Evidence is
mounting that climate change presents unique challenges
for urban areas and their growing populations. Where urban
areas grow rapidly without regard to current and future
resource demands and climate change, large numbers of
people and their assets can find themselves vulnerable to a
range of disruptive and damaging risks.

These impacts extend far beyond the physical risks
posed by climate change, such as sea-level rise and extreme
weather events. Cities could face difficulties in providing
even the most basic services to their inhabitants as a result
of climate change. Climate change may affect water supply,
ecosystem goods and services, energy provision, industry
and services in cities around the world. It can disrupt local
economies and strip populations of their assets and liveli-
hoods, in some cases leading to mass migration. Such
impacts are unlikely to be evenly spread among regions and
cities, across sectors of the economy or among socio-
economic groups. Instead, impacts tend to reinforce existing
inequalities; as a result, climate change can disrupt the social
fabric of cities and exacerbate poverty.

Although there is a burgeoning literature document-
ing climate change impacts in various cities, there are few
comprehensive studies that evaluate the wider implications
for cities across the globe. The purpose of this chapter is to
identify and discuss the impact of climate change on cities,
where an ‘impact’ is defined as a specific effect on natural or
human systems, either positive or negative, that results from
exposure to climate change.! The first section describes the
physical climate change risks faced by cities and the extent
of their variation across cities. ‘Risk’ is defined here as the
combination of the magnitude of the impact with the proba-
bility of its occurrence.? The direct and indirect physical,
economic, social and health impacts of these changes in
cities are then reviewed in the context of existing vulnerabil-
ities. Accordingly, impacts upon urban physical infra-
structure, economies, public health and security are
discussed, keeping in mind the differential impact of climate
change upon specific vulnerable groups. The chapter then

identifies key indicators of vulnerability to climate change for
urban residents and cities themselves. Finally, the last
section offers some conclusions and lessons for policy.

CLIMATE CHANGE RISKS
FACING URBAN AREAS

Atmospheric and oceanic warming as a result of human activ-
ities has been observed over the past several decades.’
Climate research has illuminated the link between global
warming and the alteration of the Earth’s water cycle, which
has led to changes in precipitation frequency and intensity,
cyclone activity, glacial melt and sea-level rise. These physi-
cal changes, and the associated responses of ecosystems and
economies, have discernible implications for cities world-
wide, although these implications are characterized by wide
geographical variation. Many of these changes assume a
gradual building of climate impacts and are becoming a
reality already; however, a not yet fully explored implication
relates to the possible effects of abrupt climate change
events (see Table 4.1).

This section describes the observed and predicted
trends and geographical variations in physical climate change
risks that confront urban settlements, including sea-level
rise, tropical cyclones, heavy precipitation events, extreme
heat events and drought. The local conditions generated by
cities as a result of heat-island effects are also discussed,
underscoring the exacerbated risks and unique challenges
faced by the urban environment. The discussion in this
chapter has been restricted to risks that have direct and
indirect impacts upon urban settlements, and can be
addressed through local planning and governance.

Sea-level rise

Sea-level rise refers to the increase in the mean level of the
oceans.” Average sea levels have been rising around the
world during recent decades, but with significant regional
variation. The average rate of rise accelerated from 1.8mm
per year between 1961 and 2003 to 3.1mm per year
between 1993 and 2003.% Sea-level rise has occurred fastest
in the central Pacific region away from the Equator, the
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Table 4.1

Projected impacts
upon urban areas of
changes in extreme
weather and climate
events

Sea-level rise and its
associated impacts
will, by the 2080s,
affect five times as
many coastal
residents as they did
in 1990

Cities and Climate Change

Climate phenomena Likelihood

Fewer cold days and nights Virtually certain

Major projected impacts

Reduced energy demand for heating

Warmer and more frequent hot days
and nights over most land areas

Virtually certain

Increased demand for cooling

Warmer temperatures Virtually certain

Reduced disruption to transport due to snow,and ice effects on winter tourism
Changes in permafrost, damage to buildings and infrastructures

Warm spells/heat waves: frequency Very likely Reduction in quality of life for people in warm areas without air conditioning; impacts upon
increases over most land areas elderly, very young and poor, including significant loss of human life
Increases in energy usage for air conditioning
Heavy precipitation events: frequency Very likely Disruption of settlements, commerce, transport and societies due to flooding
increases over most areas Significant loss of human life, injuries; loss of, and damage to, property and infrastructure
Potential for use of rainwater in hydropower generation increased in many areas
Areas affected by drought increase Likely Water shortages for households, industries and services

Reduced hydropower generation potentials
Potential for population migration

Intense tropical cyclone activity increases ~ Likely

Disruption of settlements by flood and high winds

Disruption of public water supply

Withdrawal of risk coverage in vulnerable areas by private insurers (at least in
developed countries)

Significant loss of human life, injuries; loss of, and damage to, property
Potential for population migration

Increased incidence of extreme Likely
high sea level (excludes tsunamis)

Costs of coastal protection and costs of land-use relocation increase

Decreased freshwater availability due to saltwater intrusion

Significant loss of human life, injuries; loss of, and damage to, property and infrastructure
Potential for movement of population

northeast Indian Ocean and in the North Atlantic along the
coast of the US. The Equatorial western Pacific, central
Indian Ocean and Australia’s northwest coast have experi-
enced the lowest rates of rise.% The Intergovernmental Panel
on Climate Change (IPCC) predicts that global sea levels will
continue to rise anywhere from 0.18 to 0.59m above 1980
to 1990 levels by the end of the 21st century.’

Thermal expansion, or the increase in volume of
ocean water as it warms, is considered to be the leading
cause of sea-level rise; but melting ice sheets may become
ever more important in the future.® An additional factor
contributing to rising sea levels is melting ice from glaciers
and land masses such as Greenland and Antarctica. Since
1978, the total area of Arctic sea ice has declined by an
average of 2.7 per cent each decade.’ Satellite surveys over
West Antarctica show glacial melting consistent with a rate
of sea-level rise of 0.2mm per year and indicate that melting
has accelerated during the early 2000s compared to the late
1990s.1% Estimates of sea level rise due to ice loss from
Antarctica and Greenland from 1993 to 2003 are about
0.21mm per year for both; but loss of these sheets in the
future, even partially, could greatly alter the projections of
sea-level rise. !

Studies of past warming events suggest that the
Antarctic and Greenland ice sheets melt rapidly in response
to warming, and could contribute to sea-level rise exceeding
1m per century.'> Given that some physical processes of
glacial ice melt are not yet well understood by climate scien-
tists, it has been difficult to provide an estimate of the upper
bounds of sea-level rise.'> When considering what is known
about glacial ice dynamics in tandem with the record of past
ice-sheet melting, however, it is possible that the rate of
future melting and related sea-level rise could be faster than
widely thought. There may be temperature thresholds or
‘tipping points’ that accelerate melting to rates not yet
experienced in modern times.

The direct effects of sea-level rise include increased
storm flooding and damage, inundation, coastal erosion,
increased salinity in estuaries and coastal aquifers, rising
coastal water tables and obstructed drainage. However, a
great many indirect impacts are also probable (e.g. changes
in the functions of coastal ecosystems and in the distribution
of bottom sediments). Since ecosystems such as wetlands,
mangrove swamps and coral reefs form natural protections
for coastal areas, changes to or loss of these ecosystems will
compound the dangers faced by urban coastal areas.

Sea-level rise is a serious concern for coastal cities as
rising water levels and storm surges can cause property
damage, displacement of residents, disruption of transporta-
tion and wetland loss. This is especially so in the low-
elevation coastal zone which, as indicated in Chapter 1,
refers to the continuous area along coasts that is less than
10m above sea level. It is predicted that sea-level rise and its
associated impacts will, by the 2080s, affect five times as
many coastal residents as they did in 1990. In coastal
North African cities, a 1°C to 2°C increase in temperature
could lead to sea-level rise exposing 6 to 25 million residents
to flooding. Sea-level rise projections from 2030 to 2050
indicate that Egyptian cities in the Nile Delta will be severely
affected, including Port Said, Alexandria, Rosetta and
Damietta.!> Low-lying coastal cities such as Copenhagen
(Denmark), which lies at only 45m above sea level, will be
especially vulnerable to sea-level rise. Many small island
communities in the South Pacific are also highly vulnerable
to rising sea levels. In fact, there is concern that sea-level
rise and flooding will occur to such an extent that some
Pacific islands will be completely submerged and entire
communities displaced.®

The impacts of sea-level rise will continue to be felt
globally even if greenhouse gas (GHG) emissions are drasti-
cally reduced given the time-lag between rising atmospheric
and oceanic temperatures and the resulting sea-level rise.
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CO, emissions peak
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Regardless of future emission levels, past emissions have set
sea-level rise on a trajectory that will not stabilize for millen-
nia. Figure 4.1 presents a theoretical picture of this
phenomenon: even if CO, emissions are reduced and atmos-
pheric concentrations stabilized, global air temperature
continues to rise for centuries and sea-level rise continues
for millennia. Although emissions mitigation may prevent
ever-worsening effects, the Earth is already ‘locked into’ a
certain extent of climate change.'”

Tropical cyclones

Tropical cyclones are weather systems associated with
thunderstorms and strong winds that are characterized by
their wind circulation patterns and a well-defined centre, '8
These systems are so named because they originate near the
Equator. Similar systems that originate in the mid-latitudes'
are referred to as ‘extra-tropical cyclones’. Both of these
result in waves and storm surges (i.e. temporary offshore
rise of water) that can damage property and threaten the
safety of individuals in the affected area. Cyclones are classi-
fied as ‘storms’ when sustained wind speeds reach between
63km to 118km per hour, while a hurricane is a tropical
cyclone with sustained wind speeds exceeding 118km per
hour.20

Globally, tropical cyclones and extra-tropical storms
have been increasing in intensity since the 1970s as
measured by their wind speed and other indices of a storm’s
destructive power. With the exception of the South Pacific
Ocean, all tropical cyclone basins show increases in wind
speed, wind strength and storm duration, with the greatest
increases in the North Atlantic and northern Indian
oceans.?! Although tropical storms have not increased in
frequency, extreme extra-tropical storms have increased in
number in the Northern Hemisphere since 1950.22

Accumulating evidence also suggests that the
strongest storms are getting stronger around the world. The
maximum wind speeds for satellite-observed cyclones
between 1981 and 2006 show the increasing occurrence of
cyclone wind speeds greater than the median. While the
number of low-intensity hurricanes (category 1) has
remained approximately constant, they occur less often as a

percentage of the total number of hurricanes. On the other
hand, hurricanes in the strongest categories (4 and 5) have
almost doubled in number and in proportion (from around
20 per cent to around 35 per cent during the same period).
These changes have been observed in all of the world’s
ocean basins.?

Although the relationship between temperature and
formation of storm systems is not completely understood,
increased temperature does correlate with increased occur-
rence of tropical cyclones and extra-tropical storms.?* Rising
sea surface temperatures change the Earth’s water cycle,
disrupting ocean currents and altering precipitation pat-
terns, which may lead, in part, to the increases in storm
intensity observed over the past several decades.?® With
global warming, potential intensity (i.e. the upper bound of
cyclone intensity) is predicted to increase in most regions of
tropical cyclone activity.20

The implications of increased cyclone activity and
intensity are far reaching for cities. Power outages during
storms disrupt transportation, economic activity and supply
of potable water. Physical destruction caused by storms is
often extremely expensive to repair and results in fatalities
and injuries to humans and wildlife. Furthermore, inunda-
tion of water during storms can contaminate water supplies
with saltwater, chemicals and waterborne diseases.

Heavy precipitation events

Heavy precipitation events are defined as the percentage of
days with precipitation that exceeds some fixed or regional
threshold compared to an average ‘reference period of
precipitation from 1961-1990".27 On average, observations
indicate that heavy one-day and heavy multi-day precipitation
events have increased globally throughout the 20th century
and these trends are very likely to continue throughout the
21st century.?8 Deviations from average weather patterns
have been observed globally, with an increase in the
frequency of heavy precipitation events in most areas of the
world.?

Precipitation changes have been variable at the
regional level. In the tropics, eastern North America,
Northern Europe, and Northern and Central Asia, precipita-
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Figure 4.1

Relationship between
CO, emissions
reduction, temperature
stabilization and
sea-level rise

Note: After CO, emissions are
reduced and atmospheric
concentrations stabilize,
surface air temperature contin-
ues to rise slowly for a century
or more. Thermal expansion of
the ocean continues long after
CO, emissions have been
reduced, and melting of ice
sheets continues to contribute
to sea-level rise for many
centuries. This figure is a
generic illustration for stabi-
lization at any level between
450 and 1000 parts per million,
and therefore has no units on
the response axis. Responses
to stabilization trajectories in
this range show broadly similar
time courses; but the impacts
become progressively larger at
higher concentrations of CO,.

Source:IPCC,2001a,pl7

Tropical cyclones
and extra-tropical
storms have been
increasing in
intensity since the
1970s
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The concentration of
future exposure to
sea-level rise... will
be in the rapidly
growing cities of
developing countries
in Asia, Africa and,
to a lesser extent,
Latin America
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tion increases have been documented in summer and winter,
while summer precipitation decreases have been observed
in mid-latitude regions. Severe decreases in both precipita-
tion intensity and volume have been documented in
countries such as Kenya, Ethiopia and Thailand.> Likewise,
the number of days during which more than 10mm of
precipitation occurs has significantly increased over the 20th
century across these countries and also in parts of Europe.®!
General precipitation trends are expected to continue
throughout the 21st century, with average precipitation
increases very likely in the high latitudes and average
decreases likely in the subtropical regions.3* More frequent
heavy precipitation events will have far-reaching economic
and social implications throughout the urban environment,
especially through flooding and landslides.

m Flooding

Floods are among the most costly and damaging disasters
posing a critical problem to city planners as they increase in
frequency and severity. The frequency and severity of flood-
ing has generally increased during the last decade (compared
to 1950-1980 flood data), along with the frequency of
floods that exceed levels that only typically occur once every
100 years. Although there is variation in regional predic-
tions, it is generally accepted that both trends will continue,
especially in Asia, Africa and Latin America. Flood risk is also
projected to increase throughout Europe, particularly in
eastern and northern regions and along the Atlantic coast.
Assessments of vulnerability in Germany show that seaport
cities Bremen and Hamburg may experience increased
probabilities of flood risk from storms as climate change
progresses, exposing billions of dollars of economic capital to
potential damage.® The Netherlands is one of the most
exposed countries in Europe, with nearly one third of the
country located helow average sea level in 2008.3* Densely

Box 4.1 Increased incidence of flash flooding in Mexico City

The greater metropolitan area of Mexico City is one of the largest and most densely populated
urban settlements in the world, containing an estimated 19.5 million residents at a population
density of 3584 persons per square kilometre in 2010. The city and its residents have become
increasingly vulnerable to flooding and related impacts of climate change over the past century.
Annual rainfall in Mexico City increased from 600mm during the early 20th century to over
900mm towards the end of the century. Likewise, the annual incidence of flash flooding has
increased from one to two annual floods, to six to seven annual floods over the same time
period. On 2 August 2006, for example, a rainfall of 50.4mm in only 36 minutes caused severe
flooding in the southern and western parts of the city. The incidence of flash flooding is
expected to continue to rise due to climate change-related increases in the frequency of heavy
precipitation.

Higher precipitation is associated with an increased frequency of flash flooding, which
encompasses a wide range of conditions that threaten life and property, including submerged
roads, overflowing rivers and mud- or rock-slides. Flooding damage including injury, death,
property loss and water contamination are exacerbated by the infrastructure and development
patterns in Mexico City. Informal settlements are often located in areas prone to flooding and
landslides and, thus, particularly vulnerable. Inadequate drainage in these areas results in the
accumulation of trash and debris that poses serious hazards to human health when flooding
occurs. Poorly maintained and aging water drainage and sanitation systems throughout the city
worsen the impacts of heavy rains and flash flooding, and make it more difficult for communities
tO recover.

Source: Ibarrardn, 201 |

packed Amsterdam and Rotterdam are two out of ten cities
that currently have the highest value of assets exposed to
coastal flooding.%®

A recent ranking of cities based on vulnerability to
flooding found that the top ten cities in terms of exposed
population were Mumbai (India), Guangzhou (China),
Shanghai (China), Miami (US), Ho Chi Minh City (Viet
Nam), Kolkata (India), Greater New York (US), Osaka-Kobe
(Japan), Alexandria (Egypt) and New Orleans (US) (see Table
4.2).30 The study also predicts that by 2070 almost all cities
in the top ten exposure risk category will be located in devel-
oping countries (particularly in China, India and Thailand)
because of the rapid population growth occurring in these
areas. On a national scale, the study predicts that the
concentration of future exposure to sea-level rise and storm
surges will be in the rapidly growing cities of developing
countries in Asia, Africa and, to a lesser extent, Latin
America. It is anticipated that the majority of high-exposure
coastal land area (90 per cent) will be located in only eight
countries: China, US, India, Japan, The Netherlands,
Thailand, Viet Nam and Bangladesh.

In addition to the evident structural damage and loss
of life that they cause, floods can short-circuit transformers
and disrupt energy transmission and distribution; paralyse
transportation; contaminate clean water supplies and treat-
ment facilities; mobilize trash, debris and pollutants; and
accelerate the spread of waterborne diseases.3” Poorly
planned informal settlements are especially vulnerable to the
impacts of flooding, as illustrated by the case of Mexico City
where flash flooding has increased dramatically over the past
decade (see Box 4.1).

m Landslides

A landslide refers to a mass of material (e.g. rock, earth or
debris) that slips down a slope by gravity. The movement is
often rapid and assisted by water when the material is
saturated.®® Vegetative cover, precipitation patterns, slope
angle, slope stability and slope-forming material all influence
the vulnerability of an area to landslides.*? Furthermore, the
spatial distribution of landslides suggests a correlation
between rapid land-use change and areas affected by
landslides and mudflows.*® Urban expansion and the clear-
ing of vegetation for building and road construction can lead
to soil erosion and weathering, and thereafter to loss of soil
stability and the increased likelihood of landslides. Clearing
vegetation interferes with the capacity for absorption of
rainfall, which results in runoff and gully erosion. Also, as
settlements develop, vegetation is replaced with paved or
hard pack areas and rainwater is channelled through prefer-
ential flow channels instead of natural pathways, which
increases the water’s erosive power.

The risk from landslides is also likely to increase as
urban development continues on marginal and dangerous
lands. With rapid urbanization, populations, especially the
urban poor, increasingly settle in areas that are prone to
hazardous landslides and are unsuited for residential devel-
opment.*! City growth, chronic poverty, urban land
speculation, insecure tenure, inadequate urban infrastruc-
ture investment, and poor urban planning policies contribute
to continued development in vulnerable areas.*



Faulty construction methods and missing or inade-
quate infrastructure design prevalent throughout informal
settlements further contribute to slope degradation, increas-
ing the risks of landslides. Construction practices, such as
cut and fill, which move soil from one part of a site to
another, increase the risk of a landslide, which, in turn, has
been shown to weaken slope stability and increase the likeli-
hood of a further landslide.*> Recent estimates suggest that
32.7 per cent of the world’s population live in slums,**
which are often situated in marginal and dangerous areas
(i.e. steep slopes, floodplains and industrial areas).*® In cities
such as Dhaka (Bangladesh), residents of informal settle-
ments inhabit slopes surrounding the urban core, putting
themselves at risk from flash floods and landslides.*
Similarly, in Mexico City, landslides often adversely affect
slum residents.*” However, wealthy urban residents also
occupy areas vulnerable to landslides primarily for aesthetic
reasons, as illustrated by the case of Los Angeles, US.*

An increasing frequency of landslides will have a
variety of direct and indirect impacts in urban areas. Damage
to infrastructure can be substantial, resulting in high mainte-
nance and repair costs. Indirect impacts as a result of this
damage, such as constrained movement of goods and
services, drive costs higher.

Extreme heat events

Heat waves are typically defined as extended periods of
hotter than average temperatures, although the precise
timing and temperature differential varies regionally.*” The
lack of specificity in the definition of an extreme heat event
or heat wave is due to the importance of local acclimatiza-
tion to climate, which varies geographically. Previous
research shows that populations in different locations have
varying abilities to deal with temperature extremes. For
example, studies in Phoenix (US) have found no statistically
significant relationship between mortality rates and high
temperatures below 43°C, while in Boston (US), an increase
in the rates of mortality is observed at 32°C.>° Several expla-
nations exist for this phenomenon in Boston, including
behavioural factors. Extremely high temperatures occur
infrequently and, as a result, residents do not have the
proper level of preparedness for heat waves. Also, Boston has
extremely cold winters so a large percentage of homes are
built from heat-retaining red brick and few homes have
central air conditioning.’! Consequently, during extreme
heat events, ambient air temperature inside Boston homes
can be dangerously high.

As aresult of climate change, extreme heat events are
predicted to become more frequent, intense and longer
lasting over most land areas (see Box 4.2).°% Some of the
regions where more severe heat waves are expected in the
future, due to increasing concentrations of atmospheric
GHGs, include North America (particularly in the southern
and north-western parts of the US) and Europe.

Communities dependent upon glacial melt water also
stand to be negatively affected by changes in the distribution
of extreme heat. As air and ocean temperatures rise and the
increasing frequency of heat waves changes stream flows,
glaciers around the world will continue to shrink, threaten-

The Impacts of Climate Change upon Urban Areas

Box 4.2 Extreme heat event trends in the US and Europe

ing the one sixth of the world’s population dependent upon
glacial melt water.>* In a number of South American
countries with communities dependent upon glacial melt
water, water stress®® could increase as small glaciers disap-
pear due to warmer temperatures and less snowfall. Changes
in precipitation and the rapid loss of glacial mass in this
region will significantly affect water availability for cities
across the region — for example, Quito (Ecuador), Lima
(Peru) and Bogota (Colombia) — both for human consumption
and electricity generation. Communities dependent upon
glacial melt water in China and Pakistan could also be
negatively affected by shrinking glaciers.>®

While physical climate changes can impact upon both
rural and urban areas, urban settlements generate unique
local conditions that interact with heat events. Compared to
rural areas, cities tend to have higher air and surface temper-
atures due to the urban heat-island effect: the tendency of
cities to retain heat more than their surrounding rural
areas.”’ For the average developed country city of 1 million
people, this phenomenon can cause air temperatures that
are 1°C to 3°C higher than the city’s surrounding area. At
night, when urban heat-island effects are strongest, tempera-
ture differences can reach 12°C.°® By increasing
temperatures, urban heat-island effects can aggravate the
heat-related negative implications of climate change and
impose costly energy demands on urban systems as they
attempt to adapt to higher temperatures.®® The degree of
these effects is not uniform across cities. The physical layout
of a city, its population size and density, and structural
features of the built environment all influence the strength
of the urban heat-island effect. For example, the tendency
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for French, Italian and Spanish cities to have stronger heat-
island effects has been linked to their compactness and
limited area of green space compared to other European
cities. %

Extreme heat events negatively impact upon human
health and social stability, increase energy demand and
affect water supply. The costs of water treatment are likely
to increase as high temperatures increase water demand. At
the same time, water quality could decline as water pollu-
tion becomes increasingly concentrated.’! Heat waves are
more likely to impact upon vulnerable populations, includ-
ing the elderly, very young, individuals with pre-existing
health conditions and the urban poor. The urban poor in
developed countries are especially at an increased risk
from extreme heat events because of their low adaptive
capacity. %2

Drought

Drought can be defined as a phenomenon in which precipita-
tion is significantly below normal levels, which leads to
hydrological imbalances that negatively affect land resources
and production systems. It can refer to moisture deficits in
the topmost metre of soil (i.e. agricultural drought), pro-
longed deficits of precipitation (i.e. meteorological drought),
below-normal water levels in a body of water (i.e. hydrologi-
cal drought) or any combination of these.®® Droughts can
result from a number of different factors. In the western
parts of the US, drought conditions have emerged largely as
a result of decreases in snow pack, while areas in Australia
and Europe have seen drought conditions due to extremely
high temperatures associated with heat waves.®* In Asia,
increasing frequencies of droughts are likely to result from
increasing temperatures.®

The IPCC concluded that not only have droughts
become more common in the tropics and subtropics since
1970 but, more likely than not, humans have contributed to
this trend.% Since the 1950s, significant drying trends have
been observed across the Northern Hemisphere in portions
of Eurasia, Northern Africa, Canada and Alaska. The South-
ern Hemisphere over the same time period has experienced
slight drying trends. During the last century, mean precipita-
tion in all four seasons of the year has tended to decrease in
all of the world’s main arid and semi-arid regions: northern
Chile, the Brazilian northeast and northern Mexico, West
Africa and Ethiopia, the drier parts of Southern Africa, and
western China.®’ In Yemen, the capital city Sanaa is expec-
ted to run out of water by the year 2020, spurring mass
migration and potential conflicts.%®

The amount of land area under extreme drought
conditions® is expected to increase further in the future as a
result of changes in precipitation.”® Currently, as much as 1
per cent of all land area is considered as being under extr-
eme drought conditions.”" By 2100, this could increase to as
much as 30 per cent.”? Drying is likely to occur in continen-
tal interiors during summer periods, especially in the
subtropics, low and mid-latitudes.”® More intense and multi-
annual droughts have occurred in sub-humid regions,
including Australia, western US and southern Canada.” In

Africa, one third of all people already live in drought-prone
areas and, by 2050, as many as 350 to 600 million could be
affected by drought.

Drought affects urban areas in numerous ways. It can
compromise water quality and increase the operating costs
of water systems while reducing their reliability.”> Water
stress is likely to increase as a result of changes in precipita-
tion and the consequent decline in water supply and quality
and increased demand for water.

IMPACTS UPON PHYSICAL
INFRASTRUCTURE

This section describes the physical damage caused by climate
change and their implications for urban areas. Climate
change has direct effects on the physical infrastructure of a
city — its network of buildings, roads, drainage and energy
systems — which, in turn, affects the welfare and livelihoods
of its residents. The severe weather events and related
hazards outlined above can decimate roads, homes and
places of business. These impacts will be particularly severe
in low-elevation coastal zones where many of the world’s
largest cities are located. Although they account for only 2
per cent of the world’s total land area, approximately 13 per
cent of the world’s urban population live in these zones.”®

Residential and commercial structures

Substantial damage to residential and commercial struc-
tures is expected with the increasing occurrence of climate
change-related hazards and disasters. In this regard, flood-
ing is one of the most costly and destructive natural
hazards, and, as indicated earlier, one that is likely to
increase in many regions of the world as precipitation inten-
sity increases. In the absence of adaptive infrastructure
changes, vast increases in spending on flood damage in
cities are expected due to climate change.”” In Boston (US),
for example, river flooding could cause up to US$57 billion
in damage by 2100 without adaptive measures, an
estimated US$26 billion greater cost than would occur in
the absence of climate change. Many of the homes likely to
be affected are low-value houses that may not be insured
against predicted damage. As in other areas of the world,
the distributional nature of these impacts remains a
challenge.”®

The terms ‘100-year flood’ and ‘500-year flood’ are
sometimes used to describe the flood risk to residents living
in particular areas. These terms refer to the probability with
which the flood occurs. For example, if there is a 1/100
chance of a given city experiencing a flood at a rate of 425
cubic metres per second, this level of flooding will occur, on
average, once every 100 years. Likewise, a flood rate that
occurs with a probability of 1/500 is referred to as a 500-year
flood.” The terms 100-year floodplain and 500-year flood-
plain refer to the geographic areas that are affected during
100-year and 500-year floods, respectively.

Today, around 40 million people live in a 100-year
floodplain. By 2070, the population living at this risk level



The Impacts of Climate Change upon Urban Areas

Ranking by population exposure Ranking by value of property and infrastructure assets exposure

Kolkata (India) Miami (US)
Mumbai (India) Guangzhou (China)
Dhaka (Bangladesh) New York (US)
Guangzhou (China) Kolkata (India)

Ho Chi Minh City (Viet Nam)

Shanghai (China)

Shanghai (China)

Mumbai (India)

Bangkok (Thailand)

Tianjin (China)

Rangoon (Myanmar)

Tokyo (Japan)

Miami (US)

Hong Kong (China)

Hai Phong (Viet Nam)

Banglkok (Thailand)

Source: Nicholls et al, 2008

could rise to 150 million people. The estimated financial
impact of a 100-year flood would also rise from US$3 trillion
in 1999 to US$38 trillion by this time. Miami (US) is the
most exposed city today and will remain so in 2070, with
exposed assets rising from approximately US$400 billion
today to over US$3.5 trillion. Over the coming decades, the
unprecedented growth and development of Asian megacities
will be a key factor driving the increase in coastal flood risk
globally. By 2070, eight of the most exposed cities will be in
Asia (see Table 4.2).

Damage to residential and commercial structures is
not limited to large-scale disasters. Slow-onset climate-
change physical risks such as sea-level rise can also affect the
built environment in a number of ways. Coastal erosion is
likely to affect cities around the world particularly in the
mega-deltas of South, East and Southeast Asia, Europe and
the North American Atlantic coast.®” In the US, a 0.3m sea-
level rise8! would erode approximately 15m to 30m of
shoreline in New Jersey and Maryland, 30m to 60m in South
Carolina and 60m to 120m in California.® Parts of Louisiana
and Mississippi along the Gulf Coast of the US are physically
susceptible to loss of land from the combined effects of
erosion and sea-level rise, whereas some areas of Florida and
Texas are susceptible due to social and economic factors of
vulnerability.83 Coastal erosion and saltwater intrusion can
ruin buildings and render some areas of land uninhabitable,
which is a particular problem for coastal cities that rely on
tourism as a major part of their economies. Mombasa
(Kenya), for instance, could lose approximately 17 per cent
of its land from a 0.3m rise in sea level, causing the loss of
hotels, cultural monuments and beaches that draw
tourists.3

Subsidence, or the downward shift of the Earth’s
surface, is another ‘slow-onset’ factor that poses a risk to
residential and commercial structures in cities. Subsidence
can be caused or exacerbated by overexploitation of ground-
water resources during hot, dry periods which are likely to
occur more frequently with climate change. Subsidence can
be as rapid as 1m per decade, resulting in significant damage
to pipelines, building foundations and other infrastructure.®
In England, increased subsidence caused by drier, hotter
summers led to significantly greater homeowner insurance
claims throughout the late 1990s.8¢ Subsidence has been
noted in several megacities throughout the world, including
Tokyo (Japan), Dhaka (Bangladesh), Jakarta (Indonesia),

Kolkata (India), Metro Manila (the Philippines), Shanghai
(China), Los Angeles (US), Osaka (Japan) and Bangkok
(Thailand).8” During the late 1980s, Tianjin (China) experi-
enced as much as 11cm of subsidence per year.88 Portions of
the Osaka-Tokyo metropolitan region would be under water
as a result of subsidence if it were not for coastal defences
and extensive flood-control systems.®

Accumulating damage to residential and commercial
buildings due to sun exposure and low-intensity wind and
precipitation may increase in some areas of the world as
regional weather patterns change. In London (UK), more
frequent heavy rains and higher peak wind speeds (predicted
for the 2050s and 2080s) are expected to damage buildings,
particularly those that are aging. Wind and rain damage can
cause hazards to people in the vicinity of affected buildings
and may lead to additional economic losses if commercial
buildings need to close for repairs.”® Studies on New
Zealand indicate that commercial buildings throughout the
country will experience increased damage in the face of
wind damage, coastal flooding and extreme temperatures.”!
In the Arctic region, human settlements are expected to face
serious challenges with the melting of permafrost, which is
essential for the stability of buildings and infrastructure.%

Transportation systems

Climate change impacts frequently disrupt transportation
systems through weather conditions that have immediate
consequences for travel and damage, causing lasting service
interruptions. In coastal cities, in particular, sea-level rise
can inundate highways and cause erosion of road bases and
bridge supports. For example, along the Gulf Coast of the US
an estimated 3862km of roadway and nearly 402km of rail
tracks may become permanently submerged during the next
50 to 100 years due to the combined impacts of subsidence
and sea-level rise. Total economic impacts resulting from this
loss could reach hundreds of billions of dollars when consid-
ering the commercial and industrial activities that take place
in the gulf’s many seaports, highways and railroads.” For
instance, weather-related highway accidents translate into
annual losses of at least US$1 billion annually in Canada,
while more than one quarter of air travel delays in the US are
weather related.” In India, landslides in July 2000 resulted
in 14 days without train service, leading to estimated losses
of US$2.2 million.”
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Heavy precipitation and its effects in the form of
flooding and landslides can cause lasting damage to trans-
portation infrastructure, such as highways, seaports and
bridges. In 1993, flood damage to transport systems in
Midwestern US resulted in major traffic disruption from
Missouri to Chicago for nearly six weeks.% Delays in public
transportation including rail and air services often occur
during heavy rains and storms. A study of the Konkan railway
network in western India that facilitates trade and energy
services between Mumbai and Mangalore revealed that 20
per cent of major repairs were due to climatic factors. Each
year, US$1.1 million is spent to reduce the number of
locations on the network that are vulnerable to heavy
rains.”” Heavy rains also affect the long-term functional
capacity of airport runways, which will lead to the need for
increased maintenance considerations in those areas where
precipitation is likely to increase.

Increasingly higher temperatures, particularly long
periods of drought and higher daily temperatures, compro-
mise the integrity of paved roadways and necessitate more
frequent repairs. For instance, by 2080, road buckling,
rutting and speed restrictions are anticipated to increase in
London (UK) as average temperature increases melt asphalt
and accentuate subsidence.’® Extreme heat also leads to
joint expansion on bridges and rail deformation, which
require costly maintenance and, in worst-case scenarios,
could cause major accidents. Drier conditions can further
cause lower water levels in rivers and interrupt trade and
transportation via inland water routes.

Besides potentially endangering lives, the destruction
or damage of transportation systems and lasting service
disruptions greatly affect nearly all aspects of urban life.
Disruptions in public transportation can limit the ability of
residents to get to work, leading to declines in economic
productivity. By 2100, as a result of increases in climatic
change-related delays, motorists in Boston (US) could spend
80 per cent more time on roadways and 82 per cent more
trips could be cancelled.?® Interruptions in the transport of
fuel for energy production can also lead to service disrup-
tions in the electricity sector.

Energy systems

By their very nature, cities are centres of high demand for
energy and related resources. Climate change is likely to

Box 4.3 Global changes in energy demand

+  Between 2010 and 2055 in the US, energy demand may increase capacity requirements for
the electricity sector by 14 to 23 per cent over demand trends in the absence of climate

change?

*  Daily peak energy loads for New York City (US) could increase by 7 to |3 per cent by the
2020s,8 to |5 per cent by the 2050s and | | to |7 per cent by the 2080s.”

+ By 2080,a 30 per cent increase in energy demand is forecast for Athens (Greece), largely
as a result of increasing air-conditioning use.©

¢ In Toronto (Canada),a 3°C increase in temperatures would result in increases in peak
electricity demand of 7 per cent and an increase of 22 per cent in the variability of peak

demand ¢

Sources:a Linder, 1990; b Rosenzweig and Solecki, 2001; ¢ Giannakopoulos and Psiloglou, 2006;d Colombo et al, 999

affect both energy demand and supply. The combination of
urban population growth, changing local weather conditions,
urban heat-island impacts and economic growth has the
potential to substantially increase demand for energy (see
Box 4.3). Although the relationship between energy demand
and local weather fluctuations has long been confirmed,
relatively few studies have taken on the task of examining
how longer-term climate changes affect the energy sector.

Energy demand increases will depend upon regional
climate differences. Higher winter temperatures can lead to
decreased heating use, while increased summer tempera-
tures can lead to increased need for cooling. In turn, greater
use of air conditioning due to rising temperatures can
worsen the urban heat-island effect and further increase the
cooling demand in urban areas.!% Studies indicate that
there is high regional variation in energy demand sensitivity
to climate change even in similar climates. In the US, for
example, neighbouring states Florida and Louisiana have
different patterns of industrial and residential energy use. 0!
Likewise, an assessment of several US regions reveals unique
demand sensitivities among four cities (Seattle, Minneapolis,
Phoenix and Shreveport) and different directions of demand
change between states with differing average local weather
conditions.'%% The use of aggregate data, however, may be
misleading because even if there is no net increase in
regional demand, great increases in local demand for cooling
may still require infrastructure investment, reconsideration
of energy portfolios and energy conservation mechanisms.

Climate change will also affect energy generation and
distribution. Across Africa, hydroelectric power generation
is likely to be restricted with the more frequent occurrence
of drought periods. For instance, climate change simulations
suggest that the planned Batoka Gorge Hydroelectric Project
on the Zambezi River, a joint project between Zambia and
Zimbabwe, will be negatively affected if the mean monthly
river flow significantly declines.!%® However, the worldwide
impacts of climate change upon hydroelectricity production
are variable. For example, electricity output from hydroelec-
tric projects in Scandinavia and northern Russia is predicted
to increase due to trends in future precipitation patterns and
temperature, %4

Reduced stream flows due to climate change may
further reduce the availability of cooling water for thermal
and nuclear power plants.!% In Europe, the 2003 heat wave
was accompanied by annual rainfall deficits of as much as
300mm.'% Drought conditions had impacts upon power
generation and several power plants were unable to physi-
cally or legally divert water because of extremely low stream
flow, resulting in reductions in power generation. For
instance, nuclear power plants in parts of France were forced
to shut down as stream levels became too low or water
temperatures exceeded environmental standards. Six
nuclear reactors, as well as a number of conventional power
plants, were given exemptions to continue operating in spite
of exceeding legal limits.'%” In terms of energy distribution,
electricity transmission infrastructure may become increas-
ingly vulnerable to damage and interference as storms and
flooding become more frequent and intense.'%



Water and sanitation systems

The availability, treatment and distribution of water could be
affected by climate change as temperatures increase and
precipitation patterns change.'® On the one hand, climate
change is expected to compromise water supplies, particu-
larly in areas where water stress is expected to increase. In
developing regions such as Africa, water stress is expected
to increase as a result of population growth and is likely to be
exacerbated by climate change. However, the impacts will
not be uniform across the continent as populations in the
north and south are expected to experience increases in
water stress, while those in the east and west are likely to
see a reduction in water stress.!°

Water supplies can be reduced or increased through
changes in precipitation patterns, reductions in river flows,
falling groundwater tables and, in coastal areas, saline intru-
sion in rivers and groundwater.!'! For example, detected
declines in glacier volumes in parts of Asia and Latin America
are already reducing river flows at key times of the year. For
cities located in the Andean valleys and in the Himalaya-
Hindu-Kush region, this has substantial impacts upon water
flows and affects multiple human uses of water in these
areas, including reducing hydroelectric power generation.!!?
The expected changes in runoff and water availability are,
however, projected to be regionally differentiated by 2050:
increases by 10 to 20 per cent at higher latitudes and in
some areas in the wet tropics (e.g. populous areas in tropical
East and Southeast Asia), and decreases by 10 to 30 per cent
over areas in the mid-latitudes and dry tropics, some of
which are currently water stressed.

On the other hand, with rising temperatures, more
frequent extreme heat events and population growth in the
future, demand for water in cities is expected to increase.!'®
Many areas of the world have been getting drier across all
seasons; if the trend continues, water resource limitations
will become more severe.!™ By 2030, summer water use in
Washington, DC (US), is expected to increase between 13
and 19 per cent relative to an increase from 1990 levels
without climate change.!' In Cape Town (South Africa),
water demand is simultaneously projected to increase with
temperature increases.!'% In Nagoya (Japan), temperature
increases could induce an increase of 10 per cent in water
use.!''” In Latin America, 12 to 81 million residents could
experience increased water stress by the 2020s. By the
2050s, this number could rise to 79 to 178 million.'!8
Stream flow supplying Melbourne (Australia) is likely to
decline by 3 to 11 per cent by 2020 and 7 to 20 per cent by
2050, compared to 1961 to 1990 averages, thereby affecting
water supplies. Concerns about drought and water demand
increases have also been raised in other cities such as
Auckland, Adelaide, Canberra, Perth, Brishane and
Sydney.!'?

Climate change-related changes in precipitation and
sea levels can also affect the quality and treatment of water
in cities. Saltwater intrusion can occur more frequently in
communities experiencing sea-level rise and contaminate
ground and surface water, thus reducing the supply of
potable water and spreading harmful pollutants throughout
urban water systems. Cases of saltwater intrusion due to sea-
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level rise have already been documented among most coastal
cities across diverse environments, including eastern US
(e.g. New Orleans), Latin America (e.g. Buenos Aires,
Argentina), as well as both in the Yangtze River Delta in
China and the deltas of Viet Nam.'?° Reduced precipitation
and, thus, water supply can also cause saltwater intrusion.
The city of Kochi (India) is located at 2m above sea level and
is compromised by a network of rivers and canals. Saltwater
intrusion into these rivers is worsened during hot, dry
periods when evaporation increases the concentration of
salts in the water, leading to economic losses and drinking
water shortages.!?!

Furthermore, excess heat from buildings and roads
due to the urban heat-island effect can be transferred to
storm water, thereby increasing the temperature of water
that is released into streams, rivers, ponds and lakes. Higher
water temperatures, in conjunction with increased precipita-
tion intensity and low flows, are predicted to exacerbate
water pollution, including through thermal pollution, which
can promote algal blooms and increase bacterial and fungal
content.'?? Once they have been contaminated, it is, in most
cases, expensive to clean drinking water supplies.

Water supply infrastructure is capable of adapting to
small changes in mean temperatures and precipitation
amounts as water systems have been designed with spare
capacity for future growth.'?3 Still, many systems will need
improvements, such as building new reservoirs or extension
of water intake pipes to handle increasingly variable precipi-
tation levels. In addition, water supply infrastructure is
vulnerable to damage from extreme climate events such as
floods and storm surges, especially if it is adjacent to
rivers.'?* In New York City (US), pumping stations and water
treatment facilities, including intake and outflow sites, are
vulnerable to storm surges.'?> Damage to water supply infra-
structure, especially if electronics are damaged, can take
weeks to fix and can cost as much to repair as their initial
construction costs, as was the case during flooding in
Mozambique during 2000.'26

Climate change-related disasters can also affect sanita-
tion systems in urban areas which already face serious
challenges, especially in developing countries. Although
access to improved water supply and sanitation has been
increasing since 1990 in many areas of the world, there are
still large proportions of the population living in unsanitary
conditions.'?” In 2006, 38 per cent of the world’s population
and nearly half of the developing world’s population lacked
access to improved sanitation facilities, including flush
toilets, pit latrines or composting toilets.'2® Access to sanita-
tion infrastructure and services is likely to decline further
due to climate change-related risks, as in the case of
Hurricane Mitch, which destroyed 20,000 latrines in
1998.129

ECONOMIC IMPACTS

The increasing frequency and intensity of extreme climatic
events and slow-onset changes will increase the vulnerability
of urban economic assets and, subsequently, the costs of
doing business.'3? Studies suggest that developing countries
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typically suffer low economic losses but high human losses
as a result of climate change-related risks, while developed
countries suffer high economic costs and low human losses.
However, recent events show that developed countries can
suffer high human costs as well, especially amongst the
urban poor. Also, when economic impacts are expressed as a
share of the value of total assets or gross domestic product
(GDP), economic costs incurred by developing countries may
also be high and can result in increasing fiscal imbalances
and current account deficits due to increased borrowing and
spending to finance recovery.'! This section explores the
economic impacts of climate change within urban areas,
including those related to economic sectors, ecosystem
services and livelihoods.

Sectoral economic impacts

Climate change will affect a broad range of economic activi-
ties, including trade, manufacturing, transport, energy
supply and demand, mining, construction and related infor-
mal production activities, communications, real estate, and
business activities.'3? Box 4.4 describes the cross-sectoral
economic impacts of tropical cyclones in Dhaka (Bang-
ladesh).

This section describes climate change impacts upon
economic sectors — namely, retail and commercial services,
industry, tourism and insurance — as these tend to operate in
and around cities. Industrial infrastructure in coastal cities is
particularly vulnerable to sea-level rise and coastal storms.
The effects of climate change on tourism are also considered

Box 4.4 Cross-sectoral impacts of tropical cyclones:

The case of Dhaka, Bangladesh

as it can be a part of the urban economy directly or depend-
ent on it for services, including travel (e.g. airports, seaports,
etc.) and supplies. Furthermore, climate impacts upon the
tourism industry can induce migration from rural to urban
areas, thus increasing the demand for goods and services
within urban areas.!33

B Industry and commerce

Industrial activities can bear potentially high direct and
indirect costs from climate change and extreme climate
events. Whether industries are located in the heart of urban
areas or in adjacent suburban or rural areas, they provide
services and resources that are vital to city function. Damage
to industries due to climate events thus has direct and
indirect impacts upon cities and their residents.

The direct effects of climate change and extreme
climate events on industry include damage to buildings,
infrastructure and other assets. These effects are especially
severe where industrial facilities are located in vulnerable
areas, such as coastal zones and floodplains. For example,
sea-level rise in coastal cities such as New Orleans (US) will
potentially necessitate the relocation of refineries, natural
gas plants and facilities, as well as supporting industries to
less at-risk areas or further inland, at a substantial cost (see
Box 4.5).!3% The indirect impacts of climate change
upon industry include those resulting from delays and
cancellations due to climate effects on transportation,
communications and power infrastructure. 3

Similarly, retail and commercial services are vulnera-
ble because of supply chain, network and transportation
disruptions, and changes in consumption patterns.'3® An
increasing likelihood of flooding, coastal erosion and other
extreme events will stress and damage transport infrastruc-
ture, as indicated earlier in this chapter, disrupt retail and
commercial services, and subsequently increase the costs of
doing business.'” For example, in 2001, the Great Lakes—
St Lawrence region of Canada experienced drought condi-
tions that lowered river levels to such an extent that it
slowed river traffic, which partially explains the reduction
in volume of goods shipped through the Great Lakes that
year.'38 Similarly, the 2003 heat wave and drought across
Europe resulted in record low river levels, which negatively
affected the transportation of goods along inland water-
ways. '3

Changes in the regulatory environment, including
climate change mitigation policies (e.g. carbon tax and
emissions targets) could potentially raise the costs of
business for industries, especially if they are energy inten-
sive.40 For instance, the iron and steel industry is heavily
dependent upon burning fossil fuels, with 15 to 20 per cent
of the production costs going towards energy. In the US, the
pulp and paper industry is the second most energy-consum-
ing industry.'!

Industries dependent upon climate-sensitive inputs
are also likely to experience changes in the reliability, avail-
ability and cost of major inputs as a result of changes in
climate and climate mitigation policies. For instance, indus-
tries dependent upon timber and agricultural inputs rely on
an increasingly fragile resource because of changes in the



Box 4.5 Economic impacts of Hurricane Katrina, US

incidence of pests and diseases. Climate change holds the
potential to shift the habitat of economically important tree
and crop species, as well as changing the behaviour and
distribution of pests.'*2 The changing distribution of climate-
sensitive inputs could result in increasing costs to industry,
as industrial plants and their raw material inputs become
geographically separated.

m Tourism and recreation

The tourism industry is highly dependent upon reliable
transportation infrastructure, including airports, ports and
roadways. Climate change has the potential to not only shift
regional temperature distributions, but also increase the
incidence of severe weather events, which would increase
transportation delays and cancellations. Since recreational
activities and tourism are often major sources of revenue for
urban areas, when climate change impacts affect these activ-
ities, local urban economies will incur monetary and job
losses (see Box 4.6).

Tourism in cities of high-latitude countries could
benefit from a pole-ward shift'#® of warmer conditions,
increasing the area available for tourism activities.!**
However, winter activities (i.e. skiing and snowmobiling) are
likely to become increasingly vulnerable because of climate
change-related declines in natural snowfall leading to fewer
days of snow cover."> Across much of the north-eastern
region of the US, climate change will result in fewer days of
natural snow cover and, in spite of snow-making technology,
ski areas will experience a decline in the length of their
seasons. To continue operating will necessarily mean an
increase in costs because manufacturing snow is both water
and energy intensive. Climate change will further result in
declining season length as reliable snow is pushed into upper
latitudes and higher elevations. As a result, the average
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distance travelled to winter resources such as ski mountains
is expected to increase dramatically.'*0 The weakening of the
ski industry would also affect related support industries such
as hotels, restaurants and ski shops. The decline of winter
recreational opportunities can thus result in great economic
losses for those regions with economies heavily reliant on
skiing and snowboarding.

The summer tourism industry across the temperate
zone is thought to be resilient to increases in average
temperatures because of the expectations of warm tempera-
tures, as well as the availability of air conditioning.'*’
However, changes in the frequency and intensity of extreme

Box 4.6 Climate change impacts upon the tourism industry
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weather events could negatively affect the perception of
safety in these locations, environmental quality and tourism
infrastructure reliability. For example, in Southern Europe,
along the Mediterranean coast, increasing water scarcity as a
result of climate change could negatively impact upon the
tourism industry.'4®

Coastal areas, including those in cities, have often
been extensively developed for tourism, leaving substantial
investments in buildings and infrastructure at risk from
extreme climatic events, which would significantly affect the
economies of small island states.'*? Erosion as a result of
coastal storms can cause beaches to recede by as much as
5m, but can recover quickly through natural sand deposition.
If sea-level rise is accompanied by stronger and more
frequent coastal storms, the costs of maintaining shore space
for tourist activities could rise and reduce heach tourism for
cities.!?® The city of Rio de Janeiro (Brazil), for instance,
popular, among other reasons, for its beaches, is vulnerable
to sea-level rise and increased erosion. In the capital city of
Estonia, Tallinn, beachside resorts are particularly vulnerable
to sea-level rise and storm surges, which could lead to more
erosion of the beaches and negatively affect tourism.!”!
Furthermore, extreme climate events can damage many
reefs and coastal ecosystems, resulting in declining
tourism.'*2 A 1°C rise in temperatures would result in more
frequent coral bleaching, with the coral recovering slowly,
while a 2°C rise in temperatures would result in the annual
bleaching of coral in many areas that might never recover.!>

Tourism is an essential component of the local
economy of many island countries in the Caribbean and
elsewhere. In the eastern Caribbean, tourism accounts for
between 25 and 35 per cent of the regional economy, one
quarter of foreign exchange earnings and one fifth of all jobs.
Each year, the region receives approximately 20 million
tourists. The economic dependence upon tourism has led to
intensive development and siting of infrastructure (i.e.

Box 4.7 Impacts of climate change upon the insurance industry

hotels, roads, etc.) that tend to be densely packed along
coastlines. As a result of changes in sea level and wave
action, the islands of the eastern Caribbean will experience
submergence of low-lying areas, including population cent-
res, erosion of soft shores, increasing salinity of estuaries
and aquifers, and more severe coastal flooding and storm
damage.'>*

m Insurance

The insurance industry is vulnerable to climate change,
particularly extreme climate events that can affect a large
area.'® Storms and flooding can cause significant amounts
of damage and are often responsible for a large percentage of
total losses, as illustrated in Box 4.7.1%

Climate change could result in increasing demand for
insurance while reducing insurability. Insurance industry
catastrophe models forecast that annual insured claims and
losses are likely to significantly increase over the next
century as a result of the increasing intensity and frequency
of extreme storms. The distribution of claims is unlikely to
be even as construction quality, property values and insur-
ance coverage vary widely worldwide. In response, the
insurance industry could adapt by raising the cost of insur-
ance through measures such as increasing premiums,
restricting coverage, etc.'”” Indeed, the costs of insurance
coverage are expected to increase significantly if infrequent
but catastrophic events become more common in the future.

[n addition, the uncertainty surrounding the probabil-
ity of high-loss events in the future is likely to place upward
pressure on insurance premiums.'*® The implications of this
will be harshest on low- (and possibly middle-) income
households in developed countries if they are no longer able
to afford insurance to recover from climate change-related
events. It is already the case in the insurance industry that
individuals tend to be underinsured, especially against
events with low probabilities of occurrence. Studies have
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Effects on ecosystem service

Reduced capacity for natural pollutant filtration

‘Patchy’ land-use patterns that fragment
the landscape and spread into natural
environments such as forests

Reduction of biodiversity
Loss of trees and soil

Reduction in CO, retention of nearby land
Reduction in local oxygen supply

Excess emissions of nutrients
(e.g. nitrogen, phosphorus), sediments,
metals and other wastes into waterways

Mass death of aquatic species

Reduction of food sources and other economic activity
(e.g. recreation, tourism)

Loss of wetland area
Loss of biodiversity

Development on wetlands

Reduced capacity for natural pollutant filtration
Reduction in local oxygen supply
Reduction of natural storm buffer

found that, despite favourable premiums, individuals often
fail to purchase insurance for low-probability but high-loss
events in part because of the costs associated with finding a
policy.1>?

Insurance coverage can vary widely within and among
developed and developing countries, as there tends to be a
correlation between economic growth and insurance cover-
age.'90 While it is expected that insurance coverage will
increase with economic development in many developing
countries, at-risk infrastructure and buildings — including
government-owned properties — compound their vulnerabil-
ity by not having insurance coverage.'®! As much as 29 per
cent of total property losses are covered by some form
of insurance in developed countries.!%2 In developing
countries, however, only about 1 per cent of total losses are
insured. '3

Private insurers in developed countries will often not
provide insurance or will restrict it in areas that have
suffered significant past losses from floods, which then
necessitates government involvement in order to provide
flood insurance.'® The risk of loss then falls upon govern-
ment programmes and individual homeowners because
insurance out-payments rarely cover the entire cost of recon-
struction.'® Furthermore, it would appear that government
programmes are increasingly vulnerable to climate change as
a result of an increasing frequency and intensity of extreme
climate events. For example, Hurricane Katrina damage
in New Orleans (US) and the surrounding region almost
bankrupted the National Flood Insurance Program. % Popul-
ations worldwide are growing within coastal areas and
growth is expected to increase rapidly, suggesting an inc-
rease in the vulnerability of property but also insurance
providers, including government programmes. !¢’

In some places, the availability of insurance in coastal
and other vulnerable areas fails to discourage development
in areas at risk of flooding from coastal storms.!% In the
eastern parts of the Caribbean, for instance, building quality
and location are not typically factored into insurance avail-
ability or cost. Due to missing incentives to mitigate the
impacts of extreme climatic events and given that only a
small percentage of the risk is retained by local insurance
companies, buildings are often ill-prepared targets for
extreme weather events or climate change. Instead, insur-
ance companies are encouraged by the system to underwrite
as many policies as possible, regardless of their sound-
ness.'%9

Ecosystem services

Natural environmental processes provide benefits that are
vital to city function and human health. These ecosystem
services include oxygen production, carbon storage, natural
filtering of toxins and pollutants, and protection of coastal
societies from flooding and wind during storms. Human
activities (e.g. development, pollution and wetland destruc-
tion) can harm such ecosystem services. Increasing
urbanization places greater demand on natural resources and
imposes significant changes on the environmental processes
that drive the benefits that societies derive from ecosystem
services.'”% Table 4.3 illustrates some of these changes and
their effects on ecosystem services.

The Millennium Ecosystem Assessment!”! indicates
that climate change has been identified as a key factor
behind the accelerated loss and degradation of ecosystem
services. The assessment found that approximately 60 per
cent of the ecosystem services evaluated were being
degraded or used unsustainably.!”% Wetland health may be
particularly threatened in the coming decades as the
combined impacts of landscape modification and sea-level
rise cause the Earth’s deltas to sink below oceans levels.!”®

Loss of ecosystem services, besides potentially affect-
ing food provision and human health, can significantly
reduce the revenue of cities. In Durban (South Africa), for
example, the replacement value of the ecosystem services
(e.g. water provision, flood prevention) within the city’s
network of open space was estimated at US$418 million per
year in a study published in 2003.'7# This was approximately
38 per cent of the city’s total capital and operating budget at
that time, illustrating the financial consequences of losing
access to these services. A further significant point is that it
is the poorest and most vulnerable people/communities who
are most directly reliant on these services in order to meet
their basic needs. They therefore stand to lose the most from
the damage of ecosystems goods and services under
projected climate change conditions.

Livelihood impacts

Extreme climate events can disrupt the ability of individuals
and households in urban areas to sustain livelihoods.'”®
Climate change-related disasters destroy livelihood assets or
the means of production available to individuals, households
or groups. These include stocks of natural resources (natural
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capital), social relationships (socio-political capital), skills
and health (human capital), infrastructure (physical capital)
and financial resources (financial capital), which are neces-
sary to sustain a livelihood. By affecting such assets, climate
change-related events can pose a serious threat to urban
livelihoods.

The effects of climate change on livelihoods will also
depend on their geographical location and, thus, exposure to
the physical risks associated with climate change. Livelihood
activities located in low-elevation coastal zones, for instance,
will be vulnerable to the impacts of sea-level rise and
cyclones. Livelihood impacts will also vary from one context
to another depending on the vulnerability of existing assets
and opportunities. For instance, the livelihoods of the urban
poor are likely to be most at risk from climate change effects
since their assets and livelihoods are already meagre and
unreliable. In particular, individuals living in informal settle-
ments are likely to have meagre savings and any disruption to
their livelihood directly affects their ability to buy food and
pay bills, including for their children’s education and health-
care. Livelihood activities of the urban poor are also more
severely affected by climate events than other social groups
because of their presence in at-risk zones. For instance,
flooding makes it difficult for residents of informal settle-
ments to conduct small-scale commerce, petty trading and
artisan trades, and thus can leave them undernourished for
days while the area and local economy recovers. A one-day
rain event in Maputo (Mozambique) might result in floods
that linger for three days, and if rains persist, floodwaters
might rise as much as 1m and take a month to recede.'”®

Where livelihoods are dependent on climate-sensitive
inputs, the impacts of extreme as well as slow-onset climate
changes will be further accentuated. This is so in the case of
agriculture and tourism sectors of the economy. Flooding
associated with sea-level rise has reduced the level of
tourism in Venice (Italy), resulting in fewer jobs and econ-
omic losses for the city. The city’s productivity is largely tied
to its aquaculture industry and tourism. By 2030, flooding
and sea-level rise are projected to cost the city €35 to €42
million in decreased tourism levels and €10 to €17 million
in aquaculture revenues.!”” Studies have revealed that
tourists are unlikely to return to vacation spots in some
islands such as Bonaire and Barbados if coral bleaching
(which has been linked to warming waters) occurs, resulting
in loss of fish and coral species.!”®

The agricultural sector is also vulnerable to climate
variability; thus, individuals dependent on it for their liveli-
hoods are at risk. Low-lying areas in Southeast Asia are
particularly vulnerable to coastal erosion and flooding, which
is likely to result in loss of cultivated land and fishery
nurseries. In parts of Africa, livelihoods and national GDP are
highly dependent upon the agricultural sector, which
accounts for as much as 70 per cent of national GDP in some
countries.'”? For urban centres, distant impacts upon
tourism and agriculture can potentially result in increased
migration from rural areas, which creates more demand for
infrastructure and services, though this phenomenon is not
well understood. 18

PUBLIC HEALTH IMPACTS

Climate changes cause local weather conditions — including
extreme heat and severe weather events — that affect public
health in urban areas. This section describes these key
health issues, focusing on impacts related to extreme
temperatures, disasters, epidemics, health services and
psychological illnesses. It also considers how poverty acts as
a compounding factor which exacerbates the health impacts
of climate change.

Climate change can lead to extended periods of heat
(i.e. heat waves) and drought. More heat waves have the
potential to increase the incidence of heat stress and heat-
related mortality.!8! Higher than average night-time
temperatures compound heat stress by eliminating the
typical period during which the human body can recover
from heat stress accrued throughout the day.'®? In particular,
several consecutive nights with temperatures above normal
can negatively impact upon health, leading to heat-related
illness and mortality.'83 For example, the heat wave of 2003
across much of Europe is believed to have caused the death
of over 20,000 people. It was the warmest summer since
1540 and could become the norm by the end of the 21st
century.'® Sustained high temperatures in France raised
mortality by an estimated 140 per cent compared to histori-
cal averages, while over 2000 excess deaths reportedly
occurred in England and Wales.'®> In the US, high tempera-
tures result in an average of 400 deaths and many more
hospitalizations each year.!8 Projections of climate change
impacts in New York City (US) further show significant
increases in respiratory-related diseases and hospitaliza-
tion.!87

With more individuals moving to urban locations,
higher temperatures and a rapidly aging society, the threat of
heat-related mortality will become more severe in future, '8
Urban residents are especially at a higher risk of heat-related
mortality as a result of the urban heat-island effect.!8?
However, death from heat is significantly underreported, as
widely accepted criteria in determining heat-related death
do not exist. Often, a pre-existing condition is listed as the
cause of death, while the role of environmental factors is not
considered.!%

Catastrophic events have both immediate and lasting
impacts upon public health. For example, of 238 natural
catastrophes occurring from 1950 to 2007, 66 per cent were
climate related, most of which involved storms or flood-
ing.!! Recent flooding in Manila (the Philippines) and surr-
ounding areas affected an estimated 1.9 million people and
killed at least 240. Torrential downpours in cities and towns
across north-eastern Brazil in 2010 caused floods that
rendered at least 120,000 people homeless and killed at
least 41 others.!% As the intensity and frequency of precipi-
tation increases, ever more urban residents will be at risk of
injury and property loss.

Increasing intensity of storms and frequency of severe
storms threaten to further impact upon urban areas and the
health of their residents, as illustrated by recent floods in
Pakistan which killed 1100 people.'® Beyond causing
immediate death and injuries, floods and storms can cause



long-term damage to facilities that provide health-related
services. Power outages can disrupt hospital services, as
occurred in Dresden (Germany) in 2002 when floods from
the River Elbe affected four out of the six major hospitals in
the region.'”* Likewise, clean water provision can be
compromised if treatment facilities are structurally damaged
or lack power.

Physical climate changes, including temperature,
precipitation, humidity and sea-level rise, can alter the
range, life cycle and rate of transmission of certain infec-
tious diseases. As indicated earlier, flooding can introduce
contaminants and diseases into water supplies, which
has been linked to increased incidence of diarrhoeal and
respiratory illnesses in both developed and developing
countries.' Psychological illnesses sometimes also inc-
rease following storms and other disasters. Post-traumatic
stress disorder, anxiety, grief and depression are commonly
observed among individuals following hurricanes and other
disasters.'% Declining local air quality is a further conse-
quence of climate change which threatens health. The
photochemical reactions of pollutants in the air which cause
smog will intensify as temperatures rise. For example, in
Los Angeles, California (US), a 1°C increase in temperatures
above 22°C results in an increase in the incidence of smog
by 5 per cent.!?

While the complex relationship of disease incidence
with both environmental and demographic factors makes the
identification of cause—effect relationships difficult, it is
likely that climate change will increase the global disease
burden. The World Health Organization attributes at least
150,000 annual deaths to diseases associated with climate
change that has occurred since the 1970s, and estimates
that death rates from climate-induced disease risk may
double by 2030.'8 Malaria may pose a particular problem
for populations in developing countries, including those in
sub-Saharan Africa. In contrast, precipitation decreases in
some parts of Central America and the Amazon region may
reduce the rate of malaria transmission.'%? Climate change is
also likely to affect the transmission of a number of other
diseases, including dengue fever, rodent-borne diseases and
diarrhoeal illnesses.2%0

As discussed in a subsequent section of this chapter,
diseases can weaken the defences of communities at large
and of certain subgroups of a population in particular (e.g.
low-income groups). Health impacts, both immediate and
long term, tend to hit the poorest urban residents the hardest
in part because they often lack mobility, resources and insur-
ance. These residents also typically occupy the highest-risk
areas of cities. These and other distributional impacts are
discussed in the next section of this chapter.

SOCIAL IMPACTS

The degree to which human settlements are vulnerable to
climate change depends not only on the nature and magni-
tude of physical changes, but also on the socio-economic
characteristics of each city. Cities that experience the same
category of hurricane, for example, may incur very different
mortality levels and economic losses based on relative wealth
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and infrastructure. Within cities, too, different population
groups are differentially affected by the same weather events
and climatic conditions. Climate change differentially
impacts upon groups of individuals, such as marginalized
minorities, women and men, young and old. These impacts
have, until recently, received relatively little attention
compared to other distributional issues.

The distributional effects of climate change in urban
areas within the context of existing vulnerabilities are
reviewed below. In doing so, it is critical to acknowledge and
confront compounding vulnerabilities for specific groups in
urban areas. Individuals, households and communities who
fall into more than one category of vulnerability can find the
deck dramatically stacked against them in terms of their
ability to prepare for and respond to the varied impacts that
they already face and will face in the future. Climate change
impacts magnify gender and racial inequalities, often affect-
ing poor minorities and poor women more than any other
groups. These impacts often exacerbate poverty as individu-
als lose their livelihoods and possessions. Sickness and
injury, two of the most important factors attributable to
increasing poverty, affect the poor more than other
groups.2! A vicious cycle then develops whereby marginal-
ized groups bear the greatest burdens of climate change,
thus preventing them from escaping poverty and leaving
them continuously vulnerable to further change. Urban
planners and policy-makers are thus often charged with
confronting multiple social issues at once. Understanding
the nature of group-specific climate change dynamics can
enable decision-making that seeks to break this cycle — for
instance, by promoting inclusion of typically marginalized
groups in planning, anticipating the unique needs of groups
during disasters and preparing accordingly.

Poverty

Climate change is considered a distributional phenomenon
because it differentially impacts upon individuals and groups
based on wealth and access to resources. In general, low-
income households in both developed and developing coun-
tries are most vulnerable to climate change impacts primarily
due to the scale and nature of the assets that they possess or
can draw upon (see Box 4.8). The interactions between
climate change and income do not affect developing
countries alone. There are many examples of poor communi-
ties in developed countries faring worse than the wealthier
groups during the same disaster. During Hurricane Katrina in
New Orleans (US), residents without cars and financial
resources to evacuate were left behind. Some of the hardest
hit low-lying neighbourhoods were also the poorest, leaving
those with few resources to bear most of the devastation.?%?

It has been suggested that the assessment of vulnera-
bility to climate change impacts and the ways in which it is
socially distributed can perhaps best be understood by
considering six key questions:2%

1 Who lives or works in the locations most exposed to
hazards related to the direct or indirect impacts of
climate change (such as on sites at risk of flooding or
landslides)?
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Box 4.8 Poverty and climate change impacts in cities

Within any urban centre, it is common for poorer groups to be disproportionately at risk for a
variety of reasons, including:

*  greater exposure to hazards (e.g. through living on floodplains or unstable slopes);*
* lack of risk-reducing housing and infrastructure (e.g. poor-quality housing, lack of drainage

systems);

* less adaptive capacity (e.g. lacking the income or assets that allow a move to better quality

housing or less dangerous sites);

* less state provision for assistance in the event of a disaster (e.g. needed emergency

responses and support for rebuilding or repairing homes and livelihoods; indeed, state

action may increase exposure to hazards by limiting access to safe sites for housing);® and

¢ less legal and financial protection (e.g.a lack of legal tenure for housing sites; lack of insur-

ance and disaster-proof assets).¢

Sources:a Ruth and Ibarraran, 2009, p56; b Syukrizal et al, 2009; ¢ Bartlett et al, 2009; Hardoy and Pandiella, 2009
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squatter settlement
dwellers

Access to insurance
is generally more
inclusive in cities in
developed countries
compared to those
in developing
countries

2 Who lives or works in locations lacking the infrastruc-
ture that reduces risk (e.g. drains that reduce flood
risk)?

3 Who lacks information, capacity and opportunities to
take immediate short-term measures to limit impacts
(e.g. to move family and assets before a disaster event)?

4 Whose homes and neighbourhoods face the greatest
risks when impacts occur (e.g. because of poorer quality
buildings that provide less protection for inhabitants
and their physical assets)?

5 Who is least able to cope with the impacts (including
illness, injury, loss of property and loss of income)?

6  Who is least able to avoid impacts (e.g. by building
better homes, agitating for improved infrastructure or
moving to a safer place)?

A large proportion of the urban population in developing
countries live on sites ill suited to housing — for instance,
floodplains or mountain slopes or areas prone to flooding or
affected by seasonal storms, sea surges or other weather-
related risks.2%4 Most such sites are occupied by low-income
households because other ‘safer’ sites are beyond their
means. There is also the growing proportion of the world’s
urban population living in the low-elevation coastal zone2%® —
and many studies of particular coastal cities show that most
of those most at risk are low-income groups.2%

With regard to who lacks information, capacity and
opportunity 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 a lack of knowledge or capacities on the part of their
residents, although this may be the case for some new
arrivals.?0 Even if they know of an approaching storm that
may threaten their homes, the residents of informal settle-
ments are often reluctant to move even when advised to do
so — for instance, for fear of 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
their house and settlement are damaged. For instance, in
Santa Fe (Argentina), large-scale floods affecting large

sections of the population have become common — but many
of those living in informal settlements at high risk from
flooding did not want to move because they had no confi-
dence in the police that they would stop looting and were
worried that because they had no legal tenure, they might
not be allowed back.2%

In terms of whose homes and neighbourhoods face
greatest risks when impacts occur, studies of disaster
impacts from extreme weather in urban areas suggest the
majority of those who are killed or seriously injured and who
lose most or all their assets are from low-income groups.?%°
Many disasters only affect the inhabitants of particular infor-
mal settlements and other slums, and most such disasters
are not registered in national or international records of
disasters.?1% The reasons why most of the inhabitants of
informal settlements are so much at risk is obvious: poor-
quality housing with inadequate foundations, high levels of
overcrowding, lack of infrastructure, etc. Most low-income
groups live in housing without air conditioning or adequate
insulation, and during heat waves, the very young, older
persons and people in poor health are particularly at risk.2!!
For instance, in regard to urban centres in India:

[T]he urban residents most vulnerable to
climate change are the poor slum and squatter
settlement dwellers and ... they are multiply
challenged by even small events that impact
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 impossi-
bly high entry barrier into legal land and
housing markets — most poor people live in
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.?'?

Financial shocks from damage lasts months, even years, after
a disaster occurs. Thus, the extent to which the population
of a given city is protected by insurance will in large part
determine the impact of disasters. Access to insurance is
generally more inclusive in cities in developed countries
compared to those in developing countries, where poor
households typically lack access altogether.2!® Still, low-
income households in developed countries can be excluded
from insurance where public coverage is inadequate and the
costs of private insurance are prohibitively high. Unlike their
wealthy counterparts, low-income households often lack the
resources to mitigate damages after they occur — for
instance, through healthcare, structural repair, communica-
tion, food and water.?!* In the absence of adequate recovery
assistance, the poor often sacrifice nutrition, children’s
education or any remaining assets to meet their basic needs,
thereby further limiting their chance of recovery and escape
from poverty.2'>

Evidently, climate change disproportionately affects
lower-income groups in both developed and developing



countries. Although these distributional impacts are far from
being adequately addressed on international or national
levels, the nexus between poverty and climate change has
steadily worked its way into the climate change discourse,
emerging in focus groups, meetings and reports by many
international organizations, including the Organisation for
Economic Co-operation and Development (OECD) and the
World Bank.2!¢

Gender

In most urban centres, there are significant differences
between women and men in terms of their exposure to
climate-related hazards, and their capacity to avoid, cope
with or adapt to them.?!” This is because men and women
differ in their livelihoods, familial roles, production and
consumption patterns and other behaviours, perceptions of
risk, and are in some cases treated differently with respect to
planning and relief efforts during and after disasters (see
Table 4.4).

In general, women, especially poor women, are more
likely than men to suffer injuries or death when a natural
disaster occurs, with more severe disasters correlating with
wider gaps in relative risk. Poor women have been found to
be more exposed to direct harm from flooding or hurricanes
compared to other socio-economic groups.?'® In 1991, a
cyclone in Bangladesh killed five times as many females as
males.?! Females comprised more than three-quarters of
the deaths in four Indonesian villages hit by the 2005
tsunami, while in the village of Kuala Cangkoy, where the
worst devastation occurred, females accounted for 80 per
cent of the deaths.?”0 Gendered impacts are evident in rich
countries as well, particularly in poor communities. For
example, in the French heat wave of 2003, about 70 per
cent of fatalities were women, although this number may be
artificially high since there are more women than men in
older age groups.??!

To some extent, the higher death rates for women in
disasters can be explained by the fact that women comprise
the majority of the world’s poor population, who face vulner-
ability factors as previously discussed. This statistic,

Aspect of vulnerability

Gendered division of labour and
‘poverty of time’

Contribution to urban vulnerability

Women have prime responsibility for ‘reproductive’
labour; lack of time to engage in ‘productive’ labour
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however, can obscure the many other important factors that
place women at greater risk than men. In developing
countries, women often experience unequal access to
resources, credit, insurance, services and information.
Women'’s socio-cultural roles and typical care-giving responsi-
bilities often prevent them from migrating and seeking
shelter before and after disaster events. In some cases,
women may not be allowed to travel alone and may be
prevented from learning skills that could aid their survival
during a disaster. Also, women’s lower economic status
increases their vulnerability in the event of a disaster occur-
ring. When homes are destroyed or damaged, this often
affects women’s incomes more than men’s as they often
engage in income-generating activities from home and there-
fore lose income when homes are destroyed.222 Where
access to resources and the social status of women are nearly
equal to that of men, the mortality difference between the
sexes is much smaller or, in fact, negligible, compared to
societies with wide gender inequalities.22®

The method by which aid is distributed following
disasters further contributes to gendered vulnerability. In
both developing and developed countries, women may have
limited capacity to secure relief aid, whether due to formal
assistance policies or cultural norms.?2* In Bangladesh, for
example, women have traditionally had difficulty receiving
relief aid after disasters because it was difficult for them to
wait in long lines at recovery centres when they needed to
care for children at home. Expanded recovery systems that
provide door-to-door service are helping to address this
issue.?25

Households that are headed by women do not always
receive the assistance they need when disaster relief is
tailored to reintegrate men into the workforce or when it
privileges male-headed households for relief aid.?20 For
example, relief checks following Hurricane Andrew in Miami
(US) were distributed to men as traditional heads of house-
hold, ignoring the reality that many families were then
headed by women.??” If men leave their families, as
frequently occurs following a natural disaster, women are
rendered ineligible for public assistance or may go unrecog-
nized by the system.

Contribution to climate vulnerability

Limited financial assets to build resilience and to cope
with disaster events

Gender-ascribed social responsibilities

Women have prime responsibility for ‘reproductive’
labour; lack of time to engage in ‘productive’ labour

Additional domestic responsibilities when access to food,
water and sanitation are disrupted; additional time required
to care for young, sick and elderly

Cultural expectations of gender norms
in certain activities

Constraints on women’s mobility and involvement

Higher mortality from disaster events due to lack of
skills and knowledge

Unequal entitlements to land and
property

Limited access to productive resources

Limited ability to invest in more resilient land or shelter

Higher representation of women
in informal sectors

Lower wages and lack of financial security

Damage to homes and neighbourhoods affects women'’s
incomes more severely as income-earning activities are
often undertaken at home

Safety and security in public spaces

Limited freedom to use public space

Particular problem in temporary accommodation/
relocation sites; high rates of sexual abuse and violence

Limited engagement of women in

planning processes women and children

Urban plans fail to meet particular needs of

Climate adaptation plans fail to meet needs of women
and children; failure to incorporate women’s perspectives
may result in higher levels of risk being accepted

Source:IFRC,2010
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Women, especially
poor women, are
more likely than
men to suffer
injuries or death
when a natural
disaster occurs

Women’s lower
economic status
increases their
vulnerability in the
event of a disaster
occurring

Table 4.4

Gender and climate
vulnerability
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Likewise, trauma programmes are often not tailored
to the specific, and, at times, unique needs of men and
women. In the aftermath of storms, women often dispropor-
tionately experience sexual or domestic violence.??® Disaster
relief programmes are sometimes inadequate to meet the
medical needs of women, especially those related to repro-
ductive and psychological health. Women were 2.7 times
more likely than men to exhibit clinical symptoms of post-
traumatic stress disorder following Hurricane Katrina, and
many went untreated for years after the event because of
limited access to public assistance programmes and lack of
health insurance.??° In some cases, men may take greater
risks following natural disasters and may not receive treat-
ment for trauma because of gender roles and stereotypes.2*
The psychological needs of men may also be overlooked in
disaster programmes; for example, men were not offered
counselling following flooding of the Koshi River in 2008
that affected Bihar, India and Nepal.?!

Restrictions on women’s livelihood also increase their
vulnerability to climate change in both developing and devel-
oped countries. Women sometimes have less access to
education compared to men and tend to earn lower wages
than men as well, especially in developing countries (even
for the same work). Similarly, in developed countries, gender
differences in employment opportunities and pay are one of
the greatest contributors to increased poverty rates among
women.* In many developing countries, marriage customs
may prevent women from working at all outside the home,
and may remove women from social networks and extended
family.?33 Women’s ability to contribute to their own welfare
and garner resources and investments that could help them
recover from disasters is thus limited.

Furthermore, women are often excluded from
planning processes and discussions about climate change. As
a result, the perspectives and needs of women are insuffi-
ciently incorporated within processes and mechanisms to
address climate change, if they are included at all. There is
little evidence of specific efforts to target women in adapta-
tion activities funded by bilateral and multilateral prog-
rammes. In excluding them from planning processes, an
opportunity is missed to gain the unique knowledge that
women possess regarding mitigation strategies, natural
resource use, and adaptation and coping strategies following
disasters. For instance, as primary caregivers, women could
provide vital information about storing and protecting food
and valuables during a disaster, educating children about
survival strategies, and reinforcing structures before and
after a severe weather event.?3*

Age

Young children are particularly vulnerable to climate change
impacts, in part because of their physiological immaturity
(see Box 4.9). Due to their limited cognitive ability and
behavioural experiences compared to adults, children are
less equipped to handle disaster risks. They are more suscep-
tible to diarrhoeal diseases and malaria — which, as men-
tioned earlier, are anticipated to increase with climate
change in many regions. Furthermore, physical health

damage can be more severe and long lasting in children than
adults because their bodies and organs are still develop-
ing,%3> and higher metabolism in children makes their need
for constant sustenance more pressing than it is for adults.
Food and water scarcity thus has particularly rapid and
serious consequences for children living in poverty.23

Children have limited ability to care for their basic
needs and take actions to adjust their physical conditions to
cope with external conditions. Adults are responsible for
these and other needs of children, including providing infor-
mation. In the absence of adult support, these and other
issues — including reduced ability to communicate effectively
and highly restricted mobility — leave children especially
vulnerable to climate change impacts.

For some children in some places, the added
challenges brought by climate change (including higher risks
from under-nutrition, intestinal parasites, diarrhoeal
diseases or malaria) could erode their opportunities for lear-
ning and growth — for instance, through lower cognitive capa-
city and performance. Learning is also dependent on
supportive social and physical environments and the oppor-
tunities to master new skills. Disasters often result in the
interruption of formal schooling for months at a time, and
children are more likely to be withdrawn from school when
households face shocks.

Levels of psychological vulnerability and resilience
depend on children’s health and internal strengths, as well
as household dynamics and levels of social support. Poverty
and social status can have an important role in this regard.
The losses, hardships and uncertainties surrounding stress-
ful events can have high costs for children. Increased levels
of irritability, withdrawal and family conflict are not unusual
after disasters. High stress for adults can have serious impli-
cations for children, contributing to higher levels of neglect.
Increased rates of child abuse have long been associated
with such factors as parental depression, increased poverty,
loss of property or a breakdown in social support.

Displacement and life in emergency or transitional
housing after disasters or evictions have been noted in many
contexts to lead to an erosion of the social controls that
normally regulate behaviour within households and commu-
nities. Overcrowding, chaotic conditions, lack of privacy and
the collapse of regular routines can contribute to anger,
frustration and violence. Adolescent girls especially report
sexual harassment and abuse. The synergistic and cumula-
tive effects of such physical and social stressors can affect
children’s development on all fronts. 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.

Even less extreme events can create havoc in families’
lives, deepening the level of poverty. When times are hard,
children can become an asset that is drawn on to maintain
the stability of the household. Children may be pulled from
school to work or take care of siblings. Some children may be
considered more ‘expendable’ than others. Many of the
young prostitutes in Bombay (India) are from poor rural
villages in Nepal, where inadequate crop yields lead families
to sacrifice one child so that others may survive.



Box 4.9 Climate change risks for children

Older persons share similar physical and social vulner-
abilities with children. Pre-existing illnesses and physical
ailments limit their mobility and coping capacity, which may
prevent them from evacuating or seeking shelter in
emergency situations. Since their bodies adjust more slowly
to physical conditions than younger populations, they may
not perceive excessive heat quickly enough to prevent heat
stroke. Empirical evidence indicates that the elderly display
disproportionately higher injury rates after natural disasters
and higher rates of heat wave mortality.23” A recent study on
climate change impacts in Oceania found that 1100 people
aged over 65 die each year in ten Australian and two New
Zealand cities as a result of heat waves.?

While adaptive measures do exist to help the elderly
combat their physical vulnerability, these mechanisms are
often solely accessible to wealthy populations. The elderly
are more likely than younger people to require assisted trans-
portation out of a dangerous situation; but poor individuals
may not be able to afford private transportation. Lack of
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personal contacts and distrust of strangers decreases their
access to volunteered assistance, and they are also less likely
to accept financial assistance from public recovery and aid
programmes. 2%

The vulnerability of the elderly is, thus, like other
groups, dependent upon their economic status. Yet, all else
being equal, the elderly show disproportionate rates of
poverty, for the most part because they no longer maintain a
source of income and tend to have low endowments of
assets.?40 While rates and magnitude of poverty are greater
in developing countries, poor older persons in developed
countries are more likely to live alone and be socially
isolated.

Ethnic and other minorities (including
indigenous groups)

Racial and ethnic minorities also exhibit increased vulnera-
bilities to climate change in both developed and developing
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countries. Discriminatory practices often segregate groups
of minorities into the highest-risk neighbourhoods, usually
without access to insurance and loans as security against
climate change impacts. The majority of flooding victims in
Bihar (India) in 2007 were ‘untouchable’ low-caste groups
who resided in floodplains and areas prone to landslides.?!
The most vulnerable low-lying communities in New Orleans
(US) are comprised mostly of African-Americans. This group
suffered the relatively most severe losses of life and assets
during Hurricane Katrina.>*?

In both developed and developing countries, provi-
sion of government assistance following disasters is often
less accessible to racial and ethnic minorities. Aid workers
may not be properly educated regarding cultural norms, or
important information regarding assistance may not be avail-
able in the right language.?® Since aid is sometimes
structured around the household as a single family unit,
some ethnic minorities may not receive as much assistance
as majority groups. For instance, in the US, the Federal
Emergency Management Agency’s assistance to Haitian
residents of Florida following tropical storm damage has
been found to be insufficient because several families tend
to occupy a single household.2*4 Outright exclusion of
certain groups from disaster relief occurred during recent
disasters in South Asia, including during the flooding of the
Koshi River in 2008 in Bihar, India and Nepal, the 2005
Kashmir earthquake and the 2004 Indian Ocean tsunami.
Assessments of the relief and reconstruction efforts follow-
ing these disasters have revealed discriminatory practices
and human rights abuses against women, the poor, indige-
nous groups and the disabled.?*> Furthermore, the know-
ledge of government views towards minority groups or previ-
ous examples of discrimination in some cases discourages
minorities from seeking assistance.240

Similarly, indigenous peoples in many areas have
historically faced factors that can increase their relative
vulnerability. Alienation from decision-making, education,
healthcare and information regarding assistance and relief
programmes are common among indigenous peoples.
Moreover, indigenous peoples often lack security of land
tenure and legally recognized property rights, which can
force them to settle in hazardous areas if they are removed
from their land.?*” Lack of legal property can also limit the
ability of indigenous peoples to adapt to climate change,
particularly when, for example, their adaptation strategies
involve seasonal migration due to drought. If their traditional
means of adapting are restricted by denial to move into new
areas, they may not be able to cope with changing climatic
conditions.*?

DISPLACEMENT AND
FORCED MIGRATION

Millions of people move each year, with over 5 million cross-
ing international borders into developed countries and even
greater numbers moving into or within developing
countries.*? The reasons why people move are complex and
interrelated, and there is evidence that poor environmental

conditions can contribute to the decision of groups or
individuals to move. As the world’s climate changes, result-
ing environmental degradation, drought and sea-level rise
may lead to the permanent displacement of people and,
consequently, increased internal and international migra-
tion. The term migrant does not imply that movement was
forced, but refers to a person who has changed place of
residence either by moving across international borders
(international migrant) or moving within one’s country of
origin (internal migrant).2>® This section describes the
observed role of the environment in migration, projections
for future migration as a result of climate change, and the
consequences of migration.

Migration has been documented around the world
both as a response to sudden-onset natural disasters and
slow-onset changing environmental conditions. In 2008, an
estimated 20 million individuals were displaced due to
sudden-onset natural disasters alone.?*! Flooding and severe
storms have been linked to migration in the Philippines,
Pakistan, China and the Democratic People’s Republic of
Korea.?*? Decades of drought and land degradation have
contributed to the relocation of nearly 8 million inhabitants
of north-eastern Brazil to the central and southern regions of
the country since the 1960s.2°% In Ghana, studies have
found evidence of drought-induced internal migration from
north-western to central and southern regions. Northern
Ghanaians relocate to Ghana's middle regions because of the
combination of poor agro-ecological conditions at home and
easy access to fertile lands in the more humid south. As
such, 30.8 per cent of people born in north-western Ghana
now live elsewhere.

Still, figures for environment-related migration are
contentious because it is difficult to ascribe a single cause to
most migration events. Evaluation of historical migration
events, both permanent and temporary, suggests that
environmental decline can serve as an important ‘push’
factor in generating movement; but it is not typically the sole
causative agent of migration. As a further complicating issue,
environmental degradation itself may occur not only due to
climate change impacts, but as a side effect of war, political
instability, overpopulation or widespread poverty. Changing
environmental conditions may exacerbate longstanding
problems such as conflict or food shortages. Many factors
that can be implicated in migration are difficult to entangle,
and it is impossible to ascribe blame to a single starting
factor.

The response of any particular community to environ-
mental change depends on a variety of socio-economic and
historical considerations. In the least developed countries
where rural economic activities are disrupted by environ-
mental conditions (e.g. drought), migration is usually
temporary and internal.2> If societies are able to adapt to
slow-onset changes, they may only migrate seasonally or
individuals may leave temporarily and send back resources to
their remaining family. While sudden disasters often force
people to move quickly to a safe location, the poor do not
often have the resources to move, and loss of resources
during disasters may only make it less likely that low-income
households will eventually relocate.?%



Projections for future climate change-related displace-
ment average 200 million migrants by 2050; yet estimates
depend greatly on the degree of climate change and how
abruptly change occurs.?*” Despite difficulties in predicting
global migration patterns, there are areas that may be partic-
ularly affected because of their vulnerability to risk factors.
Populations located at low elevations are vulnerable to
climate-induced migration, especially in areas where other
vulnerability factors exist (e.g. overcrowding). Small island
states, including the Bahamas, Marshall Islands and Kiribati,
are located entirely below 3m or 4m above sea level, so their
populations here may have to relocate entirely as sea-level
rise and coastal subsidence continue.?%

It is difficult to establish where displaced residents
are likely to relocate to. In most historical cases, displaced
residents move to other regions of their native country. Rural
to urban migration has been a major component of urbaniza-
tion across Africa and in Asia, though it should not be an
assumed response to environmental degradation around the
world. In regions with strong agriculture sectors, migrants
may move from one rural area to another rather than from
rural areas to cities. In rapidly urbanizing countries (e.g. in
countries throughout the Latin American and Caribbean
region), migration from one city to another is common. Rural
to urban migration typically happens where economic
growth is occurring or there is an expansive manufacturing
or service economy.?® However, it is also reasonable to
expect that some international migration may occur where
inland relocation is impossible or where cultural and historic
relationships exist between countries.

Depending on the scale and nature of these events,
migration can result in social disruption or conflict,
especially if migratory events bring into contact peoples with
pre-existing social or cultural tensions. New arrivals to cities
may also be seen as competition for jobs or resources, gener-
ating distrust and possibly leading to conflict. Social
disruption is particularly likely in developing countries
where cities may be less able to absorb new residents. In
addition, political instability common to many developing
countries can at best fail to mitigate conflicts and can, at
worst, facilitate them. 260

Forced migrants can also find themselves vulnerable
to a range of risks, climate related and otherwise. They often
face threats to their health and personal security and, in
some areas of the world, are at danger of human trafficking
and sexual exploitation.2! The nature and magnitude of
these implications will depend on the location of events,
number of people involved, and the time-scale over which
migration occurs and preparations have been made.

A growing body of evidence suggests that threats to
livelihoods, immigration and resource scarcity can become
sources of violent conflict, and indicates that climate change
can directly and indirectly influence these trends.?%? Indeed,
the United Nations Security Council acknowledges climate
change as a threat to human security as resource scarcity,
water stress and migration potentially lead to competition
and conflict.?03 Still, there is much uncertainty about the
specific causal links between climate change, human insecu-
rity and the risk of violent conflict. More research regarding
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conflict, especially at the regional level, would be useful in
identifying where policy intervention may be necessary now
and in future.?%*

IDENTIFYING CITIES
VULNERABLE TO
CLIMATE CHANGE

The concept of vulnerability in relation to climate change is
also applicable to larger systems such as cities or city-regions
or to resources and ecosystem services. This section of the
chapter describes the key indicators of vulnerability in urban
areas with regard to risk of exposure and adaptive capacity.
Cities may not only serve as sources of particular vulnerabil-
ity to climate change, but also as centres of concentration for
resources, novel ideas and capacity for technological innova-
tion. In this sense, although cities face interacting risk
factors from climate change, they may have the ability to
respond to climate change while providing tools and lessons
for others.

Urbanization

As indicated in Chapter 1, levels of urbanization are increas-
ing worldwide. Population growth in urban centres has the
potential to significantly exacerbate climate change impacts.
Increasing population means greater demand for resources —
including energy, food and water — and greater volumes of
waste products. Thus, for those regions of the world where
resource scarcity is an existing problem, urbanization can be
a significant vulnerability factor. Population growth can also
cause stronger urban heat-island impacts, which can be a
particular challenge for small compact cities such as those
typical of Southern Europe.

Where population growth occurs rapidly, demand for
housing, infrastructure and services can grow much faster
than supply. This can force development in hazardous areas
or with inadequate construction materials and techniques.
In many cases in developing countries, urban slum expansion
results in part because population growth outpaces the
construction of adequate affordable housing. Unplanned
population growth can also result in sprawling urban settle-
ments that encroach upon natural flood and storm buffers.

Rates of urbanization are higher in developing
countries, which are less prepared than developed countries
to deal with the resulting impacts. For these regions of the
world, population growth can act as an acute threat multiplier,
concentrating residents in high-risk areas without infrastruc-
ture or services, and accelerating environmental degradation.
As cities continue to rapidly urbanize surrounding areas, they
typically increase their exposure to climate events as develop-
ment patterns expand into areas that are more vulnerable to
climate change and extreme climatic events.%%®

Urban areas face a dichotomy with regard to their
vulnerability and resilience to climate change. On the one
hand, larger cities are more likely than other regions to be
affected by climate events because of their larger size and
populations.?% On the other hand, larger cities tend to have
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a significant accumulation of human and financial capital
that allows them to plan and respond more effectively to
extreme events, as cities can draw on talents and financial
resources from around the world to aid in rescue and recov-
ery.27 Also, adaptation can be expensive and, as a result,
larger cities tend to be better protected, both by engineering
works and early warning systems.%%® However, this general-
ization does not necessarily hold true in developing cities,
where prevalence of slums, inadequate governance and
limited resources can reduce resilience.?%

Despite the inherent issues associated with growing
urban populations, most problems can be mitigated with
urban planning that diverts growth away from highly
hazardous areas, enforces energy and water efficiency
standards for buildings, and minimizes urban heat effects.
Thus, the extent to which urbanization acts as an additional
source of vulnerability often depends on the integration of
future population projections within land-use and infrastruc-
ture planning at the city level.

Economic development

Climate change impacts are not experienced in the same way
by cities in developing and developed countries. Risk is
skewed towards developing countries such that more people
are at risk of being affected by a natural disaster in a develop-
ing country compared to a similar disaster in a developed
country.2”° Lack of economic strength, as is the case in many
developing country cities, exacerbates vulnerability by limit-
ing the ability to minimize and adapt to the impacts of
climate-related hazards. Studies have linked the size of a
city’s coastal population and economy (e.g. GDP and GDP
per capita) to its vulnerability to sea-level rise.?’! Other
issues underlying the risk differential between cities in
developing and developed countries include the integrity of
infrastructure and urban planning, or lack thereof; the avail-
ability of resources and information; levels of risk awareness;
presence of disease and malnourishment; and dependence
on natural resources.

Developing country cities often lack risk management
plans, early warning systems and the ability or foresight to
move residents to safer locations when disasters are
inevitable. Their local authorities do not have the capacity to
respond to natural disasters, and if laws or plans do exist for
disaster response, they are rendered ineffective from lack of
human or financial capital to enact them. For instance, the
capacity of local authorities in developing countries to
minimize the effects of flooding is restricted compared to
developed countries, including through physical protection
such as complex and modern water treatment and catch-
ment systems, flood barriers and other risk buffers.
Moreover, due to the unequal distribution or general lack of
resources, political instability and corruption, many develop-
ing country cities lack the network of governmental and
non-governmental institutions that aid recovery efforts in
wealthier countries.?” As a result, developing countries can
experience great physical damage during flooding or severe
weather events and often have difficulty rebuilding their
infrastructure and economy. Furthermore, a recent study

concludes that the National Adaptation Programmes of
Action (NAPAs) which are intended to guide adaptation
responses in least developed countries and small island
states are inadequate to protect public health from climate
change impacts.?’3

The diversity of local sources of income is a further
important facet of the magnitude of climate change impacts
in cities. Where cities are reliant upon few industries for the
majority of local economic productivity, they can be seriously
affected if those activities are affected by climate change
both due to short-term monetary losses and longer-term
economic decline. In those areas with low economic diver-
sity, loss of a single industry leaves few other options for
workers who lose their jobs. In Venice (Italy), for example,
flood impacts on tourism and aquaculture leave the city’s
future uncertain.

An additional vulnerability factor for cities is the
degree of disparity between high- and low-income groups. In
both developing and developed country cities, the poorest
are typically the hardest hit by natural disasters and least
able to cope with a range of climate change impacts. Those
cities with great income inequality and large populations of
residents living in poverty have inherently high vulnerability.

Some developing country cities may be unable to
prepare for climate change or to cope with climate change
because they are hampered by outbreaks of disease or
chronic malnourishment. Unhealthy populations have
reduced mobility and may be especially sensitive to water
and food shortages. Prevalence of HIV (human immunodefi-
ciency virus) and AIDS (acquired immune deficiency
syndrome), for example, have been cited among the primary
reasons that the population of Malawi has been increasingly
vulnerable to the effects of regional drought.?’* The impacts
of disease do not end with infected individuals, but rather
weaken the defences of entire communities. As a greater
proportion of the population becomes sick, food and
economic productivity declines and contributes to higher
rates of poverty and malnourishment.?” It is clear that
similar effects could occur not only in regions with AIDS
epidemics, but those experiencing outbreaks of plague, flu
and other infectious disease.

Physical exposure

The level of vulnerability of an urban area to climate change
risks depends, in part, on how much of the city’s population
and economic assets are located in high-risk areas (i.e.
exposure). [n many cases, exposure level will be a function
of the location of the city itself. Many of the world’s largest
cities are located in areas vulnerable to climate events, such
as low-lying coastal areas. Though low-elevation coastal
zones account for only 2 per cent of the world’s total land
area, this area accounts for approximately 13 per cent of the
world’s urban population.?’® Coastal cities in this zone have
high levels of exposure — both of population and assets — to
sea-level rise, storm surges and flooding simply as a function
of being so near the ocean.

Exposure can also be linked to land-use planning
within the city, including continued development in known



hazardous zones, and the destruction of natural protective
areas.?’” Coastal communities who encroach onto wetlands,
sand dunes and forested areas increase the likelihood of
flooding, together with all its associated impacts upon
housing structures, transportation networks and water
quality.2”8

Weak structural defence mechanisms and oversight of
building codes further increase the vulnerability of cities in
high-risk areas. Sea walls, levees, dykes and water pumps can
reduce the chances and intensity of flooding from storm
surges and heavy precipitation, while reinforcements on
housing and transportation systems can limit damage when
flooding does occur. Those cities with inadequate, aging
structural defences and infrastructure in need of repairs or
upgrades are often highly vulnerable to climate change risks.
The system of structural defences throughout cities in Japan,
for example, has resulted in fewer cyclone damages than in
cities in the Philippines, even though exposure risk in Japan
is generally higher.2”?

In particular, the physical infrastructure of slums
increases the vulnerability of residents to climate change
impacts. In 2010, nearly 32.7 per cent of the urban popula-
tion in developing countries lived in slums,?80 which are
especially vulnerable to climate change. The very defining
characteristics of slums — namely, structures of substandard
quality, lack of basic services, overcrowding and social
exclusion — clearly suggest that residents are particularly
vulnerable to climate change impacts.?8! Disaster risk is
often high for slums because construction occurs in particu-
larly hazardous areas, including steep slopes or in flood-
plains. In Nairobi (Kenya), for example, poor urban planning
has resulted in residential and commercial development in
floodplains that restricts water flow and increases the likeli-
hood of flooding.28? The lack of adequate drainage systems
leaves such settlements open to rapid flash floods, as in the
case of those that occurred near Caracas (Venezuela) in
1999 and Mumbai (India) in July 2005.283 In Mozambique,
politicized land distribution systems and high pricing forces
urban residents to live in unregulated slums and informal
settlements with inadequate drainage. As a result, severe
flooding in 2000 disproportionately affected the urban poor
living in a number of urban locations.?®* Box 4.10 further
illustrates the challenge of flooding in the slums of Kampala
(Uganda).

Urban governance and planning

The ability of urban centres to prepare for and respond to
climate change is linked in large part to the quality of local
governance and the strength of the institutional networks
available to provide assistance to residents, as elaborated
upon in greater detail in Chapters 5 and 6. Urban gover-
nance and planning can improve resilience to climate change
impacts through targeted financing of adaptation, broad
institutional strengthening and minimizing the drivers of
vulnerability.?8> Urban areas with weak governance systems
— as a result of political instability, exclusion of climate
change from the political agenda or lack of governmental
resources — are highly vulnerable to climate change impacts.
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Box 4.10 Vulnerability of slums to climate change:
The case of Kampala, Uganda

Kampala, the capital city of Uganda, has been experiencing rapid urbanization and slum expan-
sion. Currently, over 50 per cent of the urban population live in informal settlements
characterized by poor sanitary conditions, infrastructure deficiencies and lack of waste disposal
services.

In these areas, even relatively small amounts of rain can cause flooding. The natural
drainage capability of the land has been impaired because of the extensive amounts of construc-
tion, complex roadways and collection of trash and debris. Runoff is therefore six times that
which would occur in a natural environment, leading to hazardous conditions during rains.
Flood-related accidents result in deaths of slum residents each year, many of them children.
Sewers are available to only a small proportion of the population, so flooding carries faeces and
spreads diarrhoeal diseases such as cholera.

Increasing variability of rainfall and more intense storms have compounded the
problems that already exist in the slums of Kampala. Climate change is likely to increase the
incidence of flooding and accelerate the spread of diseases, including malaria and waterborne
diseases. Climate change here has the potential to worsen poverty, especially among poor
women, who have limited, if any, access to credit or property compared to men, and who are
often excluded from decision-making processes.

Source: Mabasi, 2009

In many cities throughout developing countries, populations
continue to grow in the absence of effective urban planning,
resulting in living conditions that exacerbate climate change
impacts, and development in vulnerable areas such as coastal
zones at risk from sea-level rise, flooding and coastal storms.
Similarly, weak building codes and standards (or lack of
enforcement) increase the vulnerability of individual house-
holds and entire communities.?8

Civil society institutions — including community-based
organizations, NGOs, faith-based organizations and organiza-
tions for minorities and women — can mitigate vulnerability
by helping populations cope with and adapt to change. These
may be especially powerful resources for underrepresented
minorities, women and indigenous peoples whose unique
needs are often overlooked even where climate change is a
focus of political institutions. Cities where these resources
are unavailable or discouraged may be particularly vulnerable
to change.

The physical
infrastructure of
slums increases the
vulnerability of
residents to climate

Disaster preparedness change impacts

Natural and human-made disasters have been on the rise
worldwide since the 1950s, coinciding with the rise in world
urban population (see Figure 4.2).%87 As climate change
continues to occur, disasters such as landslides, floods,
windstorms and extreme temperatures may occur with
greater frequency and intensity. Urban vulnerability to
climate change will therefore depend upon disaster prepared-
ness, defined by the International Strategy for Disaster
Reduction Secretariat as ‘activities and measures taken in
advance to ensure effective response to the impact of
hazards, including the issuance of timely and effective early
warnings and the temporary evacuation of people and
property from threatened locations’.??

Disaster preparedness may be linked to governance
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and institutional capacity and the availability of information

to residents; but it is not necessarily the case that poorer
World population and . . .

countries or cities will always be less prepared. For example
recorded natural and . . . . ’
technological disasters despite being a relatively poor country, Cuba has imple-
(e.g.industrial and mented effective disaster preparation mechanisms. On the
transport accidents) other hand, although the US is a relatively rich country, it
(1950-2005)

has sometimes proven to be ill prepared for disasters; for
Source: UN-Habitat, 2007, p170 instance, emergency response was inadequate both hefore
and after Hurricane Katrina struck the city of New Orleans.

CONCLUDING REMARKS
AND LESSONS FOR POLICY

Climate change impacts have real implications in the urban
environment, many of which will continue to exacerbate
existing vulnerabilities and social issues in the future. While
local climate change risks, vulnerabilities and adaptive
capacity vary across cities, the global review undertaken in
this chapter reveals several key common themes.

First, climate change impacts may have compounding
effects across many sectors of city life. The specific nature of

Urban vulnerability climate change risks is heterogeneous around the world; but
to climate change these risks have compounding effects in nearly any context.
will therefore For example, extremely high temperatures have direct
depend upon impacts upon human health, placing individuals at risk of
disaster prepared- heat-related illness or mortality. At the same time, increasing
ness temperatures in certain locations increase demand for

energy, which can reinforce climate change by increasing
greenhouse gas emissions and exacerbating the urban heat-
island effect. Cities have inherent properties that can inter-
act with climate change effects — including rapid population
growth, high population density, urban heat-island impacts
and the presence of poverty — such that impacts that may
appear minor when considered individually may have serious
effects when considered together in local context.

Second, climate change does not affect everyone
within a city in the same way: gender, age, race and wealth
have implications for the vulnerability of individuals and
groups. Racial and ethnic minorities, indigenous peoples,
poor populations and socially isolated individuals are highly

vulnerable to climate change impacts. The poor are often
least able to cope and adapt to climate change impacts
because they have relatively few resources and tend to be
located in the most hazardous areas. Indigenous peoples,
minorities and women may be explicitly or tacitly removed
from decision-making processes and, in some cases, have
limited access to insurance, information and resources. As a
result, these groups are both less prepared for physical
hazards and less able to adapt. These effects tend to be
particularly pronounced in cities in developing countries
compared to developed countries, but are evident world-
wide.

Third, planning within cities — including siting of
residential areas, businesses and transportation infrastruc-
ture — often proceeds based on historic climate data,
increasing the risk of various sectors to changing conditions.
Because of low land prices and less resistance from
residents, infrastructure (including ports, water sanitation
facilities, power plants, roads and airports) tends to be
constructed in vulnerable areas. These assets are long lived
and will therefore be subjected to changing conditions such
as sea-level rise, more variable precipitation and increased
intensity of storms. Failure to adjust zoning and building
codes and standards with an eye to the future may limit the
prospect of infrastructure adaptation and place lives and
assets at risk. Likewise, failure to consider the impacts of
rising populations in city planning leads to conditions that
exacerbate the vulnerability of residents to climate change,
as illustrated by the case studies reviewed in this chapter.
These conditions include water and other natural resource
scarcity, environmental degradation and development of
urban slums.

Fourth, climate change impacts can be long lasting
and propagate worldwide. When disasters related to climate
change occur, focus on the affected areas tends to be limited
to a short period of time following the event. Yet, experience
reveals that the social and economic impacts of these disas-
ters can extend for months or years. Damage to trans-
portation infrastructure can interfere with a city’s ability to
recover from extreme climate events. Lack of insurance
coverage can make it very difficult for individuals to cope in
the aftermath of disasters, particularly among the poor, who
may not have savings or assets to use to repair damage to
their homes or to purchase the necessities of recovery.
Moreover, cities around the world, in particular large cities,
are interconnected by capital and labour markets. Extreme
climate events that result in economic losses in urban areas
or interruption of trade routes can thus result in long-lasting
rebounding global impacts.

Fifth, limitations on governance and planning increase
the vulnerability of cities, especially in developing countries,
to climate change. Poor planning resulting from scarce
resources, limited information and/or political corruption
limit the ability of cities to prepare for climate change as well
as to recover when climate-related impacts occur. In devel-
oping countries, in particular, poor planning has encouraged
the development of slums and informal settlements that are
prone to damage from climate-related impacts. Slum expan-
sion can be difficult to control because these settlements



sometimes develop outside of the jurisdiction of local
government. In both developed and developing countries,
inadequate preparation for climate-related disasters has led
to great losses of life and assets when individuals were not
evacuated before a disaster or rapidly attended to after-
wards.

Taken together, the themes discussed above suggest
that the direct and indirect impacts of climate change will
continue to threaten the very social and economic fabric of
cities. International, national and local governments and
institutions can benefit from the growing body of research
on climate change impacts by adjusting their policy
approaches with a mind to the future.

The many examples of climate change impacts
reviewed in this chapter highlight the context-specific
nature of impacts. Accordingly, policies ought to be designed
to address local physical impacts and vulnerabilities to the
greatest extent possible. This does not, however, preclude
the importance of national government and international
collaboration on the global challenge of climate change. In
fact, security issues, migration and resource scarcity will
often raise issues that cross local and national boundaries.

Likewise, policies and interventions should be devel-

The Impacts of Climate Change upon Urban Areas

oped with attention to the social and economic charac-
teristics of resident populations in order to reduce, rather
than reinforce, inequalities. Care should be taken to identify
who bears the greatest burden of climate change in a given
area and to develop policies with the goal of minimizing this
burden. Increasing the participation of groups who have
been typically marginalized — whether indigenous groups,
low-income groups, women and/or racial minorities — can
help to both reduce the distributional impacts of climate
change and broaden the knowledge base used to tackle
climate change.

Perhaps the most important lesson for policy-makers
is that climate change should no longer be considered a
solely environmental challenge, addressed in isolation from
other social and economic issues. Climate change in urban
areas interferes with a wide range of existing and emerging
policy challenges, among them poverty eradication, water
sanitation, scarcity of food and water, and population
growth. When climate change is embraced as an integral part
of these challenges, solutions can be designed to more
adequately reflect and address its myriad impacts upon
cities.
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CLIMATE CHANGE MITIGATION
RESPONSES IN URBAN AREAS

Mitigation — the reduction of greenhouse gas (GHG)
emissions and their capture and storage — has been at the
heart of policy responses to climate change over the past two
decades. At the international level, the 1992 United Nations
Framework Convention on Climate Change (UNFCCC) has
as its core objective the ‘stabilization of greenhouse gas
concentrations in the atmosphere at a level that would
prevent dangerous anthropogenic interference with the
climate system’.! Subsequent agreements, including the
1997 Kyoto Protocol and the 2009 Copenhagen Accord,
have developed targets and timetables for the international
community to reduce GHG emissions.> Many national
governments have made commitments which go beyond the
rather modest goals that have so far been agreed internation-
ally. However, achieving these international and national
ambitions is dependent on the implementation of policies
and measures to reduce or capture GHG emissions on the
ground. Cities are therefore critical places for achieving
mitigation. As Chapter 3 has shown, a significant proportion
of GHG emissions arise from activities undertaken in urban
areas.’ Cities represent concentrations of population and
economic activities, with growing demands for energy for
domestic services such as heating, cooling and lighting, as
well as commercial buildings, industrial processes, telecom-
munications systems, the provision of water, the production
of waste, leisure activities, travel and so on. Cities can there-
fore be seen as part of the problem of climate change and

Part of the problem Part of the solution

+ In2010, half of the world’s population lived in cities.

+ Between 2010 and 2020, 95% of the global population growth
(766 million) will be urban residents (690 million), and the bulk of
these (632 million) will be added to the urban population of
developing countries.*

+ Between 2000 and 2010, the number of slum dwellers in developing
countries increased from 767 million to 828 million. The figure might
reach 889 million by 2020.>

+Cities represent concentrations of economic and social activities that
produce GHG emissions.

+ Cities and towns produce between 40 and 70 per cent of global
anthropogenic GHG emissions.

+ By 2030, over 80 per cent of the increase in global annual energy
demand above 2006 levels will come from cities in developing countries.®

reducing GHG emissions in cities is a key policy challenge
(see Table 5.1).

However, cities can also be seen as part of the
solution to addressing climate change (see Table 5.1), both in
terms of the role of urban governments and hecause of the
potential for private-sector and civil society actors to respond
to climate change at the urban level. Municipal authorities
are potentially important actors in tackling the challenge of
mitigation for three reasons. First, they have jurisdictional
responsibility for key processes — land-use planning, trans-
portation, waste collection and disposal, and energy cons-
umption and generation — which shape GHG emissions.
Second, the concentration of people/business in urban areas
means that solutions (e.g. mass transit or requirements for
energy savings in offices) are feasible. In other words, cities
can act as laboratories where solutions for addressing
climate change can be tried and tested. Third, municipal
governments also provide a key interface for engagement
with stakeholders in the private sector and civil society. It is
increasingly clear that non-governmental actors have a signif-
icant role in addressing climate change at the urban level.
Private-sector organizations and civil society groups are now
involved in a range of measures (e.g. promoting behavioural
change and reducing energy use in commercial buildings)
independently of local and national governments.

Over the past two decades, cities have provided a
crucial arena within which the challenges of climate change

* Municipal authorities have responsibility for many processes that affect
GHG emissions at the local level.

* Municipalities can act as a ‘laboratory’ for testing innovative approaches.

* Municipal authorities can act in partnership with private-sector and
civil society actors.

+ Cities represent high concentrations of private-sector actors with
growing commitment to act on climate change.

+ Cities provide arenas within which civil society is mobilizing to address
climate change.

Sources:a UN,2010; b UN-Habitat, 2010; c see Chapter 3;d IEA, 2008, 2009
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mitigation are being addressed. During the 1990s, these
responses were primarily concentrated in developed
countries and undertaken through three international
municipal networks: Local Governments for Sustainability’s
(ICLEI’s) Cities for Climate Protection Campaign (CCP), the
Climate Alliance and Energie-Cités.* During the 2000, the
cities involved in responding to climate change have grown
in number and now include cities in the developing world, in
part facilitated by the emergence of new international initia-
tives such as the Cities Climate Leadership Group (C40), as
well as the continuing work of more established networks.>
Despite this recent growth in interest, and in their potential
significance in responding to climate change, the under-
standing of how and why cities are responding to climate
change remains limited, particularly in developing countries.
Studies of the responses to the issue of climate change
mitigation in cities rely heavily on individual case studies
from ‘pioneering’ cities in developed countries,® with some
notable exceptions.” This body of research suggests that the
response of cities to the challenges of mitigation has been
fragmented,® that significant gaps exist between the rhetoric
of addressing climate change and the realities of action on
the ground,’ and that the possibilities, and responsibilities,
for acting to reduce GHG emissions vary significantly
between cities.! In short, attempts to mitigate climate
change in cities have been far from straightforward.

Given that cities lie at the heart of the contemporary
neo-liberal political-economic model, this is not surprising.
Cities are pivotal sites in the ‘metabolism’ of natural
resources and the consequent production of GHG emissions,
upon which this model of development rests:!!

... Cities have extended their ecological hinter-
land by importing natural resources or
resource-based infrastructure services, like
electricity ... from afar, but also by using ecosys-
tems far beyond the urban bioregion as sinks for
their emissions. The patterns of modern urban-
ization have thus been highly dependent on the
functioning of the networks driving material
flows in and throughout the city."

This pattern of urbanization and its environmental conse-
quences has been uneven. While cities in the developed
world have historically been the source of the bulk of urban
GHG emissions, as the location of production of goods and
services shifts to cities in developing countries so do environ-
mental burdens. At the same time, as the consumption of
energy-intensive goods and services increases amongst afflu-
ent sectors of urban societies in developing countries, so too
will GHG emissions. However, the levels of GHG emissions
from poor urban populations remain negligible, suggesting
that urban efforts to mitigate climate change need to be
targeted at cities where there is both a responsibility and a
capacity to act. Furthermore, climate change will deepen a
range of existing inequalities; thus, discussions of climate
change mitigation in cities need to include broader concerns
about the vulnerability of different social groups. Specif-
ically, the gender dimension of climate change mitigation,

and the potential for women to contribute to climate change
mitigation strategies, has not yet been fully acknowledged.'®

The result is a complex geography of urban GHG
emissions, ' where responsibility for action, and the capacity
to act, rest with affluent urban societies, but where the
brunt of the future impacts of climate change will be borne
by vulnerable urban populations.' In this context, building
an understanding of how cities in developed countries are
responding to the challenge of climate change mitigation —
beyond the small number of case studies currently available
—isa critical task. At the same time, there is a need to under-
stand how climate change mitigation is being addressed in
the world’s megacities, which because of their sheer size are
potentially critical sites of current and future GHG produc-
tion, as well as the small urban centres within which the
bulk of population growth and energy demand over the next
few decades is forecast to occur.'® In Asia and Latin America,
recent industrialization and the growth of affluent urban
commubnities suggests that climate change mitigation may be
an increasingly pressing challenge.

This chapter seeks to address these knowledge gaps
by providing a review of urban responses to climate change
in a comparative context. It focuses on the responses of
so-called ‘global’ cities (those regarded as having partic-
ular strategic economic and/or political importance)'” and
megacities (those with a population of more than 10 million
people). These cities are critical to the urban mitigation of
climate change both because of their current and potential
contribution to GHG emissions and their wider economic
and political influence.!® First, the chapter considers the
policy responses and initiatives that are emerging in cities.
Second, it examines how such strategies and measures have
been undertaken through different modes and mechanisms
for governing climate change in the city. Third, the chapter
assesses the opportunities and constraints that cities have
encountered in institutional, economic, technical and politi-
cal terms, before, fourth, providing a comparative analysis of
emerging trends in urban responses to climate change.
Finally, the chapter offers some concluding comments and
lessons for policy.

RESPONSES TO CLIMATE
CHANGE MITIGATION
IN URBAN AREAS

Over the past two decades, municipal authorities have
engaged in the development of urban climate change
policies as well as initiatives and schemes to reduce GHG
emissions in the city. More recently, a range of other actors —
including non-governmental organizations (NGOs), donor
agencies and private corporations — have also become
involved in urban climate change mitigation initiatives. This
section reviews different policy approaches that municipali-
ties have developed for dealing with climate change
mitigation before considering the strategies and measures
that have been adopted by both public and private actors in
five key sectors: urban development and design; built



environment; urban infrastructures; transport; and carbon
sequestration.

Municipal policy approaches

The policy approaches adopted by municipal governments to
address the mitigation of climate change in urban areas vary
considerably in terms of the sources of GHG emissions that
are targeted — whether these are from the municipalities’
own activities or from across the urban community — and
whether they are undertaken on a strategic or ad hoc basis
(see Table 5.2). In each case, a variety of mechanisms for
developing and implementing climate change mitigation
measures have been used."”

Municipalities have undertaken ad hoc measures to
reduce GHG emissions from their own operations, often on
a reactive basis — for example, in response to a particular
funding opportunity or the initiative of an individual (see
Table 5.2). Municipal authorities have also been opportune
in developing one-off schemes or projects at the community
scale, often in collaboration with other partners. Such ad hoc
approaches are popular and ‘numerous cities, which have
adopted GHG reduction targets ... prefer to implement ...
measures on a case by case basis’.?’ The wide range and
significant number of such ad hoc responses suggest that
given the right financial and political conditions, municipal
governments have been more than able to respond positively
to the challenges of mitigating climate change.

Strategic approaches, in contrast, have usually been
developed where there has been access to secure funding,
new institutional structures — such as a central unit for
addressing climate change — and strong political support for
action. These can either involve setting out a programme of
goals and measures through which municipalities seek to
reduce their own GHG emissions over the medium to long
term (a managerial approach), or a comprehensive approach,
developed by only a few municipalities, involving target
setting, planning and the development of initiatives at the
community level.?! Such strategic approaches were first
promoted by ICLEI's CCP Milestone programme established
during the mid 1990s (see Box 5.1). A similar approach has
also been adopted by the Climate Alliance in its Climate
Compass initiative (see Box 5.2). Evidence suggests that
some substantial reductions in GHG emissions have been
achieved by these means. For example, in 2006, 546 local
governments in 27 countries were members of the CCP
campaign, accounting for 20 per cent of global GHG
emissions. Estimates suggest that the annual emission reduc-
tion by these cities was 60 million tonnes of CO,eq, which
amounts to a 3 per cent annual reduction among the partici-
pants and 0.6 per cent globally.?? However, while those
municipalities that have focused on their own operations
have made substantial progress against their targets, achie-
ving such goals beyond the confines of the municipality itself
has been both more difficult to monitor and more challeng-
ing to implement.

Despite differences in the approaches that municipali-
ties have adopted to the formation and implementation of
climate policy, research suggests that attention has primarily
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Strategic TSR

Typology of policy
response to climate
mitigation in the urban
arena

Municipality Reactive Managerial

Community Opportune Comprehensive

Box 5.1 Strategic approaches to urban climate change policy:
The CCP Milestone Methodology

Box 5.2 Strategic approaches to urban climate change policy:
The Climate Alliance’s Climate Compass

been focused on initiatives in the energy sector, and in
particular on improving energy efficiency.?? Energy
efficiency is a particularly potent issue as it can ‘advance
diverse (and often divergent) goals in tandem’,>* serving to
translate various interests into those concerning climate
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Various strategies of
land-use planning ...
have been used in
order to limit urban
expansion, reduce
the need to travel
and increase the
energy efficiency of
the urban built form

In developing
countries, there are
few initiatives to
explicitly mitigate
climate change
through urban
design and
development

In developed
countries, private
developers and
community groups
have led new urban
development,
brownfield
regeneration and
neighbourhood
renewal projects
which seek to
address climate
change
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change and effectively forging new partnerships. While
energy efficiency still dominates many municipal responses
to mitigating climate change, the growing diversity of those
cities involved in mitigating climate change together with
the range of private-sector and civil society actors becoming
involved with this policy agenda has led to a growing array of
projects and measures being adopted.

Nonetheless, it is possible to identify five key sectors
in which urban responses to mitigating climate change have
been concentrated: urban form and structure; built environ-
ment; urban infrastructures; transport; and carbon seques-
tration. Reviewing the evidence across these sectors, the
following sections examine the range of activities being
undertaken by municipal authorities and other actors in the
city to reduce GHG emissions and the strengths and
weaknesses of the initiatives that have been undertaken.

Urban development and design

The use of energy within a city, and the associated produc-
tion of GHG emissions, is dependent on both the form of
urban development (i.e. its location and density) and its
design.?® As urbanization continues apace, one of the critical
challenges is managing the process of urban development
and, in particular, the twin challenges of urban sprawl and
the growth of informal urban settlements (see Box 5.3).20
Urban sprawl is an increasing challenge for cities in devel-
oped and developing countries. As the distances between
home, work, education and leisure activities increase, so
often does the reliance on private motorized transport. In
some cities sprawl has meant the development of middle-
class urban fringe districts where dwelling sizes tend to
increase, leading to an increase in per capita GHG emissions.
In other cities, sprawl is fuelled by the growth of informal
settlements. Between 2000 and 2010 the number of slum
dwellers in developing countries increased from 768
millions to 828 million, and estimates suggest that the
number of slum dwellers will increase to 889 million by
2020.%7 Slum populations lack adequate access to reliable

Box 5.3 Urban development challenges for mitigating

climate change: Thailand and Canada

In Chiang Mai (Thailand), research found that urban and commercial development coupled with

growing economic prosperity has led to a surge in personal vehicle usage, related to both work

commuting and leisure. The number of registered passenger cars and motorcycles increased
more than 20-fold between 1970 and 2000, while the population only doubled, with a significant
impact on greenhouse gas (GHG) emissions.*

Few Canadian cities appear to be prioritizing climate change-related action in land-use

planning. While most cities do not acknowledge the emission reduction benefits of growth

management and increased density, Calgary, Vancouver and Toronto are making explicit connec-

tions between land use and emissions.Yet, even in these three cities — which are leading climate

change action in Canada — few specific initiatives address these connections. Research has

attributed this to two main reasons: first, cities depend on provinces to review land-use

planning policies, and this relationship may act in delaying or even discouraging action in this

area; and second, actions required may be extremely divisive, openly challenging the traditional

preference for suburban development in Canada.®

Sources:a Lebel et al, 2007, p101; b Mackie, 2005; Gore et al, 2009,pl |

and affordable energy supplies and shelter, meaning that, in
parallel with the other significant challenges that such settle-
ments pose for sustainability and well-being, many
households are unable to heat or cool their dwellings effec-
tively and experience fuel poverty.

In seeking to address these challenges, various
strategies of land-use planning, including land-use zoning,
master-planning, urban densification, mixed-use development
and urban design standards, have been used in order to limit
urban expansion, reduce the need to travel and increase the
energy efficiency of the urban built form.28 Such approaches
can be deployed at a range of locations within the city and at
different scales (see Table 5.3). Overall, research suggests
that large-scale schemes, including large regeneration
projects, projects to prevent urban expansion and the reuse
of derelict land appear to be a more common response for
mitigating climate change than small regeneration projects.
Most such projects are undertaken in developed countries. In
developing countries, there are few initiatives to explicitly
mitigate climate change through urban design and develop-
ment, and where they do exist, the local governments’
capacity to implement such measures is often limited.

Most often, these projects are led by municipal
authorities through the use of planning regulations and
planning guidance. This is the case, for example, of the
principles of ‘compact city planning’®’ incorporated within
the municipal ordinances of cities such as Sao Paulo (Brazil)
and Cape Town (South Africa),30 although, in practice, it is
not clear that such principles can actually be implemented in
an effective way. These principles advocate a combination of
planning measures to combine high-density development
and mixed land-use principles to prevent urban sprawl and
reduce the dependence on motorized transport, while focus-
ing on the integration of green areas in the city. Although
this principle may appear to be linked with more sustainable
urban form models, research in developed country cities3!
suggests that the effectiveness of the compact city model in
reducing GHG emissions depends on the lifestyle and space
demands of the city inhabitants.

Alongside initiatives undertaken by municipal authori-
ties, particularly in developed countries, private developers
and community groups have led new urban development,
brownfield regeneration and neighbourhood renewal
projects which seek to address climate change specifically,
such as the Onion Flats in Philadelphia (US), the Green
Building in Manchester (UK], the A101 neighbourhood in
Moscow (Russia) and the project T-Zed in Bangalore
(India).3% The combination of sustainability and climate
mitigation objectives with business interests has led to the
development of large-scale flagship urban developments that
may bring together local and international partners to
advance economic interests alongside environmental ones.
One famous example from China was the proposed eco-city
Dongtan, in Shanghai’s ‘last piece of pristine land’ in Chong-
ming Island. The developer, Shanghai Industrial Investment
Corporation, contracted Arup, the international professional
services firm in 2005 to design a master plan for Dongtan as
an ‘experiment’ to showcase a national model for sustainabil-
ity, energy efficiency and environmental awareness.>* Some



commentators, however, cast doubt on whether the Dongtan
plans will ever be realized.** Whether the reason is the lack
of leadership, the conflicts of interest between local devel-
opers and international partners®® or the permissive policies
of local authorities,>” many have criticized the project as not
offering real solutions to address climate change.
Furthermore, even where individual developments
may be successful, the logic of developing greenfield urban
fringe sites as a means of addressing climate change mitiga-
tion can be questioned, both in terms of their overall carbon
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Type of scheme Description

Urban expansion, informal
settlements or suburban
development:

Application of land-use planning and design policies to limit energy
use in the expanding areas of existing cities.

New urban development: Application of land-use planning and design policies to limit energy

use in new urban areas.

Reuse of brownfield land: Urban development on old industrial or other derelict areas of the
city to encourage densification, mixed-use development and reduce

energy use in the city.

Neighbourhood and small-scale
urban renewal:

Schemes which seek to renew existing housing stock and redevelop
urban layout and design at a neighbourhood or street scale in order

to reduce energy use in the city.

footprint and, because of their exclusive nature, their poten-
tial for exacerbating social inequalities. Despite these
criticisms, the trend for developing new ‘eco-cities’ shows
little sign of abating in developed and developing countries
alike. For example, the Clinton Climate Initiative has

Table 5.3

Climate change

cutting-edge projects may be able to provide best practice
examples to challenge current socio-technical barriers, but

. o . suggests that the focus needs to change towards the devel- ~ Mitigation through
recently launched the Climate Positive programme, focusing . urban development
: . . . opment of projects that can address global demands for )
on large-scale developments in 17 cities on six continents . N . and design
. . 30 . climate change mitigation and local demands for quality of
which are aiming to become carbon neutral.>” A contrasting life
trend is the proliferation of initiatives, primarily in developed '
countries for the regeneration of brownfield land and neigh-
bourhood renewal, which combine social and environmental ~ Built environment
justice objectives (see Box 5.4). . . . . .
] X (. : ) " . The design and use of the built environment is a critical
While municipal authorities can be crucial to the . e . o
. R arena for climate change mitigation because ‘the building  The design and
development of these projects, grassroots civil society organ- ) ) &
sector consumes roughly one-third of the final energy used e of the built

izations are also important. In the US, the Tent City project
in Boston, the Plaza Apartments in San Francisco and the
Intervale Green and Louis Nine House in New York*? are all
associated with civil society actors, sometimes led by NGOs,
and have sought to promote carbon-saving technologies as
suitable cheap alternatives for providing energy to low-
income residents.

The confluence of a variety of interests and material
circumstances in initiatives to mitigate climate change
through urban design and development makes them complex
and difficult to manage. The development and implementa-
tion of ‘low-carbon’ planning principles by municipal govern-
ments may encounter political opposition, lack enforce-
ability, and have limited impacts upon the behaviour of
individuals who live and work in the city. Furthermore, such
principles may be socially divisive, reinforcing patterns of
inequality in the city by creating enclaves of ‘sustainable’
living while failing to address the basic needs of the majority
of urban citizens. Moreover, gender concerns have not
been fully integrated within climate change policies and
planning.*!

In terms of low-carbon urban development projects,
the circumstances that lead to their inception may change
rapidly, thus challenging their feasibility, as was the case in
the Dongtan project in Shanghai (China). One means of
ensuring the long-term feasibility of such schemes is to take
other issues of social and environmental justice into consid-
eration, either through public consultation or through the
participation of a range of stakeholders in the design and
management of the project. Current examples suggest that
small-scale developments which aim to simultaneously
address environmental and social issues (e.g. homelessness,
poverty, etc.) are more likely to find support from civil
society groups, who in turn can facilitate their implementa-
tion. This, however, does not dismiss the idea that visionary

in most countries, and it absorbs an even more significant
share of electricity’.? The built environment includes public
(e.g. government offices, hospitals, schools) domestic (hous-
ing) and commercial/industrial (e.g. offices, factories) build-
ings, with the latter increasingly recognized as important in
driving peak demand and significant sources of GHG emis-
sions in cities in developing countries.*® The use of energy
within the built environment is the result of complex inter-
actions among building materials, design, the systems used

environment is a
critical arena for
climate change
mitigation

Box 5.4 Sustainable living and brownfield development, Stockholm, Sweden
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Type of scheme Description

Energy-efficient materials: ~ The use of energy-efficient materials in the construction of the built
environment.

Energy-efficient design: The use of energy- and water-efficient design principles, such as ‘passive’
heating and cooling.

The use of renewable and low-carbon energy technologies to provide
energy to individual buildings.

The use of off-grid water supply and processing techniques which reduce
alternative water supply: energy use in the production and heating of clean water.

New-build energy and The use of energy- and water-efficient devices in the construction and
water-efficient technologies: ~ development of new buildings.

Retrofitting energy- and The use of energy- and water-efficient devices in the renovation of
water-efficient technologies:  existing buildings.

Energy- and water-efficient

Building-integrated
alternative energy supply:
Building-integrated

The use of efficient appliances within the built environment.

appliances:
Demand-reduction Measures aimed at reducing the demand for energy and water within
measures: the built environment.

Table 5.4

Climate change
mitigation in the
built environment

to provide buildings with energy and water, and the ways in
which buildings are used on a daily basis.** Gender differ-
ences may play an important role in how energy within the
household is used.*®

Policy approaches for reducing GHG emissions from
the built environment have primarily focused on issues of
energy efficiency, with approaches grouped into ‘three

Policy approaches categories: economic incentives (e.g. taxes, energy pricing);
for reducing GHG regulatory requirements (e.g. codes or standards); or infor-
emissions from the mational programmes (e.g. energy awareness campaigns,

energy audits)’.*® More recently, there has been a growth in
voluntary rating systems (e.g. Energy Star in the US and the
Carbon Trust Standard in the UK) and in the involvement of
private actors (e.g. the C40 and Clinton Climate Initiative) in
schemes to reduce energy use, which has led to an increase
in expectations concerning energy efficiency in the

built environment
have primarily
focused on issues of
energy efficiency

Box 5.5 Retrofitting domestic, public and commercial

buildings in the UK and the US

* London (UK): the Carbon 60 project followed the commitment of the Sandford Housing
Co-operative to reduce greenhouse gas (GHG) emissions by 60 per cent. The combined
financial support from private energy companies, the UK government and the rent
increases within the co-operative made possible the retrofitting of 14 houses with wood
pellet boilers and solar water heating.*

* Birmingham (UK): the Summerfield eco-housing project in Birmingham (supported by
Birmingham City Council and Urban Living and the Family Housing Association) developed
a demonstration project in a Victorian house featuring solar photovoltaic panels; grey
water recycling and air source heat pumps; sunpipes; high-performance insulation made
from recycled paper, denim and sheep’s wool; and kitchens made from recycled materials.”

* Manchester (UK): the Cooperative Insurance Services ‘Tower’ was built in 1962 and is the
tallest office building in the UK outside of London. In 2004, the Cooperative Financial
Services started a UK£5.5 million project to retrofit photovoltaic technology, funded by
the Northwest Regional Development Agency.©

*  Philadelphia (US): the Friends Center Building Project, initiated in 2006, involves the retro-
fitting of an 1856 building with sustainable technologies. The project integrates recycled
materials, recycled construction waste, white roof, and windows with spectrally selective
glass, alongside sustainable and renewable technologies (e.g. geothermal exchange; solar
array; wind power; storm water capture and reuse) and green building design with natural
light.9

Sources: a Sanford Housing Co-operative, undated; b Office of the Deputy Prime Minister, 2003; ¢ Energy Planning

Knowledge Base, undated; d www.friendscentercorp.org, last accessed 18 October 2010

(commercial) built environment. This combination of finan-
cial, regulatory, education-based and voluntary mecha-
nisms*” has led to an explosion in the range of schemes
deployed to address energy use in the built environment,
which has also been assisted by the development of micro-
generation technologies and new building materials (see
Table 5.4).

Despite the potential range of initiatives that could be
undertaken, measures in the built environment sector tend
to focus on energy-efficient technologies, alternative energy
supply technologies and demand-reduction practices.
Existing evidence suggests that initiatives in the built
environment sector have primarily been located in cities in
developed countries.*® In particular, efforts have been
concentrated on retrofitting existing buildings, those which
are municipally owned and in the residential sector, with
energy-efficient technologies — for example, in the European
cities of Vienna (Austria), Stockholm (Sweden), London
(UK), Munich (Germany) and Rotterdam (The Netherlands)
(see also Box 5.5). National governments in developed coun-
tries have also intervened in implementing retrofitting prog-
rammes at the local level. For example, the US Department
of Energy has led the Weatherization Assistance Program,
which since 1999 has sought to increase the energy
efficiency of low-income households while ensuring their
safety in New York and other US cities.*?

Research also suggests that in developed countries,
many successful projects are led by grassroots organizations
and housing co-operatives, such as the case in Tel Aviv
(Israel), where a group of house buyers announced in 2009
the launch of the first Tel Aviv ecological housing project.>
This suggests that innovative forms of social organization are
emerging to coordinate and lead initiatives to address
climate change in the built environment, with significant
potential for addressing issues of social and environmental
justice. Private developers may also have a strong role in
promoting and implementing sustainable technologies.
However, dealing with existing building stock poses
problems in terms of conservation of heritage and dealing
with demolition materials: in the UK in order to achieve the
existing targets for GHGs emission reductions, higher rates
of demolition are advocated if sustainable technologies alone
cannot meet the heating needs of insufficiently insulated
housing.”!

Despite the focus on measures to address climate
change in the built environment, few cities in developed
countries have sought to develop energy-efficient building
materials or to address issues of the sustainable supply and
use of water. However, when the intention is to establish
best practice examples or to showcase new technologies,
projects often include a range of different measures, includ-
ing novel materials as well as low-carbon energy and water
systems and passive designs. The ability of these measures to
make significant gains in emissions reductions will depend
on the current building standards, which vary greatly from
city to city. Universities, architectural practices and engin-
eering firms have been important sources of innovation,
leading pilot projects designed to showcase a range of
technologies.*? The use of energy-efficient materials is not



only possible in individual household projects, but can also
be promoted as a strategy for commercial projects or, more
widely, to encourage social and environmental sustainability
(see Box 5.6).

In cities in developing countries there has been less
emphasis on retrofitting residential buildings or on reducing
demand for energy and water use. However, initiatives have
been established to install energy-efficient appliances in
municipal buildings in several cities, including Mexico City
and Cape Town (South Africa),> and to reduce energy use in
commercial buildings, especially in cities in Asia.>* In
addition, the use of energy-efficient materials has been an
important means through which municipal governments and
other actors have sought to address GHG emissions reduc-
tions and the provision of low-cost housing to low-income
groups. South American cities such as Buenos Aires
(Argentina) and Rio de Janeiro (Brazil) have piloted the use of
energy-efficient and low-cost materials to deliver sustainable
houses in low-income areas. In June 2009, the Argentinian
Ministry of Infrastructure signed a contract with the
Housing Institute, the National University of La Plata and the
National Institute of Industrial Technology to start a pilot
project to deliver social housing ‘bioclimatic houses’ in
Buenos Aires.>

In addition to measures to improve energy efficiency
and reduce demand, cities are also experimenting with alter-
native forms of renewable and low-carbon energy supply. In
the built environment, initiatives have primarily focused on
the use of solar water heaters, relatively simple devices used
to heat water using sunlight, rather than other auton-
omous energy supply devices, such as photovoltaic cells,
wind power or biomass technologies. Some cities — such as
Barcelona (Spain), Sao Paulo (Brazil) and Buenos Aires
(Argentina) — enforce the adoption of solar water heaters in
municipal ordinances. In China, given its leading position in
the manufacture of domestic solar water heaters, there is
potential for this technology to be widely adopted. The main
barrier for the adoption of solar water heaters is their large
initial installation cost; but given that solar water heaters
have a longer lifetime, the overall costs of solar water heaters
may be considerably lower.>” A study of a project to install
200,000 solar water heaters in the quickly urbanizing and
industrializing district of Yinzhou (China) concluded that
such a project could have significant benefits (see Table 5.5).
In addition to their climate change benefits, the decentral-
ization of energy provision is often seen as a way of
addressing the energy needs of those actors who do not have
access to a reliable supply of energy. From a gender perspec-
tive, low-carbon options for cooking, such as biogas digesters
and solar cookers, may facilitate women’s access to energy as
long as they are adapted to the local context and compatible
with women’s daily routines and workloads.*®

Within the built environment, the potential for
mitigation gains from reducing the demand for energy is also
significant. Municipal governments, private-sector compa-
nies and civil society groups have undertaken a wide range of
initiatives aimed at changing the ways in which their own
employees and urban citizens use energy. To date, these
efforts have not taken issues of gender into account.® This
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Box 5.6 Sustainable and affordable houses for the poor in
Bishnek, Kyrgyzstan

A project developed by the Habitat Kyrgyzstan Foundation has provided more than 48 afford-
able environmentally sustainable homes for low-income families using a traditional cane reed
and clay construction technology. Heating is provided by an innovative coiled-circuit under-floor
heating system. The houses meet local building regulations, but allow families to save up to 40
per cent of the construction costs compared with conventional brick housing. The use of volun-
teer labour further reduces the cost of the houses, and low-cost housing loans help to ensure
affordability.

The use of traditional building methods and locally available materials relies on the
revival of a traditional cost-effective building technology commonly used during the 19th
century, but replaced during the 20th century by brick building. The Habitat Kyrgyzstan
Foundation has adapted the traditional cane reed construction method to include a timber
frame with cane reed and clay wall sections, improving insulation without compromising
comfort.

Source: www.worldhabitatawards.org, last accessed 18 October 2010

could be a critical omission as women are often thought
to have a greater share of decision-making within the
household. For example, in Organisation for Economic Co-
operation and Development (OECD) countries, women make
over 80 per cent of consumer decisions in the household®
and thus may determine the sustainable consumption
decisions within the home. In general, women appear to be
more prepared for behavioural changes than men, as men
tend to rely most on technological solutions. For example,
women tend to place more emphasis on eco-labelled food,
recycling and energy efficiency than men.%! This suggests
that women-oriented sustainable consumption policies could
work as a tool that municipalities and other urban actors
could use to reduce GHG emissions from households.
Among the approaches to mitigate GHG emissions in
the built environment applied over the last two decades, the
emphasis has been on energy efficiency measures — both in
terms of technologies and initiatives to reduce demand —
with far fewer projects to reduce GHG emissions through
alternative forms of energy supply and limited evidence of
other initiatives targeting resource use. Initial climate

Climate benefits: Abatement of 88,900 tonnes of CO,eq per annum, 1.3 million tonnes
over |5 years.

Reduction of sulphur dioxide, nitrogen oxides, other air pollutants
and wastes.

Economic and social effects:  Potential health improvement. Low-cost water heating supply.

Subsidy:? US$1.28 million.

Estimated gross financial costs:® 400 million RMB (US$48 million).

Administrative, institutional ~ Transaction costs likely to reach US$2 per heater to meet the need for
and political considerations:  advertisements and a good distribution system (US$0.4 million).

The cost of certified emission ~ Approximately US$1.3 per tonne CO,eq.
reductions:

Cities are also
experimenting with
alternative forms of
renewable and low-
carbon energy

supply

=

Costs and benefits of a
project to install
200,000 solar water
heaters in the
residential sector in
Yinzhou, China

Other environment effects:

Notes:a Subsidy is calculated as the amount necessary to cover the cost differential between the solar water heater and
the electric water heater for the first five years, including the electricity cost reduction.

b Gross financial costs here refer to the total cost of initial purchase and installation. The price of residential electricity
adopted here is 0.65 RMB (US$0.08) per kilowatt hour (kWh).

Source: adapted from Zhao and Michaelowa, 2006
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Municipal
authorities ... have
undertaken a range
of schemes in order
to reduce GHG
emissions through
the refurbishment
and development of
urban infrastructure
systems

In some cities in
developing
countries, the Clean
Development
Mechanism (CDM)
has been an impor-
tant driver of
infrastructure
projects

Climate change
mitigation and urban
infrastructures
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change action within the built environment has focused on
easy gains from energy and water efficiency, and the adapta-
tion of existing technologies.®” The combination of
regulation, civil society action and the inclusion of sustain-
able building principles could have a big impact upon
incorporating climate change mitigation technologies and
principles within new buildings. Yet, there are obstacles to
retrofitting existing buildings, such as inadequate returns on
investment, difficulties in dealing with existing stock, lack of
financial incentives and regulatory constraints, dependency
upon occupancy cycles, and general lack of information
about available technological solutions. The combination of
social and environmental benefits that energy efficiency can
generate is particularly relevant in developing countries,
where environmental measures may tackle other social
problems such as ‘fuel poverty’. However, there is a case to
look beyond these measures as their impact may be reduced
by the ‘rebound effect’ — that is, the tendency to use
efficiency gain to increase consumption.® In this context,
energy efficiency measures need to be coupled with those to
develop low-carbon renewable energy sources and the reduc-
tion of energy demand.

Urban infrastructure

Urban infrastructure — in particular, energy (electricity and
gas) networks, and water and sanitation systems — is critical
in shaping the current and future trajectories of GHG
emissions. The type of energy supply, the carbon intensity of
providing water, sanitation and waste services, and the
release of methane from landfill sites are important, though
often hidden, components of GHG emissions at the local
level. Infrastructure systems frequently lie outside the direct
control of municipal governments, are intertwined with
power struggles over the rights of those living in informal
settlements,% and require significant resources and long-
term planning. The significant upfront costs of renewing or
replacing existing infrastructures, or of providing such
systems to the expanding areas of cities, means that invest-
ment in infrastructure is often delayed in favour of more
pressing immediate concerns. Furthermore, although urban
infrastructure systems are often regarded as gender neutral,
men and women are affected differently by water, waste and
energy policies as their work and community roles differ. For
example, while women are often responsible for ensuring
energy supply at the household level, they may be excluded
from technical work on the energy systems, often regarded

Type of scheme Description

Alternative energy supply:

Development of renewable energy or low-carbon energy supply systems at
the city scale.

Landfill gas capture:

Use of gas produced by landfill sites for energy provision.

Alternative water supply:

Use of alternative forms of water supply, storage and processing to reduce
energy use at city scale.

Collection of waste for
recycling or reuse:

Development of alternative collection systems and ways of using waste to
reduce methane produced at landfill sites.

Energy and water

efficiency/conservation:

Enhancing the efficiency of existing infrastructure systems or development
of new efficient systems.

Demand reduction:

Schemes to reduce demand for energy and water use, and for the collection
of waste.

as a male domain.% Equally, women’s safety and security
may be more dependent on adequate infrastructure systems,
such as the provision of adequate lighting and sanitation
facilities.% Urban infrastructure systems therefore pose
unique and complex challenges for mitigating climate
change.

At the same time, the very nature of urban infrastruc-
ture systems is changing significantly. In developed countries,
research has documented the demise of the nationally
integrated, ‘modern’ homogeneous utility networks in the
face of processes of market liberalization, privatization, neo-
liberal political ideologies, shifts in urban planning, new
technologies and new practices of consumption, leading to
the ‘splintering’ of urban infrastructure systems.®’ Similar
processes, although often less apparent, are taking place in
cities in developing countries. Thus, across a diverse range of
cities, a sense of social, political and technical dynamism and
instability now characterizes the provision of basic services
and infrastructure development. Within this context,
mitigating climate change is becoming an important issue,
but one that competes for attention with other pressures for
energy security and affordability, and the provision of basic
services. Nonetheless, municipal authorities — together with
other government, private and civil society actors — have
undertaken a range of schemes in order to reduce GHG
emissions through the refurbishment and development of
urban infrastructure systems (see Table 5.6).

Of the three infrastructure areas considered in this
section, research suggests that initiatives to explicitly
address climate change have been concentrated in the
energy and energy-from-waste domains and on the provision
of new forms of energy supply, with fewer initiatives to
address the carbon intensity of the provision of water, sanita-
tion and waste services or to reduce demand. In some cities
in developing countries, the Clean Development Mechanism
(CDM)% has been an important driver of infrastructure
projects, particularly landfill gas capture (see discussion
below). Issues of energy security have also been important
drivers for the development of low-carbon energy supply
systems in developing countries and initiatives for demand
reduction in some Latin American and African cities. In
India, cities such as Chennai have been successful in
promoting rainwater harvesting as a form of water conserva-
tion. In Latin America, concerns for water security are also
leading to the development of initiatives with benefits for
mitigating climate change. While urban infrastructure initia-
tives are often led by municipal governments or urban utility
authorities, regional and national governments, international
agencies and private companies are frequently involved
because of the multilevel nature of such systems.

In terms of energy systems, three different
approaches for developing low-carbon forms of urban energy
supply can be identified. First, many municipalities have
sought to reduce the carbon footprint of existing supply
networks. An increasingly common initiative, found in cities
such as Melbourne (Australia), Beijing (China) and Jogjakarta
(Indonesia), has been to retrofit street-lighting systems with
energy-efficient bulbs. Cities, particularly in Europe, have
also sought to develop existing district heating and combined



heat and power (CHP) plants. In Germany, Berlin is home to
Western Europe’s largest urban heat network, with over
1500 kilometres of pipes and over 280 district-level CHP
plants stretching across the city, delivering low-carbon
energy to a wide variety of consumers.%

A second approach has been for municipalities to
purchase renewable energy, either for their own buildings
and operations, or as a means of offering consumers access
to green energy at a reduced cost. This approach is often
facilitated by purchase agreements between the municipality
and a private supplier of low-carbon or renewable energy,
such as in the case between Cape Town and the Darling
Wind Farm in South Africa, or the commitment of the City of
Sydney (Australia) to achieve the supply of 100 per cent of
the city’s energy from renewable sources by using a system
to accredit private energy companies.”

A third approach has been to develop new low-carbon
and renewable energy systems within cities. In these initia-
tives, climate change mitigation is often expressed as a
secondary objective in relation to ensuring energy security.
This is the case in the growing interest of Latin American
cities such as Quito (Ecuador), Bogota (Colombia) and Rio de
Janeiro (Brazil) in sources of energy that may reduce their
dependence on oil by promoting the use of natural gas in
households. In Cape Town (South Africa), the company
Eskom, backed by the national government, has proposed
the construction of a nuclear plant to meet the twin objec-
tives of guaranteeing the energy safety of the region and
reducing the city’s carbon emissions; but the project has
found considerable local opposition from both the City of
Cape Town and diverse stakeholder groups, mirroring global
debates about the role of nuclear power in climate change
mitigation.”" In China, the Beijing municipal government has
accelerated the development of clean energy sources, includ-
ing geothermal resources, biomass and wind power. In
addition to the 118 plants already in operation by the end of
1998, 174 new geothermal wells were constructed between
1999 and 2006. Beijing now consumes about 8.8 million
cubic metres of geothermal water each year, reducing CO,
emissions by 850,000 tonnes during the period of 2001 to
2006.72 Beijing is also increasingly looking at wind power
and biomass generation, and the city had planned to increase
the energy share of these renewable energy sources to 4 per
cent by 2010. The Guanting wind farm, located on the
southern bank of the Guanting Reservoir, is Beijing’s first
wind power generation station, with 33 wind turbines
capable of generating 49.5MW of electricity per year.”® It
was completed in January 2008 as a CDM project.

While investment of the scale and ambition displayed
by Beijing is difficult to imagine for the vast majority of
municipal authorities, national and international drivers,
together with partnerships with private-sector companies,
are leading to a growing emphasis on renewable and low-
carbon energy systems. For example, the US Department of
Energy has established a partnership with 25 cities to
deliver Solar American Cities. The cities selected will
receive a combined US$5 million of funding from the
department plus hands-on technical assistance over two
years. In Boston, for example, the goal is to achieve 25MW
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Box 5.7 Feminist action to gain recognition for women

waste pickers in Mumbai, India

The Parisar Vikas (eco-development) programme was launched in 1998 by the Stree Mukti
Sanghatana (Women’s Liberation Organization), established in [975, with the cooperation of
the Municipal Corporation of Greater Mumbai. The programme aims to address the problems
of waste management and of self-employed women engaged in the ‘menial’ tasks of collecting
waste.

The action twins the objectives of improving the social status and economic situation of
women waste pickers in Mumbai and recognizing their potential role in achieving the goal of a
‘zero waste’ Mumbai. In parallel with activities to achieve the active liberation of women waste
pickers (such as the organization of training programmes, the arrangement of day-care centres,
facilitating their access to health and educational programmes for their children, counselling
centres and the development of cultural events which display the reality of these women), Stree
Mukti Sanghatana is now collaborating with staff at the Baba Nuclear Research Centre to train
women in composting, maintenance of biogas plants and fine sorting, and to involve women
waste pickers in the operation of a pilot methane gas generation facility.

Source: Mhapsekar, 2010; see also www.streemuktisanghatana.org, last accessed 18 October 2010

cumulative installed solar capacity by 2015.74 Although the
costs of solar energy in the US are high, in Boston its
adoption may be facilitated by the high local energy prices,
and the municipality is due to remove some market barriers
such as in urban planning charters, zoning regulations,
building codes, permitting and inspections, coupled with
city-level solar incentives such as solar rebates, financial
assistance or tax credits. At the international level, the
CDM has the potential to be an important driver for energy-
from-waste projects in developing countries, including
Aterro Bandeirantes and Aterro San Joao in Séo Paulo The CDM has the
(Brazil); the Zambiza landfill methane plant in Quito ~ Potential to bean
(Ecuador); the Bordo Poniente landfill biogas capture plant important driver for
in Mexico City; and — in South Africa — the Bellville South ~ energy-from-waste
landfill site in Cape Town and the gas-to-energy project in projects in
Johannesburg. While such schemes are frequently regarded developing countries
as ‘technical’ fixes, there is evidence that they can be used
to address broader social issues and may offer significant
opportunities for the empowerment of women who work
on the lower end of the waste chain (see Box 5.7).
Schemes to generate energy from waste have also
proven popular in developed countries where private-sector
companies have frequently provided the finances for munici-
pal schemes. In Dallas (US), an interstate ‘green’ gas sale
agreement will allow Dallas Clean Energy LLC to sell bio- ~ Schemes to generate
methane captured at McCommas Bluff Landfill to Shell energy from waste
Energy North America.”® The initiative Human Waste to ~have also proven
Power the City, announced in June 2009 in Manchester popular in
(UK), is a UK£4.3 million two-year demonstration scheme, developed countries
initiated by National Grid and United Utilities,”® to convert
human waste into bio-methane to power 500 homes.””
However, despite these initiatives and the increasing interest
in waste to energy, research suggests that, beyond small-
scale demonstration projects,’® the development of
low-carbon energy systems remains a low priority in cities.”
Outside of the energy sector, and beyond the growing
interest in generating energy from waste, there is relatively
little evidence that municipalities are linking policies for
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Box 5.8 Raising public awareness for waste reduction in Yokohama, Japan

Yokohama's success in waste reduction is attributed to the city’s public awareness campaigns
and the active participation of stakeholders in the city’s ‘3R’ activities (i.e. reduce, reuse and

recycle). In 2003, Yokohama launched its G30 Action Plan to reduce waste by 30 per cent by the

financial year 2010, using waste quantities from the financial year 2001 as baselines. Apart from

attributing responsibilities for waste reduction to all stakeholders, the plan also includes

environmental education and promotional activities, such as 1,000 seminars for

neighbourhood community associations to explain waste reduction methods, 470 campaigns at

railway stations and 2200 awareness campaigns at local waste disposal points.

The waste reduction target of 30 per cent was achieved in 2005, and by 2007 waste had

fallen by 38.7 per cent relative to 2001 figures. The reduction in waste from 2001 to 2007 is

equivalent to 840,000 tonnes of CO, emissions. The scheme also had economic benefits,

including US$23.5 million from selling recyclables and US$24.6 million from electricity gener-

ated from waste incineration.

Source: Suzuki et al, 2009

Energy efficiency
schemes ... may fail
to deliver long-term
GHG emissions
savings as initial
reductions in energy
use may be limited
by the ‘rebound
effect’

In developing
countries ...
although transport’s
share of GHG
emissions is low, it
is growing much
faster than other
sectors

recycling and reducing waste directly to climate change.
However, in Nigeria, the Lagos State Waste Management
Authority argues that although African cities have compara-
bly less GHG emissions than cities in the developed world, a
great portion of these emissions can be attributed to waste
management issues. Thus, they expect that their ongoing
strategies to improve waste transport planning and the
management of landfills, as well as their campaign to reduce
the private burning of refuse, will have positive impacts
upon the reduction of Lagos GHG emissions.?? Besides
better management, education and awareness initiatives
have been demonstrated to be effective in reducing the
contribution of landfill sites to GHG emissions, as in the
example of Yokohama (Japan) (see Box 5.8). However, such
initiatives to reduce the amount of waste sent to landfill may
paradoxically weaken the viability of current and future
energy-from-waste plants, which rely on a secure stream of
waste as a fuel. The potential conflicts between ‘technical’
and ‘behavioural’ approaches to reducing GHG emissions
from landfill highlight the dilemmas facing urban mitigation
efforts where the impacts of policies and measures are
uncertain and the benefits and costs of action are divided
across a number of different stakeholders and communities.

Initiatives which specifically aim to reduce the carbon
intensity of water and sanitation systems at the urban level
are also rare. One example is in Mexico City, where the
upgrade of network infrastructure will include the upgrade
of 2300km of damaged networks and the establishment of
336 separate hydrometric sectors to facilitate the detection
and repair of leaks. These actions will require the investment
of 2970 million pesos (US$240 million) and may save up to
45,500 tonnes of CO,eq/year.! In addition, there is an
innovative proposal to generate energy from the flows of
water in the network, similar to that under consideration in
Durban (South Africa).8 It is estimated that this measure
alone could reduce the city’s emissions by 40,700 tonnes
CO,eqfyear. While the viability of such innovative
measures will depend on the particular characteristics of
water supply systems, the potential GHG emissions savings
that could be achieved through these sorts of maintenance,

modernization and efficiency measures that are already
taking place in many cities may be substantial.

In summary, initiatives in the urban infrastructure
domain have focused on energy efficiency schemes, prima-
rily driven by concerns for energy security and financial
savings. While such projects are politically and economically
attractive, they may fail to deliver long-term GHG emissions
savings as initial reductions in energy use may be limited by
the ‘rebound effect’ as demand for energy continues to
grow. However, with limited evidence of mitigation initia-
tives in terms of the development of renewable energy
systems — or in the water, sanitation and waste sectors —a
key finding from this analysis is that there may be significant
hidden potential to mitigate climate change at the urban
level through infrastructure networks.

Nevertheless, there remain substantial barriers to the
realization of these mitigation gains, not least in terms of the
economics and politics of renovating existing infrastructure
systems, building new networks, and meeting the basic
needs of urhan communities, particularly those in informal
settlements. Few of these projects address social inclusion
issues explicitly, or appear to specifically target low-income
groups, disadvantaged areas or slums. In some cases, social
inclusion concerns have been at least acknowledged — in
anticipation of potential social conflicts generated by these
measures — as is the case of the landfill gas to energy project
in Johannesburg (South Africa), which will include a public
consultation before its completion. In general, however,
urban infrastructure projects rely on the assumption that any
improvements on current infrastructures will be beneficial
for all the inhabitants of the city, an assumption that requires
critical scrutiny as climate change tends to deepen the exist-
ing inequalities amongst urban populations in terms of
access to basic services.

Transport

The transport sector is a significant contributor to GHG
emissions, representing 23 per cent (worldwide) and 30 per
cent (OECD) of CO, emissions from fossil fuel combustion
in 2005.% In developing countries, especially China, India
and other Asian countries, although transport’s share of
GHG emissions is low, it is growing much faster than other
sectors.8> One of the key reasons for this rising trajectory is
the challenge of urban sprawl, discussed above; but the
growth in GHG emissions from the transport sector also
represents the widespread modal shift that is taking place in
cities in developing countries as household incomes and the
affordability of motorized individual transport increases and
aspirations for such forms of mobility, at both an individual
and municipal level, increase. Moreover, urban sprawl may
increase the demand for travel in ways that may not be easily
met by public transport.® For example, ‘the transport sector
... [is] the “carbon time bomb” " in Yogyakarta (Indonesia), as
‘the fastest growing fossil fuel consuming sector in the
city’®” in part because ‘non-motorized transport modes such
as the “becaks” (peddycabs) have been banned’ due to their
perception as being insufficiently ‘modern’ for municipal
aspirations for the city.®



However, the growth of private transport is not
gender neutral. A Swedish survey from 2007 showed that 75
per cent of all cars were owned by men; moreover, women’s
cars are generally smaller (thus, generally emit less) than
those owned by men.®’ In the UK, 27 per cent more men
than women hold driving licences, and women are 38 per
cent more likely not to have access to a cat, as well as twice
as likely to be a non-driver in a household with a car.” In the
US, men constitute two-thirds of long-distance commuters,
while women tend to become dependent on and favourably
inclined to using public transport.”! Perhaps because of their
lesser dependence on private transport® it has been
suggested that women may be more willing than men to
accept policies and measures that restrict cars.”

At the same time, as the proportion of journeys made
in cities by cars and other forms of personalized motorized
transport increase, so do the challenges of congestion and air
pollution. The synergy between mitigating climate change
and these twin issues that are both highly visible in the city
and which have popular support has meant that the transport
sector is one in which a range of schemes have been devel-
oped to reduce GHG emissions (see Table 5.7).

Evidence suggests that there is a contrast between
areas where the transport sector features quite prominently
in climate change plans and initiatives (such as in Europe and

Box 5.9 Congestion charges: Past, present and future
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Type of scheme Description

New low-carbon transport

infrastructure: low-carbon modes of transportation.

The development of new transport infrastructure to encourage

Low-carbon infrastructure

renewal: emissions.

The renewal or upgrading of transport infrastructure to reduce GHG

Fleet replacement:

Replacement of vehicle fleet with energy-efficient or low-carbon vehicles.

Fuel switching:
carbon or renewable fuels.

Switch from the use of fossil fuels for powering fleet to alternative low-

Enhancing energy efficiency:
their use.

Measures to enhance the energy efficiency of existing vehicles and

Demand-reduction measures:
transport.

Measures aimed at reducing the demand for individual motorized

Demand-enhancement

measures: (e.g. public transport, walking and cycling).

Measures aimed at enhancing the demand for alternative forms of travel

Latin America), and areas where the transport sector has
received considerably less attention than other sectors, such
as energy infrastructure and the built environment (i.e.
North America, Australia and New Zealand).** Cities in
developing countries show a growing interest in the develop-
ment of new public transport infrastructure and technical
innovation, such as programmes for the introduction of new
technologies, fleet replacement with energy-efficient
vehicles and fuel switching. Because of the significant invest-
ments in infrastructure and technology involved, initiatives
to reduce GHG emissions in the transport sector frequently

Table 5.7

Climate change
mitigation and
transportation

The growth of
private transport is
not gender neutral
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Table 5.8

Bus rapid transit (BRT)
systems planned or in
operation in different
regions

Initiatives to reduce
GHG emissions in
the transport sector
frequently depend
on partnerships with
private-sector
organizations

The mitigation of
climate change is
one driver behind
the development of
new mass
transportation
infrastructure

Cities and Climate Change

Region Number of Examples
cities Name City Status
Developed countries
Europe 21 Ipswich Rapid Ipswich, UK In operation since 2004
North America 52 Rapid Ride Albuquerque, US In operation since 2004
Super Loop San Diego, US In operation since 2009
Other 6 O-Bahn Busway Adelaide, Australia In operation since 1986
Northern Busway Auckland, New Zealand In operation since 2008
Developing countries
Africa 8 Lagos BRT Lagos, Nigeria In operation since 2008
Rea Vaya Johannesburg, South Africa In operation since 2010
Asia and the Pacific 59 Transjakarta Jakarta, Indonesia In operation since 2004
Transit Metrobus Istanbul, Turkey In operation since 1994
Latin America and the Caribbean 30 Trolmerida Mérida, Venezuela In operation since 2007
Rede Integrada de Transporte Curitiba, Brazil In operation since 1980

depend on partnerships with private-sector organizations as
well as the involvement of national and regional govern-
ments. Interventions by grassroots organizations or
individuals in the transport sector are normally limited to
projects for the promotion of non-motorized transport and
demand management initiatives, such as car-sharing
schemes.

A recent survey of climate change plans in 30 cities
worldwide found that the most common climate change
mitigation actions in transport were the development of
public transport, the implementation of cleaner technolo-
gies, the promotion of non-motorized transport, public
awareness campaigns and the implementation of cleaner
technologies.”

Regulatory measures to manage demand — such as
physical restraint (e.g. those implemented in Mexico City
and Sao Paulo, Brazil), parking restraints, establishment of
low emissions zones (implemented in Beijing, China, and
several European cities) and speed restrictions — appear to
be less common, with few examples of economic incentives
being used. The examples discussed here also suggest that
municipalities have a key role in the provision of infrastruc-
ture and the development of new technologies, and that they
use a wide range of regulatory tools, including mandatory
standards and targets, planning law or planning guidance,
performance evaluation and the ban of certain fuels,
together with some financial instruments such as subsidies,
loans to modernize the fleet and taxes, such as congestion
charges (see Box 5.9).

Turning first to issues of transport infrastructure, the
mitigation of climate change is one driver behind the devel-
opment of new mass transportation infrastructure. One of
the most common initiatives is the operation of bus rapid
transit (BRT) systems, guided bus lines or bus ways to
improve the quality and speed of bus services. BRT and
similar initiatives — which in many cases may be imple-
mented at a fraction of the cost of an underground metro
system — already exist or are planned in cities in all major
regions of the world, although not all these initiatives are
specifically tied with climate change mitigation objectives
(see Table 5.8). The Transmilenio BRT System in Bogota
(Colombia) is often mentioned as a leading example,
although it follows the pioneering experience of Curitiba
(Brazil).% The service, opened in 2000, is administered by

Transmilenio S.A., a public company, and operated by private
contractors. The system consists of 84km of central bus lines
connected with 515km of peripheral lines and 114 passen-
ger-picking stations, and can transport up to 1 million
passengers every day. In addition, its 9000 buses are
to be replaced with energy-efficient models. However,
Transmilenio has been criticized for being overcrowded, too
expensive, slow and offering limited access to certain areas
of the city. Nevertheless, the experience of Bogota is often
mentioned in other cities as an example of actions to extend
or improve existing mass transportation systems. Other
public transportation systems such as trams or trains may
have received less attention in climate change mitigation
plans because of their high costs; but the use of CDM credits
may increase the number of these types of projects in devel-
oping countries. For example, the Egyptian Ministry of
Transport and the National Authority for Tunnels, in coopera-
tion with CDM-Egypt, are planning to build a third line for
the Greater Cairo Metro Network between 2010 and
2031.%7 The project will cost €856 million and it is expected
to be funded by CDM credits.

A second area in which municipalities have sought to
take action is through the development of low-carbon
vehicles and fuels. In Germany, Hamburg and Berlin have
teamed up in the Clean Energy Partnership,® which foresees
the development of public fuel cell buses and urban hydro-
gen filling stations. In Hamburg the aim is to have 10 fuel
cell buses in operation by 2010, 500 to 1000 fuel cell
vehicles by 2015, together with a public network of filling
stations. In Rome (Italy), the urban public agency in charge
of local public transport services and the Commune of Rome
have been involved in the introduction of over 80 electrically
powered buses and 700 methane buses. Stockholm
(Sweden) has the largest green fleet in Europe, and is
heading for 100 per cent renewable energy in public trans-
port by 2010, with tram and rail being powered by wind and
hydroelectricity, and ethanol and biogas fuels used in a large
proportion of the city’s own fleet, as well as private vehicles
(35,000 in total, about 5.3 per cent of vehicles) reducing
CO, emissions by 200,000 tonnes annually. Significantly,
cities are also providing arenas for the experimentation and
promotion of new technologies, such as in the cases of
compressed natural gas use in transport in several cities
around the world including Tehran (Iran), Mumbai (India),



Dhaka (Bangladesh) and Bogot4 (Colombia),?® while in Brazil
biofuels are promoted in the country’s megacities.

A third set of initiatives in the transport sector
includes demand-reduction and demand-enhancement
measures, led by a wide range of actors and involving differ-
ent policy instruments, modes of transport and
understandings of mobility. For example, a non-profit organi-
zation launched by transportation activists, Car Share, has
launched City Car Share schemes in several US cities such as
San Francisco, Oakland and Berkeley. Public bicycle sharing
networks allow people to borrow or rent bicycles so that
they can travel around the city without having to own a
bicycle, reducing individual purchase and maintenance costs,
and storage space requirements. Such programmes are
popular in European cities and are used, amongst others, in
Barcelona, Spain (Bicing); Milan, Italy (Biciclette Gialle);
Paris, France (Velib); Rome, Italy (Romainbici); and
Stockholm, Sweden (Stockholm City Bikes). A similar
programme also exists in Montreal, Canada (Bixi).
Municipalities may also impose traffic restrictions, such as
congestion charges (see Box 5.9), although this may reduce
the access to the city to social groups who cannot afford
such tax.

Municipalities can also work with other institutions
to reduce demand. For example, the City of Cape Town
(South Africa) has a project to develop partnerships with
the largest employers within the city to reduce the work-
related mobility needs of their employees. However, the
introduction of demand management measures is not
always straightforward. For example, in Brazil, the Porto
Alegre Charter to facilitate and promote pedestrian mobility
within the city — which gave new rights to pedestrian and
disabled people — had to be substantially modified before it
could obtain the approval of local representatives in 2007,
although the original proposal of shifting the right of way
from motorized vehicles to pedestrians could be main-
tained.

The dynamism of the transport sector and its interac-
tion with other sectors makes it difficult to anticipate the
consequences and future of climate change mitigation
measures, particularly when climate change mitigation plans
and actions are confronted with the increasing mobility
demands of the urban population. Measures to control and
reduce demand need to be complemented with alternatives
for mass transport and non-motorized transport that often
require significant investments in new infrastructure. In
many cities, climate change mitigation concerns have been
preceded by concerns about urban congestion and air quality,
which makes transport a central issue in urban planning and
management. Recent transport studies suggest that differen-
tial prices of energy sources, based on carbon content, could
help to promote better urban transport efficiency.% Yet, it is
not clear how this could be implemented at the city level. On
the other hand, the combination of improved car technolo-
gies and traffic management may complement carbon pricing
to mitigate climate change while improving the sustainability
of current urban transport systems. ‘!

Climate Change Mitigation Responses in Urban Areas

Carbon sequestration

In addition to reducing the amount of GHG emissions that
are produced in the city, one means through which urban
actors could address the challenge of mitigation is through
carbon sequestration. Carbon sequestration involves remov-
ing GHG emissions from the atmosphere, either through
enhancing natural ‘carbon sinks’ (e.g. conserving forested
areas and enhancing river environments), the development
of new carbon sinks (e.g. reforestation or afforestation) or
through the capture and storage of GHG being produced
within the city. The capture of methane from landfill sites for
energy generation'%? is also a form of carbon sequestration.
Traditionally, such activities have been peripheral to the
main focus of urban mitigation activity. However, new devel-
opments in carbon capture and storage technologies,
growing interest among national governments in carbon
capture and storage, especially in developed countries and
the more industrialized developing countries, and the
increasing availability of carbon finance through interna-
tional policy instruments — such as the CDM — are making
carbon sequestration schemes more popular at the urban
level (see Table 5.9). Regionally, carbon sequestration
schemes are more common in developing country cities,
often associated with gaining CDM credits or development
programmes. However, it should be noted that actions
promoting urban tree-planting and restoration, preservation
or conservation of carbon sinks may be taken in cities in
developed countries for reasons of environmental protection
or the preservation of urban green spaces without associat-
ing them specifically with climate change mitigation
objectives.

Urban carbon sequestration, however, is still in incipi-
ent stages. The technology to facilitate carbon capture and
storage is still under development, and proposals for its
implementation in cities are only now emerging (see Box
5.10). Carbon offset schemes based at the city level are also
rare and often reach beyond city limits. In the US,
Philadelphia Zoo (in partnership with private actors) has initi-
ated the Footprints scheme to green zoo operations, develop
local and international carbon offset projects, and engage
with communities in Philadelphia and beyond. The Footprints
scheme includes two reforestation projects, one in a former
scrub site close to the zoo and another in Sukau, Borneo
(Malaysia). Offsetting projects are often led by individuals or
NGOs; but sometimes governmental authorities may have a
crucial role in mediating the schemes. For example, since
2008 the city of Rio de Janeiro (Brazil) has created its own
‘carbon market’, which facilitates the participation of private
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In many cities,
climate change
mitigation concerns
have been preceded
by concerns about
urban congestion
and air quality,
which makes
transport a central
issue in urban
planning and
management

New developments
in carbon capture
and storage
technologies ... are
making carbon
sequestration
schemes more
popular at the urban
level

Climate change
mitigation and carbon
sequestration

Type of scheme Description

Urban carbon capture
and storage:

The development of schemes to capture CO, emissions from energy
generation within the city and place in long-term storage.

Urban tree-planting

programmes: for CO,.

Schemes which seek to plant trees to develop the urban ‘sink’ capacity

Restoration of carbon sinks:

Schemes which seek to restore areas of natural carbon sinks in the city.

Preservation and

conservation of carbon sinks:  carbon sinks in the city.

Schemes which seek to preserve and enhance areas of natural

Carbon offset schemes:

The purchase of carbon sequestration offsets by actors within the city
from schemes located either in the city or elsewhere.
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Box 5.10 The future of energy? Piloting urban carbon

capture and storage in Rotterdam, The Netherlands

Most carbon
sequestration
initiatives at the
urban level relate
to tree-planting
schemes and the
restoration and
preservation of
carbon sink

companies in carbon-offsetting projects by providing them
with a methodology for calculating the amount that they need
to reforest in order to abate carbon emissions, a helpline, and
contacts with potential offset projects.

Most carbon sequestration initiatives at the urban
level relate to tree-planting schemes and the restoration and
preservation of carbon sinks. Urban tree-planting prog-
rammes frequently rely on cooperation between municip-
alities and citizens. This is the case in several cities in Latin
America where the municipality has developed technology
transfer and promotion campaigns for urban tree planting.
However, the results depend largely on the voluntary and
non-monitored intervention of citizens — for example, the
Tree Planting Incentives in Sao Paulo (Brazil), the One
House, One Tree programme in Lima (Peru) or the Organic

Box 5.11 Planning for a Garden City in Singapore

Urban Gardens programme in Caracas (Venezuela). In
Johannesburg (South Africa), the Greening Soweto
programme was intended to contribute to the preparations
for the 2010 FIFA World Cup in addition to its carbon
sequestration benefits. The programme started in 2006 with
the objective of planting 300,000 trees in Soweto.'%®

The preservation and restoration of carbon sinks is
also dependent on government intervention, For example, in
Lagos (Nigeria) and surrounding areas, a ban on tree felling
has been imposed. So far, more than 3000 trees in the state
have been counted and tagged to prevent felling,'% although
is not clear how the ban is enforced. In Bogotd (Colombia),
the Botanical Garden — in partnership with local authorities
— has started an initiative to improve and regulate urban tree
management for the protection and conservation of urban
trees, and the creation of a tree registry that may help to
preserve individual trees.!%> Carbon sequestration can be
combined with city beautification, particularly when a range
of measures to create and protect green spaces and facilitate
public access are combined, such as in the case of Singapore
(see Box 5.11).

In developing countries, CDM mechanisms may help
to initiate afforestation and nature conservation programmes
with carbon sequestration benefits. In Egypt, for example,
the Environmental Affairs Agency, in cooperation with CDM-
Egypt, is developing a project (2007 to 2017) for the
afforestation of 10km of road (0.5 million trees) around the
ring road of greater Cairo. The project, which will cost US$4
million, is expected to contribute to the reduction of GHG
emissions (100,000 tonnes of CO,eq per year) and to local
sustainable development objectives. However, carbon
sequestration programmes need to acknowledge the differ-
ential impacts that such programmes may have in different
population groups. Further work on the role of gender in
urban greening is needed to understand the different
services that urban green areas offer to different social
groups and their roles in maintaining them.

Despite their current low profile, carbon sequestra-
tion projects appear to be gaining ground in at least three
ways. First, the development of carbon capture and storage
technologies may lead to urban pilot projects, although this
technology is heavily dependent on economies of scale and
carbon storage facilities, with the result that few cities are
likely to provide suitable locations. Carbon capture and
storage has also been criticized for failing to address the root
of the climate change problem in terms of the use of fossil
fuels, and any decisions to locate carbon capture and storage
plants in urban settings is likely to attract significant opposi-
tion. Second, the CDM and growing carbon markets may
help to finance afforestation and nature conservation
programmes in developing countries. It is important to
highlight that these programmes may simultaneously provide
carbon sequestration functions while also protecting water
and soil resources that are crucial for the adaptation of cities
to the potential impacts of climate change (see Chapter 6).
Third, the rapid proliferation of initiatives such as carbon
markets or offsetting schemes suggests that these schemes
may have more prominence in the future, although often,
they may transcend the spatial boundaries of the city.



Assessing the impact of urban climate
change mitigation initiatives

The above discussion suggests that many different initiatives
to mitigate climate change are taking place in cities across
the world. Despite this, there is still relatively limited infor-
mation about the individual and collective impact of these
measures, especially when they extend beyond municipal
buildings and infrastructure systems or involve behavioural
change. Municipal networks, such as the CCP campaign,
Climate Alliance and C40, have sought to develop indicators
of their achievements.'% The CCP Australia programme, for
example, calculated that its 184 members achieved ‘4.7
million tonnes [CO,eq] abatement — equivalent to over a
million cars off the road for one year’ as well as ‘A$22 million
saved by councils and their communities through reduced
energy costs’.'9 However, such figures have been limited by
their reliance on self-reporting and the lack of a common
methodology to enable comparison between different inter-
national networks or with cities that lie outside of these
networks. One current initiative that may contribute to
building a more accurate picture of the impact of urban
climate change measures is Project 2°, which aims to provide
‘the first global, multi-lingual emissions measurement
toolset designed to help cities measure and reduce their
greenhouse gas emissions 24 hours a day, seven days week,
via the web’.!% Independent studies explicitly examining
the stocks and flows of GHG in cities have also been
conducted.'% Yet, these analyses are focused on understand-
ing historical and future trends rather than any direct
assessment of the impact of policies and measures that
have been put in place. There is therefore a need for new
research which applies these analytical approaches to the
assessment of current policy measures. However, it should
be noted that the International Standard for Determining
Greenhouse Gas Emissions for Cities — jointly launched by
the United Nations Environment Programme (UNEP), UN-
Habitat and the World Bank at the World Urban Forum in Rio
de Janeiro in March 2010 — provides a common method for
cities to calculate the amount of GHG emissions produced
within their boundaries.'?

Despite such new methodologies, more general
challenges of assessing the impacts of policy interventions,
the relatively short time-scales involved, and the fragmented
nature of the data available, especially with regard to levels
and reductions of GHG emissions across urban communities,
will remain. In this context, basic guidance about the poten-
tial of different measures may be more useful than measures
of emissions reductions. For example, it is clear that system-
atic efforts to shift from fossil fuel-based energy and trans-
port systems through the use of low-carbon technologies are
likely to have a more significant impact upon reducing GHG
emissions than small-scale short-term initiatives to improve
energy efficiency, which may be compromised by the

Climate Change Mitigation Responses in Urban Areas
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rebound effect once initial financial savings have been
achieved. However, in reaching the ‘low hanging fruit’ — the
sectors offering GHG reduction costs that yield long-term
returns even without their participation in carbon markets —
such schemes may have several additional benefits and act as
a means of getting climate change on urban agendas. Figure
5.1 highlights the waste, transport and buildings sectors as
the ‘low hanging fruits’ of urban GHG mitigations.

In short, decisions over which mitigation measures to
adopt will be determined by the social, political and
economic circumstances in individual cities and guided by
the weight given to climate change concerns, rather than by
any absolute evaluation of their effectiveness (see Table
5.10). The wide range of actions and the tendency to adopt
piecemeal rather than strategic approaches documented in
this section point to the multiple drivers and barriers to
achieving climate change mitigation in the city. While in
developed countries urban actors may be constrained by
institutional factors and lack of public support or leadership,
in developing countries there is often little incentive for
municipalities to mitigate climate change when they cannot
address the basic needs of current populations. In the face of
these challenges, the following sections elaborate upon the
modes of governing that municipalities and other urban
actors have adopted to mitigate climate change and the
opportunities and constraints that they have encountered.

Based on the discussion of the differences between
production and consumption perspectives to the measuring
of GHG emissions in Chapter 3, Table 5.11 provides a more
specific overview of mitigation activities — from each of
these perspectives — that can stop or reduce the current
growth in urban GHG emissions.

B

The ‘low hanging
fruits’ of urban
GHG mitigation

Source: ICLEI, 2010, p9
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Table 5.10

Identifying and
prioritizing climate
change mitigation
actions

TS

Mitigating urban GHG
emissions: Production
versus consumption
perspectives

Cities and Climate Change

Type of measure

Leadership

Examples Climate change benefits

* Renewable energy
demonstration projects
+ Education campaigns

+ Limited direct impact
upon GHG emissions

Additional benefits

Demonstrate commitment
to climate action
Encourage action by others

Limitations

Impact assessment is difficult
Could be perceived as
tokenistic

No or low upfront
costs

+  Energy- and water-efficient
behaviour
* Waste minimization

Limited impact upon
GHG emissions unless
sustained over the long term

Short-term financial savings
Environmental education

Difficult to enforce and
often involves changing
ingrained organizational and
cultural practices

Cost effective

+  Energy- and water-efficient
technologies

Dependent on the scale
and timeframe of measures

.

Short- to medium-term
financial savings

Impacts can be monitored
Address issues of resource
poverty and security

Energy and water savings
can be limited by the
rebound effect

Multiple benefits

* Travel demand-reduction ¢
measures

+ Reforestation and .
conservation projects

Dependent on the scale

and timeframe of measures
Provides opportunities for
working with a wide range

Address multiple goals of
sustainability and well-being,
including air pollution,
congestion, urban green

Assessment of impacts

is difficult

Reliant on the involvement
and actions of others

of actors and gaining
political support for
climate change

space, resource security ¢
and meeting basic needs

Climate change benefits may
be sidelined if they conflict
with other objectives

Low-carbon and renewable ¢
energy infrastructure
projects

Deep cuts .
have significant direct

catalysts for change

of actors and gaining
political support for
climate change

Large-scale projects may ~ *

impact; small- and medium-
sized projects can act as

* Provides opportunities for
working with a wide range

Offer opportunities to .
update infrastructure
networks, provide access ¢
to services for poor
communities and

informal settlements

High upfront costs and long
payback periods

Usually reliant on external
sources of funding and
partnerships with other
public and private actors,
which can be fragile

Source: adapted from ICLEI Australia, 2008, pé

What can stop or reduce the growth in urban GHG emissions?

Production perspective

Consumption perspective

commercial buildings from space heating (usually the largest user of fossil fuels in
temperate climates) and lighting; much of this is relatively
easy and has rapid paybacks.

Energy supply A shift to less GHG-emitting power generation and As in the production perspective, but also a greater focus on
distribution; incorporation of electricity-saving devices; less consumption among high-consumption households; a shift
an increase in the proportion of electricity generated to less GHG-intensive consumption.
from renewable energy sources and its integration
into the grid; carbon capture and storage.
Industry A shift away from heavy industries and from industry As in the production perspective but with an extra concern to
to services; increasing energy efficiency within enterprises; reduce the GHGs embedded in goods consumed by residents and
capture of particular GHGs from waste streams. to discourage consumption with high GHG emissions implications.
Forestry and N/A (as no emissions are assigned to urban areas). Encouraging less fossil fuel-intensive production and supply chains for
agriculture food and forestry products; addressing the very substantial non-CO,
GHG emissions from farming (including livestock); forestry and
land-use management practices that contribute to reducing global
warming.
Transport Increasing the number of trips made on foot, by bicycle, As in the production perspective but with a stronger focus on
on public transport; a decrease in the use of private motor reducing air travel and a concern for lowering the GHG emissions
vehicles and/or a decrease in their average fuel consumption implications of investments in transport infrastructure.
(including the use of vehicles using alternative fuels); ensuring
that urban expansion avoids high levels of private motor
vehicle dependence.
Residential/ Cutting fossil fuel/electricity use, thus cutting GHG emissions  As in the production perspective but with an added interest in

reducing the CO, emissions embedded in building materials,
fixtures and fittings.

Waste and
wastewater

Reducing volumes of wastes, and waste management that
captures GHGs.

As in the production perspective but with a new concern to reduce
waste flows that arise from consumption in the city but contribute to
GHGs outside its boundaries.

Public sector
and governance

N/A (as no emissions are acknowledged).

Governance that encourages and supports all the above;also a strong
focus on lowering GHG emissions through better management of
government-owned buildings and public infrastructure and services;
includes a concern for reducing GHG emissions generated in the
building of infrastructure and the delivery of services.

Notes: Based on the discussion of GHG emission drivers in Table 3.18.
NJ/A = not available.

Source: based on Satterthwaite et al,2009b, pp548-549




URBAN GOVERNANCE FOR
CLIMATE CHANGE
MITIGATION

As the section above has demonstrated, municipal authori-
ties and other actors have developed a range of strategies
and measures for mitigating climate change in different
policy sectors. Research suggests that the mechanisms which
urban actors use to develop and implement these initiatives
can be grouped into distinct ‘modes of governing’.!! First,
the section reviews the changing nature of urban governance
and the ‘modes of governing’ that public authorities and
private actors use in order to address climate change.
Alongside four modes of governing that have been identified
within municipal governance — self-governing, provision,
regulation and enabling — the growing importance of corpo-
rate, donor and civil society actors means that (quasi) private
modes of governing — voluntary, private provision and
mobilizing — are also becoming important. The section
reviews municipal and private modes of governing, in turn,
considering the mechanisms and policy instruments
involved, comparing their use in the five key policy sectors
discussed in the previous section, and their general
strengths and limitations.

Modes of governing climate
change mitigation

The term governance can be broadly understood in two
different ways. First, in a ‘descriptive sense, it refers to the
proliferation of institutions, agencies, interests and regula-
tory systems’ involved in managing societies. Second, in a
‘normative sense, it refers to an alternative model’ for organ-
izing collective affairs, frequently assumed to be based on
horizontal coordination between mutually dependent actors
where governments may be one among many agencies
involved.!'> While there have been many calls to develop
‘good governance’ in a normative sense, this section focuses
on analysing different forms of governance captured in the
descriptive definition of the term. Such new forms of gover-
nance are thought to have emerged as a result of a ‘profound
restructuring of the state’ evident in:

* ‘arelative decline in the role of formal government in
the management of social and economic relationships’;

* ‘the involvement of non-governmental actors in a range
of state functions at a variety of spatial levels’;

* ‘achange from hierarchical forms of government struc-
tures to more flexible forms of partnership and
networking’;

e ‘ashift from provision by formal government structures
to sharing of responsibilities and service provision
between the state and civil society’; and

* ‘the devolution and decentralization of formal govern-
mental responsibilities to regional and local
governments’.!'3

Climate Change Mitigation Responses in Urban Areas

Understanding the nature, potential and limitations for
urban climate change governance involves considering the
different ways in which urban governments operate, as well
as recognizing the important roles played by a variety of
other public and private actors. In this context, research has
shown that a small number of distinct ‘modes of governing’
are being employed to address climate change in the urban
arena.'# In terms of the modes of governing deployed by
municipal authorities, four approaches appear to be impor-
tant:

1 self-governing: the capacity of municipalities to govern
their own operations, estate and activities;

2 provision: the shaping of practice through the delivery
of particular forms of services and resources;

3 regulation: the use of traditional forms of authority such
as mandates and planning law, and the oversight and
implementation of regulation created at other levels of
government;'!> and

4 enabling: the role of municipalities in facilitating,
coordinating and encouraging action through partner-
ship with regional or national governments, private- and
voluntary-sector agencies, and through various forms of
community engagement.

While municipal modes of governing climate change were
dominant during the 1990s, more recently, new modes of
urban climate governance are emerging in which private
actors (such as foundations, development banks, NGOs and
corporations) and public agencies outside the local authori-
ties (donor agencies, international institutions) are initiating
schemes and mechanisms to address climate change mitiga-
tion activities in the city."'® Three approaches appear to be
gaining ground, which in some ways mirror those being
deployed by municipal authorities:

1 voluntary: the use of ‘soft’ forms of regulation to
promote action either within an organization or
amongst a group of public and private actors, combining
features of the self-governing and regulation modes
detailed above;

2 public-private provision of low-carbon infrastructures
and services, either in place of or in parallel to govern-
ment schemes, including initiatives developed through
the auspices of the CDM,; and

3 mobilization, where private actors seek to engage other
organizations in taking action, such as through educa-
tion campaigns.

Each mode of governing relies on a different combination of
policy instruments and mechanisms, and may be more or
less effective in mitigating climate change in the urban
arena. The following sections review municipal and
public—private modes of governing in turn, assessing their
use in different policy sectors as well as their strengths and
limitations for achieving reductions in GHG emissions.
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in response to
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Mode of governing

Cities and Climate Change

Municipal governance

These four approaches of municipal governance — self-
governing, provision, regulation and enabling — are not
mutually exclusive; rather, municipalities tend to deploy a
combination of these modes at any one time. This is indica-
tive of the impact of state restructuring, where — rather than
governing in a direct, hierarchical, manner — the task for
state authorities is one of ‘meta-governance’: of articulating
and combining different modes of governance.''” However,
research suggests that the self-governing mode remains the
dominant approach adopted by municipal authorities in
response to climate change. While the self-governing mode
has significant limitations in terms of the proportion of
urban GHG emissions that can be addressed (see Table
5.12), it offers a visible and often short-term means through
which municipal authorities can demonstrate their commit-
ment to climate change. In developed countries, self-
governing and enabling modes have been dominant, while
initiatives in developing countries are often based on the
provision of low-carbon infrastructures and services. While
regulation is the least frequently used mode of governing, it
is most common in the transport and urban development
sectors, reflecting the roles of local authorities in controlling
air pollution and land-use planning. The development of

climate change initiatives in the urban infrastructure sector
has primarily relied on the provision mode of governing,
while the enabling mode dominates in the built environment
and carbon sequestration policy sectors.

This analysis suggests that municipal governments are
making use of a wide range of policy instruments and mecha-
nisms in seeking to address climate change. Given the
cross-cutting nature of climate change as a policy issue, it is
perhaps not surprising to find that there is no single ‘recipe
for success’ — with the demands of different policy sectors,
as well as different national and local contexts, leading to a
‘patchwork’ of approaches being adopted. However, the
dominance of the self-governing and enabling modes and the
limited role played by regulation point to the underlying
challenges that municipal governments face in seeking to
address climate change. On the one hand, accounting for the
impact of regulation, provision and enabling measures — in
terms of GHG emissions saved, and the financial and
additional benefits accrued — is a complex task. In an era
where municipal governments are required to audit their
achievements, such measures may be deemed economically
and politically unfeasible. At the same time, moving this
complex policy issue into concrete actions beyond the areas
within which they exercise direct control involves municipal-
ities challenging the deeply ingrained relationship between

Policies and mechanisms Examples

Advantages

Limitations

Self-governing

* Management of local * Investment in energy-efficient
authority estate street-lighting
* Procurement * Purchasing renewable energy
for municipal buildingsbuildings
* Leading by example * Behavioural change

programmes for local
authority staff

Self-governing measures are under the
direct control of the municipality and can
provide quick, verifiable and cost-effective
means of reducing GHG emissions.

They provide a means for municipalities to
demonstrate leadership and commitment
to addressing climate change.

Self-governing measures can only address

a small proportion of urban GHG emissions.
They may be limited to those that can
provide a financial return within the

(short) time horizons of local governments.

Provision + Operation of municipal * Investment in low-carbon The provision of low-carbon infrastructure Municipal capacity for providing low-carbon
infrastructure systems transport systems such and services has potential for significant infrastructure and services is hampered by a lack
as BRT reductions in GHG emissions by changing the  of finances, dependency on the terms and
+ Green consumer * Household energy surveys carbon intensity of utility provision and conditions of capital loans,and a limited remit for
services and subsidized renovation altering the choices available to providing energy, water, waste and transport.
programmes provided by households and businesses across the city. In contexts where there is a lack of basic
municipal authority The development of new low-carbon services, developing low-carbon networks is
infrastructure networks could improve unlikely to be a priority. In addition, the provision
access to basic services and improve of infrastructure and services is only one factor
livelihoods. shaping their use and may not lead to an overall
reduction in GHG emissions without additional
measures.
Regulation + Taxation + Congestion charging schemes ~ Regulative measures can provide transparent ~ Regulative measures can be difficult to implement
* Land-use planning + Requirement for renewable and effective means for reducing GHG because of concerns about their impact upon
energy technologies in new emissions from a variety of policy sectors. businesses or particular sections of the
development They provide a level playing field for the community. Regulations are difficult to apply
+ Codes,standards,etc. ~ * Energy and water efficiency business community. They may also yield retrospectively (e.g. to existing buildings) and
standards for buildings additional revenue, which can be invested governments are often reluctant to regulate
in additional low-carbon measures. individual behaviour, meaning that the application
of such measures may be confined to a small
proportion of total urban GHG emissions. In a
context of limited municipal capacity, regulations
can be difficult to monitor and enforce.
Enabling * Information and + Education campaigns for Enabling measures can require relatively Enabling measures are dependent on the goodwill
awareness-raising walking and cycling little financial or political investment. They and voluntary actions of businesses and
* Incentives + Grants/loans for low-carbon enable municipal governments to benefit communities who may not be forthcoming.
technologies for households/ from the resources and capacities of arange  Assessing and verifying the impact of GHG
businesses of other urban actors in reducing GHG emissions reductions from such measures is often
+  Partnerships + Development of voluntary emissions. Through involving a range of impossible and it may be difficult to evaluate their

GHG emissions reduction
schemes for local businesses

different partners, they may increase the
democratic mandate for acting on
climate change.

cost effectiveness.

Sources: Bulkeley and Kern, 2006; Bulkeley et al, 2009; Hammer, 2009; Martinot et al, 2009; ICLEI, 2010




the use of fossil fuels and economic development, and the
political and social interests that this sustains.

m Self-governing

Historically, self-governing has been central to municipal
efforts to address climate change, particularly in cities in
developed countries.''® In this mode, there are three princi-
pal means through which municipal authorities have sought
to reduce their own GHG emissions (see Table 5.12). The
first is through the management of municipal buildings,
fleets and services. Local authorities vary considerably in
terms of the building stock, vehicles and infrastructure
systems that are under their direct control; but in addition to
local government buildings, this can include schools,
community and health centres, libraries and leisure centres;
vehicle fleets for waste collection and road maintenance; as
well as energy systems that provide heat and power for
municipal buildings or local authority housing. Actions can
include technical measures, such as retrofitting buildings
with energy efficiency measures — for example, in Yogyakarta
(Indonesia), Johannesburg (South Africa) and Mexico City —
and demand-reduction programmes for employees (see Box
5.12). In Buenos Aires (Argentina), for example, the local
authority expressed concern that, because employees do not
bear the cost of energy, energy-saving measures were not
being put into place. Thus, employees were given new
guidance and training to prevent wasting energy in public
buildings. In order to encourage behavioural change, the
City of Melbourne (Australia) has implemented a 0.5 per
cent performance-related pay increase for staff if they meet
targets for improving the environmental performance of the
organization.

The second is through procurement policies. These
can include purchasing renewable energy for the municipal-
ity and, in the transport arena, buying alternative low-carbon
fuels.

Third, local authorities may aim to lead by example,
establishing best practice principles, or demonstrate the use
of particular technologies or social practices to facilitate
their widespread adoption by other local actors. Projects
implemented by these means include setting targets for
reducing GHG emissions or the use of renewable energy,
with a recent survey of 160 cities finding that at least 125
had such targets in place,'' as well as demonstration
projects and promotional campaigns.

Overall, research suggests that within developed and
developing countries, the self-governing mode of addressing
climate change is prevalent across different urban policy
sectors. The ‘reasons for embracing [local government],
institutional actions are straightforward: they require
minimal or no community buy in, creating little political
debate; they usually produce direct returns with respect to
cost savings; they produce quick, verifiable reductions in
emissions’.'?" The ability to demonstrate leadership on
climate change mitigation and accrue additional (financial)
benefits at relatively little economic, political or social cost
has led to a strong emphasis on municipalities undertaking
self-governing actions. However, while such measures may
provide the initial step towards establishing climate change

Climate Change Mitigation Responses in Urban Areas

Box 5.12 The Green Lighting Programme in Beijing, China
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The Green Lighting Programme was initiated in Beijing in 2004. One of its mandates focuses on
replacing normal lights with energy-efficient light bulbs in 2046 primary and middle schools in
18 counties and districts. The result was that it replaced 1,508,889 light bulbs, which saved
14.4MW of electricity valued at 8.21 million RMB (US$1.05 million), and reduced annual CO,
emissions by 14,535 metric tonnes. The project also increased student awareness and knowl-
edge of the concept of saving energy. In 2008, the project was extended to install

energy-efficient lighting in 1263 bathrooms inside the 2nd Ring Road, 70 subway stations,

| 14km of subway tunnels,and in government buildings, hotels, commercial buildings and

hospital buildings. The Beijing Development and Reform Commission estimates that 39MW of

electricity can be saved each year through the installation of energy-efficient light bulbs.

Source: Zhao, 2010

policy, the effectiveness of self-governing measures in
reducing urban GHG emissions is limited by the extent of
the municipal estate and operations. In the majority of cases,
municipal GHG emissions constitute a small proportion of
the total emissions in a city. In this context, too much
emphasis on the self-governing mode may detract attention
(and resources) from the broader challenges of reducing
GHG emissions across the city.

m Provision

The provision mode for governing climate change involves
both the development of low-carbon infrastructure systems
and the delivery of ‘green’ consumer services by municipal
governments (see Table 5.12). Historically, municipal author-
ities have had a strong role in the development of urban
infrastructures — energy, water, waste, road and rail net-
works — and up until the mid 1990s municipalities contin-
ued to own their energy generation, water provision, public
transport and waste services. In the years following World
War 1I, local governments in the UK and North America
began to sell off such assets, and with the rising tide of neo-
liberalism in the utilities sector, many such companies in
other developed countries were sold during the 1980s and
1990s. As a result, most municipal governments in devel-
oped countries have limited capacity and direct respons-
ibilities for delivering low-carbon energy infrastructures,
although there are some notable exceptions (see Box 5.13).
Rather, these networks are provided by an increasingly
diverse set of partnerships and private actors.'?! In develop-
ing countries, municipal governments often retain some role
in the direct provision of public services and public transport
networks alongside new private providers and public—private
partnerships, creating the potential for governing climate
change mitigation through this mode. However, such
networks are limited in their social and spatial coverage, and
provide far from universal access to basic services. In
contexts where meeting basic needs for energy, sanitation
and mobility are pressing, the ability for municipal govern-
ments in developing countries to take climate change
mitigation into account is limited.

Despite these limitations, municipalities have sought
to pursue climate change policy through the provision of
infrastructures and services. Municipalities have been
involved in the creation of low-carbon communities, such as

The provision mode
for governing climate
change involves both
the development of
low-carbon
infrastructure
systems and the
delivery of ‘green’
consumer services
by municipal
governments
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Box 5.13 Provision of energy in Los Angeles, US

While ... the
regulation mode of
governing is the
least popular
approach adopted by
municipal
governments, it can
be very effective in
terms of reducing
GHG emissions

the New Town Development Plan in Seoul (Republic of
Korea), which aims to build 277,000 new apartments with
district heating, estimated to cost US$2.6 billion.!? In the
built environment, municipal governments have been invol-
ved in the provision of energy efficiency measures to existing
buildings — for example, Mexico City intends to install
30,000 square metres of green roofs per year until 2012 —as
well as providing ‘green’ services to householders, including
energy audits and retrofitting packages undertaken in cities
such as Melbourne (Australia) and London (UK). Perhaps
most notable have heen measures to provide low-carbon
mass transport services. In Sao Paulo (Brazil), the state
government planned to invest more than US$7 billion from
the Inter-American Development Bank during 2007 to 2010
in order to modernize train lines and provide new bus infra-
structure — upgrades which it is thought will reduce emis-
sions by 700,000 tonnes of GHGs that can then be sold in
the CDM market.'23

Seeking to govern climate change through the provi-
sion of infrastructure and services has the potential for
far-reaching impacts upon urban GHG emissions by changing

Box 5.14 Low-energy and passive housing in Ljubljana, Slovenia

the carbon intensity of energy, water and waste services,
reducing the carbon footprint of the built environment,
fostering sustainable forms of urban development and
providing low-carbon energy and travel choices for house-
holds and businesses. This potential appears to be most
significant in cities where municipal governments may retain
ownership or control of infrastructure networks and where
basic needs have been met. However, such measures also
have the potential to be socially progressive, providing the
impetus for upgrading social housing and public transport
services in deprived urban communities in developed and
developing countries (see Box 5.14). In seeking to realize
this potential, access to capital investment is likely to be a
key barrier, suggesting that donor agencies and development
banks may play a central role in making appropriate forms of
finance available for the development of low-carbon urban
infrastructure networks.

m Regulation

While research suggests that the regulation mode of govern-
ing is the least popular approach adopted by municipal
governments, it can be very effective in terms of reducing
GHG emissions. Three different sets of mechanisms are
deployed in this mode. First, and least common, is taxation
and user fees, which have predominantly been deployed in
the transport sector — for example, congestion charging (see
Box 5.9) or levies on vehicle pollution.

Second, land-use planning, an area where municipal
competencies are often strong (at least in developed
countries), has been used across different policy sectors to
address climate change mitigation. For example, in urban
development and design, land-use planning is used to stipu-
late urban densities and to promote mixed land use in order
to reduce the need to travel, and in the built environment
sector to mandate particular standards of energy efficiency
for new buildings or, as is the case of Sao Paulo (Brazil) and
Barcelona (Spain), to introduce requirements for the compul-
sory use of solar energy supply in buildings of a certain size.
Land-use planning is also being used to foster the develop-
ment of low-carbon infrastructure. In London (UK),
developments over a certain size are required to meet 20
per cent of their projected energy needs through onsite
low-carbon or renewable energy generation, measures
designed to increase the uptake of decentralized energy
tech-nologies. 24

Third, the setting of codes, standards and regulations
are most common in the built environment sector, where
they are often set by national governments, although
examples can also be found at the municipal level, including
the ban of certain building products in Vienna (Austria) and
Melbourne (Australia); a mandatory energy performance
requirement for large office developments in Australia;'%°
and mandatory requirements for the use of solar hot water
systems for some buildings in Delhi and Bangalore (India).'20
In the transport sector, several municipalities in Europe,
such as Paris (France) and Athens (Greece), have experi-
mented with schemes to ban vehicles coming into city
centre areas on certain days to reduce congestion and pollu-
tion. A further set of indirect measures to reduce GHG



emissions includes the implementation of standards for
improving the energy efficiency and emission of pollutants
from vehicles in cities such as Lima (Peru), Delhi (India) or
Bogota (Colombia).

The regulation mode of governing provides municipal
authorities with a set of tried and tested policy instruments
through which to address climate change. The directed,
transparent and enforceable nature of these instruments
means that they can be very effective in achieving reductions
of GHG emissions, especially in terms of targeting the use of
particular technologies and encouraging behavioural change.
However, regulation can be difficult to implement. The
characteristics that give it strength — its targeted and
enforceable nature — can also attract opposition from those
who will be adversely affected by the need to comply with
and bear the costs of new standards, plans and taxes.
Moreover, local governments may lack the institutional
capacity to enforce regulations, particularly in cities in devel-
oping countries with limited resources.

m Enabling

Municipalities have also deployed mechanisms to enable
other actors to reduce GHG emissions. Research suggests
that the enabling mode of governing climate change has
been particularly important in developed countries, though
it may now also be gaining ground amongst municipal
governments in developing countries.'”” Three main
approaches have been used by municipalities to facilitate
action to reduce GHG emissions within the city. First,
various forms of information and education campaigns have
been implemented. Such initiatives are usually targeted at
behavioural change and are therefore most common in the
two sectors — built environment and transport — where
changes in behaviour can have an impact upon GHG
emissions. For example, in Hong Kong (China), the munici-
pality has established a programme to promote energy
efficiency in the home through reducing the demand for
cooling by keeping indoor environments at 25.5°C.'28 In
Durban (South Africa), the municipality has established two
energy efficiency clubs with local businesses.'?® Through
these clubs, ‘participants were introduced to techniques for
energy management and auditing, monitoring and targeting,
carbon footprint calculations, and making power conserva-
tion plans. Members who implemented efficiency measures
reported savings of up to R220,000 [South African rand]
(US$28,000) for the 1st quarter of 2009, and the concept of
“clubs” was generally well received by the industries.’!3
This example is particularly interesting as measures targeted
at reducing GHG emissions from large industries are not
usually part of urban municipal climate change policy.'3!
However, ‘the effect of such [public information] campaigns
is contested and difficult to measure since they are often
part of policy packages’.!*2

Second, municipal governments can use incentives of
various kinds — including grants, loans and the removal of
subsidies or barriers to the adoption of new technologies!®®
— to encourage the uptake of low-carbon technologies or to
promote behavioural change. Such initiatives can be found in
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the built environment sector, such as grants for the installa-
tion of energy efficiency measures by households, in the
urban infrastructure sector, where municipal governments
have provided loans and subsidies for the purchase of renew-
able energy technologies, and in the transport arena, where
subsidies for using public transport are common.

Third, municipal governments have developed various
partnerships with business and civil society organizations to
reduce GHG emissions. For example, in Hong Kong (China),
the municipal government established a set of guidelines for
reporting on and reducing GHG emissions from buildings in
2008, which identified areas for energy efficiency improve-
ment and areas for voluntary action. Since ‘its introduction,
37 institutions have signed up as Carbon Audit Green
Partners, including private corporations, public hospitals and
universities’,!3*

The enabling mode of governing may have significant
advantages in terms of its potential impact upon the GHG
emissions across the city and its (relatively) low upfront
economic and political costs. Seeking to engage a range of
communities and businesses in climate change policy can
also increase the transparency and legitimacy of urban gover-
nance. However, there are also two critical limitations. First,
such initiatives are restricted to those who are willing to
participate. For example, in the Durban energy efficiency
clubs, ‘not all major players participated fully... Toyota, for
example, pulled out after the initial two meetings’.'3®
Second, the voluntary nature of such initiatives means that
they are difficult to monitor and verify, and cannot be
‘enforced’, but rather depend on the capacity of municipal
governments to persuade others to take action:

... the effectiveness of urban planning and
governance depends not only upon the assumed
command-and-control power of a master plan,
but upon the persuasive power that can
mobilize actions of diverse stakeholders and
policy communities to contribute to collective
concerns. The likelihood of such enabling
power to emerge is higher in the societies
where power is more diffused and is transpar-
ently exercised... On the contrary, in the
societies where power is concentrated, and
exercised through corruption and coercion,
such consensual processes pose a formidable
challenge.'30

A recent assessment of policy instruments for GHG mitiga-
tion in the buildings sector concluded that:

Although instruments in [the support, informa-
tion and voluntary action instruments| category
might be considered rather ‘soft’ they can still
achieve significant savings and successfully
complement other instruments. However, they
are usually less effective than regulatory and
control measures.'3’
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Modes of public-private collaboration in
urban climate governance

As discussed above,'38 the restructuring of the state has
resulted in the increasing involvement of a number of public
agencies and private actors in urban climate change gover-
nance. In parallel to the approaches developed within
municipal authorities, this Global Report identifies three
‘modes’ of public—private collaboration in urban governance
— voluntary, private provision and mobilization — which are
being developed in order to address climate change (see
Table 5.13). This having been said, it should be noted that, in
practice, there is some degree of overlap between these
three ‘modes’. Importantly, such initiatives do not only seek
to reduce GHG emissions from one organization or group of
partners, but do so explicitly in the name of one or more city.
In this manner, the city has become a key arena within the
broader landscape of climate governance.

The evidence reviewed for this chapter suggests that
public—private collaboration in climate change governance
can be found in both developed and developing countries,
and across the urban development, built environment, urban
infrastructure, transport and carbon sequestration policy
sectors. While limited data on this relatively new phenome-
non is available, these approaches appear most likely to be
adopted by partnerships or networks than by individual
organizations, and to be concentrated on the adoption of
voluntary standards for energy and water efficiency, the
provision of low-carbon urban developments and infrastruc-
ture networks, and the mobilization of behavioural changes
to reduce energy and transport use.

Despite their relatively small scale, the emergence of
these new forms of urban climate governance may have
significant implications for achieving GHG emissions reduc-

tions. The involvement of private actors and external public
agencies can provide additional sources of expertise and
resource, as well as influence over sources of GHG emissions
that may otherwise lie outside of the control of municipal
authorities. The participation of a range of organizations and
communities in addressing climate change can provide a
high profile for the issue, easing the path for municipal
policies, and potentially offer a means for enhancing the
legitimacy and representativeness of local action.

However, partnerships should not be treated as a
panacea. Coordinated action requires both substantial
commitments from the partners and the ability of the organi-
zations to participate effectively (see Box 5.15), and support
may suddenly be withdrawn when the partnership fails to
meet the objectives of one or some of its members.
Partnerships can also be exclusive, serving to promote the
interests of one group of actors at the expense of others.!3?
This can be especially problematic in developing countries,
where empirical evidence suggests that partnerships may
lead ‘to city government support for projects, programmes,
and partnerships with powerful private-sector interests that
have very large carbon footprints (in their construction and
functioning) and also do little or nothing to address the key
needs of low-income urban residents (including addressing
the infrastructure deficit)’.'? Likewise, the implementation
of climate change measures by private companies, interna-
tional networks and external public agencies raises
questions about the legitimacy of the decision-making
process and how and by whom the benefits, and costs, are
borne. 4!

m Voluntary

Voluntary approaches to addressing climate change include
those which are based on changes to existing practices

Voluntary

Policies and mechanisms Examples Advantages Limitations
+  Changing practices * Voluntary offsetting schemes Voluntary measures are under the direct Voluntary measures may be limited to those that
+ Demonstration projects * Building-integrated control of the organizations involved and can provide a financial return within the (short)
photovoltaics can provide quick and cost-effective means time horizons of commercial organizations.
+ Targetsand standards ~ * Voluntary energy of reducing GHG emissions. Adopting Changes in political or economic circumstances
efficiency standards voluntary standards or codes of practice can easily derail such initiatives. Undertaking
can provide a testing ground for future voluntary measures can be a ‘stalling’ tactic to
legislative requirements. Voluntary measures  delay or avoid regulation. Such measures can also
are often adopted for reasons of corporate lack transparency and accountability with few if
social responsibility and can provide a any penalties for failing to comply.

means for holding private-sector actors
accountable for their carbon footprint.

Private provision

+ Urban infrastructure * Investment in waste-to-energy  The provision of low-carbon infrastructures ~ The provision of low-carbon infrastructure and

Mobilization

systems schemes and services has potential for significant services may be limited by the terms and
+ Low-carbon + Energy service companies reductions in GHG emissions by changing conditions attached to investment. In addition,
technologies and the carbon intensity of utility provision, the provision of infrastructure and services is
services altering the choices available to households only one factor shaping their use and may not
and businesses across the city. lead to an overall reduction in GHG emissions
without additional measures.
* Information and + Energy efficiency advice Mobilizing other private- and public-sector In order to be effective, mobilization depends on
awareness-raising schemes actors to reduce GHG emissions can provide  the goodwill and voluntary actions of businesses
+ Capacity-building * Mentoring schemes a means of spreading best practice and and communities who may not be forthcoming.
* Incentives * Access to subsidized energy scaling up demonstration projects. Partnerships and networks are reliant on
efficiency technologies By engaging a range of partners, organizations  continued interest and investment, which may be
can limit the costs of acting and reduce any difficult to sustain through changes in personnel,
disadvantages of being the first mover’. politics and economic circumstances.

By forming partnerships and networks of
like-minded organizations, actors can
strengthen their political position and

claims to legitimacy.




within organizations and communities, demonstration
projects, and voluntary targets and standards. In the first
category, for example, are voluntary commitments to change
how energy and water are used within buildings, experi-
ments with the use of alternative fuels, and voluntary
carbon-offsetting schemes. The second category includes,
for example, initiatives that seek to demonstrate the poten-
tial of energy-efficient buildings, or the economic and social
feasibility of low-carbon technologies in the urban infrastruc-
ture sector. The third category includes schemes which set
voluntary benchmarks for achieving GHG emissions reduc-
tions, such as those promoted by ‘carbon reduction action
groups’ at the community level.'4?

Community-based climate change initiatives seem to
adopt a mixture of these approaches. One such example are
‘transition towns’, community-based initiatives found in the
UK, North America and Australia that seek to reduce GHG
emissions and address the challenge of ‘peak oil''3 by
encouraging the development of the local economy, local
food production, reducing demand for energy and transport,
and the use of renewable energy.'** For example, the
Transition Sydney initiative in Sydney (Australia) provides
presentations and films for local groups on how to address
the challenges of climate change and peak oil, a website for
sharing information, and support for community groups
seeking to reduce their use of fossil fuels. In Bristol (UK), the
Transition initiative offers home energy auditing training and
various types of information and support for members
seeking to reduce their individual GHG emissions. Another
example is the development in Mumbai (India) since 1996 of
more than 200 ‘advanced locality management groups’,
mainly to organize local waste management programmes,
which are now moving into climate change mitigation activi-
ties such as the installation of solar water heaters or the
development of awareness campaigns in their neighbour-
hoods. 4>

Such schemes have the potential to offer a progres-
sive and inclusive approach to mitigate climate change,
tackling issues of social and environmental justice alongside
reducing GHG emissions. However, they are — perhaps
necessarily — small in scale and often politically marginal,
suggesting that their wider impact upon climate change
mitigation may be limited. Their very basis on voluntary
action may also be a limitation, with few means to assess the
contributions that are being made or for organizations to
account for their actions. At the same time, a growing
emphasis on voluntary, primarily community-based, res-
ponses may serve to shift accountability from actors with
responsibilities for the bulk of (urban) GHG emissions to
those who have little in the way of power to address either
the causes or consequences of climate change.

m Public—private provision

While municipalities can set the frameworks within which
new urban development takes place and infrastructure
systems are developed, they may have limited jurisdiction
over the provision of housing and the development of energy,
water, waste and transport services. 0 As a result, partner-
ships between public and private actors have become a
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common means through which urban development and
infrastructure projects, including those which seek to
address climate change, are delivered. In addition, the
emergence of the CDM and other carbon markets has led to
a range of new partnerships involving municipal govern-
ments, urban public utility providers, national governments
and carbon ‘brokers’ in the implementation of low-carbon
infrastructure projects, such as energy-from-waste
schemes. '

A second means through which public—private provi-
sion is taking place is through the delivery of low-carbon
technologies and services. One example of such an approach
has been the establishment of the London Energy Service
Company in 2006, a partnership between the London
Climate Change Agency and the energy company EDF in
order to develop decentralized energy systems.'*® The
Clinton Climate Initiative has also sought to develop
access to energy service companies amongst its partner
cities through developing a ‘unique set of contracting terms
and conditions, including streamlined procurement, trans-
parency in pricing, and other processes that reduce project
cost, development time, and husiness risk’."*’ While doubts
may be expressed about the potential applicability of such
projects to a large number of cities, and of the politics of
accessing such favourable terms and conditions, it does
suggest that alternative business models and financial
arrangements can provide a crucial mechanism for achieving
reductions of urban GHG emissions.

Given the challenge of urban governance and the
privatization of urban utility networks, in most cities munici-
pal authorities have little choice but to work with other
actors in the provision of urban infrastructures. As discussed
above, partnerships may provide benefits — in terms of
resources, knowledge and the pooling of different strengths
- but also have significant limitations. In the case of climate
change mitigation, these limitations may be exacerbated by
the range of actors involved and their diverse interests,
ranging from local community groups to international finan-
cial organizations and other actors in the carbon market.
While it is too early to tell what the impact might be, care
needs to be taken that such responses to climate change do
not serve to deepen existing urban inequalities.

m Mobilization

A third mode through which public—private urban climate
change governance is taking place can be termed mobiliza-
tion, where partnerships and networks seek to facilitate the
reduction of GHG emissions through the provision of advice
and information, capacity-building and incentives (see Table
5.13). These approaches can be deployed internally, amongst
the members of a partnership or network, or externally,
through broader constituencies of business organizations,
communities or individuals. Several private organizations,
partnerships and networks have sought to mobilize action
through providing advice and information. For example, in
Beijing (China), Friends of Nature Beijing have led a
campaign to maintain indoor temperatures at 26°C and limit
the use of air conditioning in order to reduce GHG
emissions. In Manchester (UK), a consortium of public and
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Box 5.15 Manchester Is My Planet: Mobilizing the community?

private actors has sought to engage individuals in reducing
GHG emissions through a ‘pledge’ campaign (Box 5.15).
International networks, ' including C40, ICLEI, the
Climate Group'! and the Clinton Climate Initiative, have
developed extensive programmes and tools for providing
municipal authorities and private-sector actors with infor-
mation about current and future levels of GHG emissions
and potential strategies to mitigate climate change, includ-
ing, for example, reducing energy use, and adopting low-

Box 5.16 Climate change mitigation initiatives developed by

international city networks

carbon forms of urban development and alternative modes
of transport. In addition to providing advice and informa-
tion, these international networks — usually working in
partnership with a range of municipal governments, public
agencies and private-sector actors — have also developed
strategies to build capacity and provide incentives in order
to engage urban actors in climate change mitigation (see
Box 5.16).

These examples suggest that the mobilization mode
of governing is becoming an important means through which
urban stakeholders and communities are undertaking
climate change mitigation. However, as illustrated by the
case of Manchester (UK) (see Box 5.15), the effectiveness of
such initiatives in reducing GHG emissions may be limited.
In parallel to the enabling mode of governance, mobilization
efforts may be hampered by limited participation and its
reliance on powers of persuasion. Furthermore, questions
can be raised about the mandate of private and public—
private partnerships to call on others to act upon climate
change, and of the extent to which they can be held to
account by those who participate in such initiatives. While
mobilization efforts may enable a cross-section of urban
stakeholders and communities to respond to climate change
mitigation, they may equally serve to promote particular
visions of what responding to climate change means at the
urban level, failing to account for existing inequalities or
challenging the fundamental causes of the problem.
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Examples of opportunities Examples of constraints

OPPORTUNITIES AND

CONSTRAINTS

This chapter suggests that significant efforts are taking place
to mitigate climate change in urban areas across the world.
The level and range of activities being undertaken by cities
demonstrate that climate change is an issue firmly on urban
policy agendas in both developed and developing countries.
What is also clear, however, is that in most cities mitigating
climate change remains a marginal issue, and that despite
ambitious policy targets the realities of reducing GHG
emissions are often more challenging than anticipated.'>?
The overall picture is one of policy fragmentation. Islands of
best practice can be identified; but comprehensive
approaches to addressing climate change remain the excep-
tion rather than the rule,'> and significant gaps between
the rhetoric of reducing GHG emissions at the urban level
and the realities of putting such policies and schemes into
practice can be found.'>* The critical factor shaping urban
responses to the challenges of mitigating climate change
seems to be governance capacity.!® In this context, this
section reviews the evidence concerning the opportunities
and constraints that shape governance capacity according to
three broad categories: factors that are institutional, those
which are technical or economic, and those which are politi-
cal in character (see Table 5.14).

Institutional factors shaping urban
governance capacity

Institutional factors which shape urban governance capacity
include issues of multilevel governance (municipal compe-
tencies and the relationships between different institutions
at international, national, regional and local levels); policy
implementation and enforcement; and the presence of alter-
native institutional arrangements, such as international
networks and partnerships through which governance capac-
ity can be generated. The first two factors are discussed in
the sections below, while the issue of international networks
and partnerships is discussed in Chapter 2.

m Multilevel governance

Urban responses to climate change do not take place within
a policy or political vacuum. While municipalities are more
or less coherent and have varying degrees of autonomy from
international policies, and from regional and national govern-
ments, the relationship between these arenas of authority is
critical in shaping the capacity to govern climate change. The
‘multilevel’ governance of climate change affects urban
responses to climate change in three key ways: by providing
the context within which urban responses are framed; by
determining the autonomy and competencies — the duties
and powers — for municipal authorities to act in response to
climate change; and by enabling policy integration within
and between local authorities.

First, international and national policies have provided
the overall framework for municipal responses. National
policies have also served as direct drivers for municipal
actions. For example, in Sweden approximately ‘half of all

Institutional *  Proactive national/regional government + Limited formal powers for
+ Membership of international municipal municipal authority
networks +  Absence of policy
+ Formation of partnerships coordination
Technical and + Knowledge of urban GHG emissions + Lack of expertise
economic + Availability of external funding + Lack of financial resources
*  Flexible internal finance mechanisms + Suitability of technology
Political + Political champions + Departure of key personnel
+  Recognition of co-benefits + Prioritization of other policy
+ Political will agendas
+ Conflicts with other critical
economic and social issues or
sectors

municipalities have adopted climate mitigation goals in
accordance with the national objective of reduced climate
impact as formulated in the Swedish climate strategy’,'>®
while in China, research suggests that the recent interest in
addressing climate change at the local level has not been in
response to the issue itself but instead as ‘a response to the
central government’s expectation for these institutions to
take action’.!>” However, there are two significant excep-
tions to this rule which suggest that an enabling national
government context is not always necessary for urban
responses to climate change. In Australia and the US, the
number of cities developing responses to climate change
grew exponentially during the late 1990s and early 2000s at
a time when both national governments withdrew from the
international process of implementing the Kyoto Protocol.
However, in both countries, urban responses were organized
through international municipal networks, drew heavily on
the international policy framework, accessed financial
resources from federal government funds, and frequently
gained support from cooperative regional-level governments
to support the development of urban policy. These examples
suggest that an enabling multilevel framework is critical in
fostering urban capacity even when the political support of
the national government is absent.

A second critical aspect of multilevel governance
concerns ‘whether the local authority has broad policy devel-
opment and implementation powers, or whether these
powers are narrowly defined or constrained*® in relation to
critical policy sectors, such as transport, land-use planning,
infrastructure development, building standards and waste.
The role of municipalities in these areas is usually defined by
central or regional governments and is delegated to local
authorities.’® Municipalities that have specific competen-
cies for the direct provision of waste, transport or energy
services, such as is the case in many Northern European
countries, can have significant capacity to address climate
change that other local authorities lack.!%" However, in
general, municipalities have limited powers and responsibili-
ties with respect to energy policy, pricing and supply, the
development of urban infrastructure (such as transport
systems), the use of economic instruments (such as taxes
and charges), as well as energy efficiency standards for build-
ings and appliances, and more autonomy with regard to
land-use planning, education and voluntary programmes, 0!
Municipalities can therefore be dependent on the policies
and actions of national governments in order to achieve their

Table 5.14
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policy goals. For example, in London, the Climate Change
Action Plan recognizes the ‘difficult truth is that in preparing
this action plan we have been unable to present any realistic
scenario in which we can achieve the 2025 target ...
without major national regulatory and policy change’.'%?

However, actions to reduce GHG emissions may be
achieved in cases when municipalities have limited direct or
formal powers. First, policy goals can be integrated across
different levels of government enabling action. A study of the
climate change responses in Helsinki (Finland) shows how
energy consumption in the built environment is determined
by European Union (EU) regulations, such as the Energy
Performance of Buildings, national regulations, municipal
regulatory oversight, and voluntary agreements between
energy companies and government departments. In this
policy area, ‘the different levels of governance are working
well together ... the city is implementing energy perform-
ance policies by implementing the building code and granting
energy aid, and also by participating in the voluntary energy
conservation agreement scheme’,'9® whereas when it comes
to the promotion of renewable energy, policy initiatives at the
city level remain in contradiction with EU and national
policies of increasing renewable energy generation.

A second means through which municipal authorities
can overcome limited direct competencies for acting upon
climate change is through the development of the limited
opportunities that do exist. In Japan:

... regional and local governments have the
authority to take legislative action when the
national government itself has not enacted any
specific policies and measures toward climate
change, and the national government does not
prohibit them from doing so. Using this
opening, some governors and mayors have
introduced regional and local ordinances which
mandate businesses and industries to formulate
CO, reduction plans, introduce emission
trading in the regional and local area, or buy
renewable energy bonds. %

Third, there is considerable evidence that municipalities go
beyond their direct competencies in undertaking actions to
address climate change. For example, the carbon market
created by Rio de Janeiro (Brazil) could have impacts at the
national and international levels while creating partnerships
between public, private and civil society actors within and
beyond the city. The capacity challenges which emerge from
limited autonomy and competencies are only partially
derived from their relation with national government, but
are also dependent on their relation with other partners, and
on the ability of local governments to create an ‘enabling
environment for local civil-society action’.'®> Nonetheless,
for many municipalities, a lack of formal powers to address
climate change remains a significant barrier and is one
reason for the current focus on ‘self-governing’ across
municipalities. '

The third aspect of multilevel governance that is
significant in shaping municipal capacity concerns issues of

governance fragmentation at the local level and the internal
dynamics of municipalities. At the city-region scale, a key
issue concerns the fragmentation of urban governance
across multiple authorities. For example, a study of climate
responses in Mexico City finds that:

... the administrative structure of city’s gover-
nance differs from its boundaries and
carbon-relevant socioeconomic and ecological
functioning. Administratively, the city is
managed by diverse federal, state and local tiers
of government. Yet, the city functions as a
complex system; its core area and localities,
activities and households are interlinked by
economic interchanges and transportation
activities, by fluxes of materials and energy.'%’

Research has found that in ‘many cities expertise [of climate
change] is still concentrated in the environmental depart-
ment’.1%8 This potentially limits municipal capacity for two
reasons. First, environmental departments are often margin-
alized within municipal (and other) authorities and may be in
conflict with other parts of the local administration. Second,
the ‘cross cutting nature of climate change governance
means that environment departments or agencies are
frequently not able to implement the policies ... that are
required to address the problem’.'®® This challenge of
horizontal coordination has been exacerbated in many
countries in the wake of neo-liberal reforms, which have led
to the privatization or contracting-out of what were previ-
ously municipal services, increasing the number of actors
with whom policy coordination needs to be undertaken. For
example, in Johannesburg (South Africa), a process of ‘semi-
privatization’ has occurred within the local authority that
‘creates a silo effect where communication between differ-
ent agencies, utilities and the city administration are
fragmented’, reducing municipal capacity to address climate
change.'7% In this context, ‘mainstreaming, coordination,
and cooperation across government agencies is vital’.!”! In
some cities, this is being achieved through the development
of new administrative and institutional structures, such as
special units or agencies which coordinate climate change
policies. For example, in London (UK), a Climate Change
Agency has been established, while in Zurich (Switzerland),
an environmental protection unit has been established to
supervise climate policy.!”2 However, ‘where there is a lack
of capacity to do this joining up it is clear that the potential
of local climate change strategies is curtailed’.!”3

m Policy implementation and enforcement

A second set of institutional factors that shapes urban climate
change governance capacity is the ability to implement and
enforce policies and measures. In many policy areas, municipal
authorities, particularly but not exclusively those in develop-
ing countries, are unable or unwilling to enforce regulations
and standards. For example, in Nigeria increasing energy
efficiency in the built environment and appliance sectors
suffers from ‘noncompliance resulting from lack of enforce-
ment of the standards ... exposing the Nigerian Energy



Market ... and hence the consumers to all kinds of sub-
standard technologies (of course energy inefficient) which
may have even been outlawed in their countries of manufac-
ture’.!”* In the Ukraine, research has found a similar situation
characterized by a lack of building standards for energy
efficiency coupled with the poor enforcement of those that
exist.!” The effectiveness of energy standards may be particu-
larly low in developing countries, given difficulties with
enforcement and corruption.'”® However, ‘even in developed
countries, the estimated savings from energy codes range from
15-16 per cent in the US to 60 per cent in some countries in
the EU’, suggesting that both the levels at which standards are
set and the ways in which they are implemented vary signifi-
cantly from country to country, in turn affecting the capacity
of municipalities to address GHG emissions.'”” The avoidance
and corruption of regulations is also a critical challenge. In
Indonesia, research found that ‘while zoning permit is theoret-
ically supposed to be a tool to control land use, in reality
corrupt practices have rendered it ineffective’.!”® However,
while at least part of the problem of policy implementation
may be laid at the door of corrupt practices or deliberate
avoidance, it also stems from the use of inappropriate policy
approaches and models. For example, in many developing
countries ‘the application of imported models of urban
planning and government that proved inappropriate to local
contexts and possibilities’ has served to limit the access of
poor communities to land for housing, in turn provoking the
emergence of informal settlements and other slums that do
not comply with building and planning regulations.”?

Equally, the challenges of implementation are not
confined to municipal authorities. Given the voluntary
nature of many of the schemes being developed by the
private, civil society and donor communities in cities to
address climate change, issues of compliance, monitoring
and verification of achievements also affect urban gover-
nance capacity. First, significant challenges exist in terms of
reliably estimating the GHG emissions reductions attributa-
ble to specific schemes, a factor which has so far limited the
use of the CDM in urban areas. '8 Second, issues of account-
ability are also significant. While most schemes rely on
self-reporting, there is a growing movement for civil society
actors to be involved in processes of verification, such as the
development of the Gold Standard for CDM and voluntary
carbon markets. '8!

Technical, material and financial factors
shaping urban governance capacity

A second set of factors that provide opportunities and
constraints for urban responses to climate change mitigation
include issues of technical expertise, the material infrastruc-
tures and cultural practices that determine the possibilities
for action, as well as the financial resources available.

m Expertise

There are two main ways in which the availability of scien-
tific expertise and knowledge has shaped urban governance
capacity for mitigating climate change. First, the growing
scientific consensus internationally about the nature of the
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climate change problem and the need for urgent action has
been a motivating factor for many municipalities. As the
scientific community has advocated increasingly stringent
targets for reducing GHG emissions in order to minimize the
risk of exceeding a 2°C warming of the atmosphere, cities
have responded with ever more ambitious policy goals.
London (UK), for example, has adopted a target of stabilizing
‘CO, emissions in 2025 at 60 per cent below 1990 levels,
with steady progress towards this over the next 20 years’.!82
In 2002, the City of Melbourne (Australia) adopted a target
of reaching ‘zero net emissions’ by 2020, an approach that
has been adopted by a number of other municipalities in the
metropolitan area.'83 Equally, the growing scientific consen-
sus surrounding the issue of climate change has been a
significant factor influencing the growing importance of the
issue on the agendas of private-sector and civil society organ-
izations, leading to their mobilization and involvement in
various initiatives.

Second, scientific knowledge has also been significant
in the development of local inventories and forecasts of GHG
emissions.'® Such inventories are primarily derived from
‘scaling down’ regionally and nationally available data, which
provides a general overview of the likely pattern of GHG
emissions and potential areas of future growth. Some
municipalities have sought to derive such inventories from
‘the bottom up’. One example is Newcastle (Australia),
where community-wide GHG emissions derived from
consumption data, and the equivalent GHG emissions from
electricity use are updated hourly and reported on the inter-
net, on a billboard in the city and in a weekly television news
report.'8> However, most local authorities lack the resources
to develop such inventories, while those that have sought to
develop a comprehensive picture of GHG emissions across
the city have found their efforts constrained by a lack of
data, much of which is either not collected on a routine basis
or regarded as commercially sensitive by energy providers, 18
While the lack of data and the expertise or resources to
gather and assess it is a constraint on the ability of munici-
palities to measure progress towards policy targets, it is clear
that — for the majority of cities — a comprehensive picture of
urban GHG emissions may be an impossible goal. It may be
better to focus efforts on deriving a general overview of
where policy attention should be directed.

Beyond the scientific realm, other sources of expert-
ise are also important. The example of Durban (South Africa)
shows the municipality’s difficulties in participating in inter-
national actions such as the CDM because of a lack of staff
training.'8” Once this training is completed, employees may
choose to move on to more profitable private-sector jobs to
develop the same projects. In addition, local authorities may
have little access to recent developments in architectural
and engineering professions. For example, in Nigeria, ‘lack
of information on trends in energy efficient architecture by
professionals is a formidable obstacle. This has also encour-
aged lack of energy conscious building standards and
regulations.’'8® Skills shortages, however, are not exclusive
to developing countries, although they may be more severe
and may affect other aspects of sustainable development not
directly connected with climate change.
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® Urban systems: Infrastructures and
cultural practices

Opportunities and constraints facing the urban governance
of climate change are also structured by the social and
technical networks that constitute cities — a ‘seamless web’
of material infrastructures and everyday practices that
sustain them.!® The first challenge that this raises for the
capacity to mitigate climate change is that of urban morphol-
ogy and design. The opportunities for reducing demand for
travel, for example, in a city characterized by urban sprawl or
the rapid development of informal settlements at the periph-
ery will be very different from those in a historically compact
urban settlement, and urban decision-makers may find their
choices heavily constrained by existing infrastructure
networks and spatial form.!% Rather, the comparison of
transport systems between Singapore and New York (US)
suggests that a range of factors, including fuel pricing and
tourism, will be able to shape urban form alongside urban
planning.'%! Equally, traditional practices of building design
can provide significant barriers to the development and
implementation of mitigation measures. In the Ukraine,
research finds that:

... communal services, predominantly heating,
are still very inefficient. Outdated systems in
poor condition and high losses due to insuffi-
cient maintenance as well as no possibility for
heat adjustment are the main reasons for the
bad performance ... the efficiency in using
energy resources in the building stock in
Ukraine is 4-5 times lower than in western
countries.'%

In Nigeria:

... most buildings seem to be replicas of build-
ings in European countries in shape and form
despite marked differences in climatic condi-
tions... Window sizes and openings have not
responded to physiological comfort thereby
necessitating the use of mechanical devices for
increased air movement. The choice of
windows tends to be in response more too
aesthetic needs rather than physiological
needs.'%

Such traditional practices, whether as a result of particular
political regimes or the importation of so-called ‘modern’
design, can have a detrimental effect on the capacity of cities
to respond to climate change.

A second challenge arises from the nature of the infra-
structure systems that supply services, such as energy, water
and waste collection, as well as existing building stock. For
example, in Helsinki (Finland), the EU target of increasing
renewable energy to 20 per cent of energy supply by 2020 is
seen as limited by the current district heating network in
which biofuels are regarded as the only potential, but still
costly and potentially ineffective, option.!%* The introduc-
tion of new vehicle fuels, such as in London’s (UK) ambitious

plans to create a ‘hydrogen economy’, are limited by the
network of refuelling stations which may encounter local
opposition during the planning and development process.'%>
In Iran, the programme to substitute fuels by compressed
natural gas has been clearly limited by the existence of
fuelling stations; while 180 filling stations are planned, the
pilot programme in Tehran will include only 2.1%

m Financial resources

Financial resources are both a driver and a barrier to foster-
ing urban responses to climate change. Municipal author-
ities lacking the finances to provide even basic services for
their constituents are unlikely to invest in climate change
mitigation, given the many competing issues on urban
agendas. A lack of basic service provision in cities in develop-
ing countries, and especially for those living in informal
settlements, can reflect ‘local governments lacking the
resources to meet their responsibilities — and often with
very limited capacities to invest (as almost all local revenues
g0 to recurrent expenditures or debt repayment)’.'%”

Alack of finances to invest in basic service provision
and in the development of urban infrastructures means that
issues of climate change mitigation are far from a priority,
and even where there is commitment to act, financial
constraints may prevent the implementation and enforce-
ment of policy goals. For example, in Tuzla (Bosnia and
Herzegovina), the municipality had to drop proposals to tax
the air pollution emissions of the local coal-fired power plant
because of the lack of initial resources to administer the
programme and the lack of support at the national level,!%
While this is an acute challenge for cities in developing
countries, a lack of adequate finance can also act as a barrier
to action on climate change mitigation in cities in developed
countries. For example, in the UK local authorities are
bound by strict central government controls over their
finances, and their ability to provide capital for infrastruc-
ture projects and service provision is limited. At the same
time, increasing pressure on local government finances has
meant that limited funding is available for even small-scale
projects.!® Often, finding a source of finance is not the only
problem: allocating the resources in an efficient way is also
challenging (see Box 5.17).

Equally, rather than a lack of financial resources,
action can be impeded by the financial reporting and distri-
bution mechanisms in place in an organization. For example,
in Sao Paulo (Brazil), research has found that issues of finan-
cial resources, surprisingly, are not a key factor shaping the
early stages of the development of climate policy and that
‘institutional difficulties in reinvesting resources, rather than
actual lack of resources, were reported as the main obsta-
cle’.2% A significant factor shaping the capacity of municip-
alities and other organizations to respond to climate change
at the urban level is therefore the ability to establish novel
mechanisms for distributing funding internally to facilitate
investment in particular policy measures. This is one area in
which political champions or policy entrepreneurs (explored
in the section below) have been particularly important in
overcoming the ‘inflexible hudgetary structures’®’! for
which municipal authorities are usually renowned.
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Box 5.17 Distribution of resources for climate change mitigation in Mexico City

Mechanisms that have been established to leverage internal
sources of funding include revolving energy funds (where
financial savings from energy efficiency are reinvested in
energy conservation or other climate change projects),
energy performance contracting and the establishment of
energy service companies (wWhere external organizations or
companies established by municipalities invest in energy
efficiency measures and profit from the financial savings
made).?%? In Japan, several local governments are operating
local energy service companies that are achieving energy
savings of more than 10 per cent.?%

Access to external sources of funding is also a key
factor shaping local capacity to address climate change. Such
sources of funding may come from the EU, national govern-
ments, through partnership arrangements, or donor
organizations. International municipal networks, such as
ICLEI’s CCP campaign and the C40, have been critical in
leveraging funding for municipalities. One recent initiative
in which the C40 is involved is the Carbon Finance Capacity
Building Programme?®* that ‘encourages the use of Carbon
Finance to reduce GHG emissions in cities, in particular
emerging mega cities’ in developing countries.2%> National

governments are also an important source of direct funding
for municipal responses to climate change. In The Nether-
lands, the Klimaatcovenant is a multilevel arrangement
within which cities are required to complete a performance
assessment of their targets, policies and measures and are
given funding according to their achievements and popula-
tion or area for the implementation of climate plans.?% In
the US, many climate change mitigation measures have bheen
associated with philanthropic activities. For example, the
development of the Plaza Apartments in San Francisco by the
Public Initiatives Development Corporation was supported
by grants from a private utility, Pacific Gas, and a partnership
between 31 financial and energy multinationals.

One comparatively new source of funding, and one
that to date has had little impact upon the development of
urban mitigation efforts, is that of carbon finance. As noted
in Chapter 2, there are two principal sources of carbon
finance: the CDM, and that from emissions trading.?%” In
Sao Paulo (Brazil), the use of the ‘methane from the
Bandeirantes landfill (one of the largest in the country) for
producing electricity’ was financed by the CDM, and it has
been estimated that this action alone has reduced the city’s
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emissions by 11 per cent. The resulting carbon credits were
sold, raising significant finances for investments in ‘social
projects in the area of the landfill’.?% Similar projects are
being implemented in Mexico City, Quito (Ecuador), Lima
(Peru) and Johannesburg (South Africa). As this example
suggests, CDM projects may also have significant social
benefits when they are targeted at low-income sectors of the
population, such as is the case in the Kuyasa development
project in Cape Town (South Africa),%° although there is
significant controversy over whether the ‘development
dividend’ of the CDM will be realized in this project, or in
general.2'9 As noted in Chapter 2, as of December 2009,
only a small percentage of the CDM projects that had been
registered worldwide were located in urban areas, and more
than 90 per cent of these were in the solid waste sector.?!!
The main problem for city authorities in terms of making use
of international funding mechanisms such as the CDM is
related to the lack of an effective city-wide approach to
carbon financing. In Amman (Jordan), the Amman Green
Growth Programme represents an innovation in this field as
the first city-wide CDM programme worldwide, focusing on
waste, energy, urban transport and urban forestry sectors.?2

The lack of urban CDM projects reflects both the
complexity of the processes involved in the design and verifi-
cation of projects, the lack of available and consistent data,
the problems of ascertaining ‘additionality’ where a number
of factors may shape GHG emissions reductions, and the
finances involved, with evidence suggesting that projects
that seek to reduce demand for energy generate lower rates
of financial return than large-scale energy supply or indus-
trial projects.2!3 For example, ‘a transport study of Santiago,
Chile ... found that costs associated with a bikeway system
and improved bus technology for 462 buses achieved very
limited benefits as a CDM project’.?! The following have
been identified as the main barriers to expanding the use of
the CDM in urban areas:

*  Small individual projects: typical projects in cities
(except for waste management projects in large cities)
are small and yield small volumes of emission
reductions.

*  Repeated clearances from the same local authority for
different projects: for each project activity, developers
need to seek approval, which can be time consuming
and cumbersome.

* Lack of good ‘bundling’ agents: due to different budget
processes and approval timelines, bundling projects
across several cities is a complicated process, which is
exacerbated by the fact that very few public agencies
have the mandate or capacity to bring together different
city governments and mobilize project activities.

* Lack of strategic planning by the city: piecemeal assess-
ment of projects, proposed by developers, prevents
local authorities from taking a holistic view of their
development plans and opportunities to reduce GHG
emissions.

* Lack of opportunity to structurally build the capacity of
local authorities to identify GHG mitigation opportunities
and to monitor emission reductions: the lack of strategic

thinking results in continuation of business as usual,
generally in the form of breakdown orientation (i.e.
replacement only when equipment is broken beyond
repair), minimum maintenance (only when reported
broken) and least cost-based purchase of equipment
(due to budget restraints).21>

Political factors shaping urban
governance capacity

Political factors that shape the opportunities and constraints
of urban climate governance can be considered in terms of
issues of leadership, questions of opportunity, the framing of
the costs and benefits of acting upon climate change, and
underlying structures and processes of political economy.

m Leadership

The opportunities afforded by two different forms of leader-
ship — at individual and organizational levels — have also been
critical in shaping governance capacity to address climate
change in cities (see Box 5.18). Several studies have demon-
strated that individual political champions or policy
entrepreneurs have been critical to the development and
pursuit of policies and projects at the urban level.2!® One
example can be found in London (UK) where former Mayor
Ken Livingstone was a key figure in the development of
ambitious policy targets and the formation of the C40.
Operating both within and outside of the public eye, such
individuals are critical in getting climate change on the
agenda of municipal and private-sector organizations, coun-
tering opposition, forging coalitions, developing policies, and
advocating particular goals and measures. Evidence suggests
that the initiation and uptake of climate change mitigation
on urban agendas is usually dependent on the presence of
one or more political champion or policy entrepreneur. A key
factor reducing urban governance capacity for addressing
climate change may therefore be the lack of committed
individuals. However, such individuals are not sufficient for
sustaining policy action because of the barriers that they may
encounter and the often temporary nature of their role
within any one organization.?!” For example, in Durban
(South Africa), Mexico City and Sao Paulo (Brazil), research
has found that the effectiveness of individuals and of the
coalitions that they form is constrained by the institutional
and federal government contexts within which they
operate.?!8

At the organizational level, leadership is also an
important factor in shaping urban governance capacity.
Opportunities to be at the forefront of initiatives amongst a
peer group — for example, to be the first municipality to
deploy a technology, adopt a certain target or achieve a
particular measure — have provided the impetus for action in
the urban arena. Such initiatives play on the growing impor-
tance of climate change as a means of fostering organiz-
ational reputation, both within municipalities and across the
corporate sector. International networks seeking to foster
urban responses to climate change have, in turn, provided
various means for recognizing and rewarding such leader-
ship, such as the Climate Alliance Climate Star award and



CCP Australia’s Outstanding Council Initiative award, in turn
promoting such forms of leadership. At the same time, being
part of a ‘leadership group’ has also fostered capacity
amongst both public- and private-sector actors to address
climate change. The C40 is a case in point with its emphasis
on being a ‘climate leadership group’.?!?

Within cities, public—private partnerships or voluntary
agreements amongst private-sector organizations also rely on
notions of leadership and innovation. One such example is
the recently launched Forward Chicago initiative, orches-
trated by the Climate Group and the mayor of Chicago and
intended ‘to engage Chicago’s leading businesses in public—
private partnerships to implement selected climate initia-
tives’.220 However, this emphasis on the importance of
leadership can also constrain municipal capacity to respond
to climate change in several important ways. First, it is
clearly impossible for every municipality or private-sector
actor to ‘be the first’ to address climate change and the
danger arises that an emphasis on innovation will mean that
mitigating climate change fails to be adopted as part of
mainstream urban policy. Second, leadership groups are, by
their very nature, exclusive, with the result that a two-tier
approach to addressing climate change in urban areas could
be fostered in which the ‘best’ cities attract resources and
political support, leaving ‘the rest’, where the majority of
GHG emissions lie, behind.

® Windows of opportunity

The presence of committed individuals and an institutional
framework within which acting on climate change is
supported provides a basis upon which windows of opportu-
nity can be used to further climate change policy ambitions.
Such opportunities can take the form of specific climate
change initiatives, triggering events that create the political
and physical space for interventions in the city, or sources of
funding or political support that can be diverted for climate
change ends.

In terms of climate change initiatives, the participa-
tion in international and municipal networks frequently
provides windows of opportunity for member municipalities.
For Seoul (Republic of Korea), membership of the C40 and
the hosting of the 2009 summit of that network provided a
basis for galvanizing action in the city. The invitation to Luis
Castafieda Lossio, mayor of Lima (Peru), to make a plenary
presentation about the climate change initiatives in the city
in the 2009 summit propelled the adoption of climate
change mitigation measures, including the use of natural gas
in city buses and the municipal fleet and the establishment
of individual grants for exchanging old cars for gas-fuelled
ones.

Research suggests that major urban events, such as
sports competitions, can be significant triggers for actions to
address climate change, providing both the political profile
to what might otherwise be routine infrastructure projects,
as well as the finances and motivations to undertake whole-
sale infrastructure replacement programmes. For example,
before the 2010 FIFA World Cup, Cape Town (as well as
other major cities in South Africa) was seeking to develop
BRT systems??! with the aim of achieving a 10 per cent

Climate Change Mitigation Responses in Urban Areas

Box 5.18 Political leadership models in Los Angeles, US

increase in rail transport use and a 10 per cent decrease in
private vehicles commuting into city centre between 2005
and 2010. The 2008 Olympic Games in Beijing (China), the
2006 Winter Olympic Games in Turin (Italy) and the 2006
FIFA World Cup in Germany have all been recognized as
events triggering significant environmental action (see Box
5.19).

A further means through which windows of opportu-
nity are exploited to address climate change occurs where
there is a degree of commitment to action on the issue, and

Box 5.19 Trigger events in Beijing, China
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sources of additional funding can be diverted to support
policies and measures. For example, in Sao Paulo (Brazil),
the ‘need [for] controlling air pollution was a window of
opportunity for implementation of climate change related
policies’.2?? Similarly, in Rio de Janeiro (Brazil), the federal
government’s commitment to build 1 million low-cost
energy-saving houses in disadvantaged neighbourhoods by
2010 provided the opportunity to experiment with and
implement energy-efficient construction materials.??®

m Issue framing and the realization of
co-benefits

The bundling of climate change mitigation with other poten-
tial social or environmental benefits at the city level may be a
potential trigger of climate change action and a factor that
may determine the long-term success of the initiatives. The
issues that may influence climate change mitigation actions
are varied and depend largely on local conditions.??4

The examples discussed in this chapter show that a
wide range of potential co-benefits may be associated with
climate change mitigation. Overall, initiatives in the built
environment are often associated with energy savings or
with issues of social justice, particularly when actions are
associated with developments or improvements targeting
low-income population sectors. Energy efficiency program-
mes are often linked with financial savings. This may be
particularly significant for municipalities as ‘local govern-
ments have come to realize the link between energy saving
and climate change. They can claim credit for action on both
issues even though they only take action related to energy
saving; they are in essence Kkilling two birds with one
stone.’??> Actions related to urban infrastructure may bring
direct benefits in terms of improvement in access, affordabil-
ity and service. In Lagos (Nigeria), climate change mitigation
initiatives in the waste sector are linked to improvements in
the service and reduction of pollution from waste burning.
Actions in the transport sector are associated with reducing
congestion and reducing air pollution, through, for example,
BRT and congestion charges. Finally, carbon sequestration
programmes, particularly those linked with urban tree-plant-
ing, are often associated with ideas of city beautification,
such as the Greening Soweto proposal in Johannesburg. The
combination of social justice and sustainable development
concerns may open windows of opportunity for the advance-
ment of climate change mitigation actions.

Such strategies may be particularly important in
contexts of ambiguous or overtly hostile responses to
addressing climate change in cities. However, joining climate
change mitigation initiatives with other co-benefits may also
have downsides. For example, linking climate change with
the local sustainability agenda may mean that climate change
actions need to be limited to those about which consensus
can be reached, while issues that require a stronger commit-
ment may be dropped. For example, energy efficiency
measures can generate consensus between government
authorities, industry and civil society about their environ-
mental and economic benefits. On the other hand, measures
to control and limit the demand for energy and transport
may be discouraged. Similarly, despite its achievements in

creating a right of way for pedestrians, the Pedestrian Rights
Charter in Porto Alegre (Brazil) was approved only when a
number of considerations that restricted individual motor-
ized transport in the city were dropped. Furthermore, the
benefits of such initiatives are unlikely to be equally shared,
and ‘There are many examples of environmental projects in
cities that have served only the narrow interests of wealthier
groups, or that have included an active anti-poor political
agenda.’%% In this manner, advocating the need to address
climate change may further entrench existing inequalities
within cities.

® Urban political economies:
Conflicting agendas

At the most fundamental level, struggles have emerged over
whether cities should or should not be addressing climate
change. In many cities, the arguments ‘not on my turf’ and
‘not in my term’ are prevalent, particularly in developing
countries where resources are limited and other concerns
are more pressing.?’ In these cases, ‘subnational govern-
ments may be overloaded with other local demands, and
climate policy may be down on the list of priorities’2%8

In more affluent urban contexts, efforts to mitigate
climate change are often in direct conflict with dominant
urban political economies. The very factors that are regarded
as driving urban growth — including the availability of cheap
land at the urban fringe, short payback periods on capital
investment, increased personal mobility, and the growing
consumption of energy- and resource-intensive goods and
services — are also those which contribute to rising GHG
emissions.??” In this context, initiatives which seek to change
patterns of production or to reduce levels of consumption may
encounter significant opposition. These issues may be particu-
larly pressing for cities in developing countries, where ‘GHG
mitigation has a negative connotation because of the percep-
tion that this will deny them of their basic right to growth in
human services and economic activities; the prospects of
“reduced growth” or “no growth” are not feasible’.230

Climate change mitigation can contribute to create
conditions that favour sustainable development, as discussed
above. However, this is not a given, particularly in those
cases in which climate change mitigation (and other environ-
mental concerns) have been used by urban elites to attack
the interests of the urban poor.23! In particular, researchers
have identified two areas in which mitigation may have
serious social consequences for urban populations in devel-
oping countries: when it detracts attention from adapt-
ation®® and when mitigation measures have impacts in
particularly disadvantaged sections of the urban popula-
tion.?33 For example, street-lighting programmes which
promote the substitution of standard bulbs by lighting
innovations such as light-emitting diodes (LEDs) — such as
the one promoted by the Climate Group in Mumbai
(India)?** - may direct investments to affluent areas where
lighting infrastructure is already in place, while detracting
investments from developing lighting infrastructure in the
wide slum areas of the city.

Such tensions between dominant forms of urban
growth and climate change mitigation are, however, also



discernible in cities in developed countries. In the US, for
example, climate change mitigation is likely to be prioritized
in those communities which are most likely to be affected by
the impacts of climate change, and those with a ‘liberal’
political constituency.?3> In the UK, climate change initia-
tives in the transport sector have been undermined by the
priority given to economic considerations and the stress on
the need to increase the demand for travel.?3 The long-term
experience with transport regulation and urban economy in
Arhus (Denmark), however, suggests that the focus on
individual motorized transport is not always the best or the
only strategy to improve the local economy.?3” That such
alternatives are often overlooked may be due to the ways in
which the scope for municipal action on climate change is
predetermined by neo-liberal political and economic condi-
tions. For example, research in Portland, Oregon (US), found
that climate actions were confined to:

... elements of energy consumption that could
be influenced in an acceptable way by the
municipal government. Energy used in flights to
and from Portland International Airport, for
instance, was excluded. Also excluded were the
significant amounts of energy used in importing
and exporting commodities, and the energy
actually embodied in commodities.*3

COMPARATIVE ANALYSIS

As demonstrated above, cities across the world are undertak-
ing a range of measures to address climate change
mitigation. From a handful of pioneering cities during the
1990s, the number of urban municipalities participating in
climate change mitigation efforts has expanded significantly
over the past two decades. Alongside a growing number of
cities in developed countries, the analysis presented in this
chapter suggests that climate change mitigation is becoming
an increasingly important issue for cities in developing
countries as well. Most urban mitigation efforts have been
implemented after the adoption of the Kyoto Protocol, with
many initiatives, especially in developing countries, dating
from the mid 2000s. This reflects the changing international
and national climate change policy context in which develop-
ing countries with growing contributions to global emissions
— including China, India, Brazil, Mexico and South Africa —
are becoming involved in mitigation efforts. It is also sympto-
matic of what has been described as an era of ‘governance
experimentation’ emerging as a result of the fragmentation
of authority for governing climate change between public
and private actors, and a growing dissatisfaction with the
outcomes of national policy processes and international
negotiations.?” Despite the growing profile of climate
change as an urban issue, data on the strategies and
measures being adopted in cities across the world are
limited, especially for cities in developing countries. Equally,
where the development of policy and the implementation of
measures have been documented, evidence concerning the
impacts and effectiveness of climate change mitigation
measures is scarce. In this context, detailed comparative
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analysis of urban climate change mitigation efforts is not
possible, though some key trends can be observed.

First, the analysis in this chapter suggests that climate
change remains a marginal issue for most of the world’s
cities. Relatively few cities, especially in developing coun-
tries, are explicitly seeking to address climate change mitig-
ation, and where this is the case, policy-making is largely
confined to the environmental domains of municipal govern-
ments and, furthermore, the issue of climate change
mitigation is one of concern primarily for urban elites.
Although there are growing expectations in developed
countries for action on climate change by municipal govern-
ments and other urban actors (e.g. in the UK, local
authorities are required to prepare climate change mitigation
(and adaptation) plans; and in the US, the Mayors Climate
Protection Agreement has attracted a significant following),
there is limited evidence that this is being approached in a
strategic or comprehensive manner.24? In regions where
rapid industrialization and urbanization is taking place (e.g.
cities in Latin America and Asia), there is a growing interest
in climate change mitigation. This is, for instance, the case
for cities such as Sao Paulo, Porto Alegre and Rio de Janeiro
in Brazil; Mexico City; Beijing and Shanghai in China; and
Jakarta in Indonesia, where climate change initiatives have
proliferated during the last four to five years, not only in a
piecemeal fashion, but also in the form of articulated and
coordinated climate change action plans. It should also be
noted that some developing countries, such as the Philip-
pines,?4! have adopted national frameworks within which
municipalities should address climate change mitigation.
However, with limited data available, the extent to which
such initiatives are taking place in other cities in developing
countries is not clear.

Furthermore, the analysis presented in this chapter
suggests that governing climate change mitigation is prima-
rily being undertaken by municipal governments, although
forms of partnerships and the involvement of private actors
is increasingly becoming important. There are relatively few
examples of inclusive and participatory approaches to urban
climate change mitigation governance. In particular, issues of
gender have received minimal attention.?*? Seeking to
broaden the basis upon which climate policy is formulated
and implemented is a critical challenge for cities. Women'’s
participation in climate change decision-making at the local
level may play a specific role in supporting sustainable
lifestyles, developing alternative forms of engagement with
the environment and challenging traditional patriarchal
models of urbanization and planning.

Asecond set of trends indicated by the analysis in this
chapter concerns regional differences in terms of what cities
are doing and how they are doing it. For example, urban
responses to climate change are more common in developed
than in developing countries. While international commit-
ments and national policy frameworks have provided
important drivers for these cities, the cases of the US and
Australia — where significant action has been taken at the
urban level despite the withdrawal of both countries from
the Kyoto Protocol — highlight the ways in which municipal
governments have also pioneered climate policy.24®
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Box 5.20 Obstacles to climate change mitigation actions in Durban, South Africa

Nonetheless, the development of international and national
policy commitments to address climate change in some
developing countries — notably, China, India, Brazil, Mexico
and South Africa - is also driving a growing policy interest in
the issue at the urban level. The development and spread of
international, national and regional municipal networks has
also provided a key driver for municipal responses in devel-
oped countries, and the expansion of these networks to
include cities in developing countries is one important
reason for their growing participation in climate change
mitigation. In developing countries, mitigation initiatives
have also often been linked with adaptation responses,
taking advantage of the potential synergies between both.%**

The differences between developing and developed
countries, however, are more apparent when examining the
measures and mechanisms which have been developed to
address climate change mitigation. In developed countries,
emphasis has been placed on the energy sector through
urban design and development, the built environment and
urban infrastructure systems. In developing countries, cities
have focused on a more diverse range of urban infrastruc-
ture projects, including waste and water systems, as well as
issues of carbon sequestration. Those schemes which have
been undertaken in the urban development and design
sector in cities in developing countries have tended to focus
on flagship projects, which are often socially and economi-
cally exclusive, in contrast to the involvement of civil
society groups and an emphasis on smaller-scale brownfield
regeneration projects in developed countries. This may
reflect the urban morphologies of these different cities —
brownfield sites are likely to be uncommon, particularly in
the rapidly industrializing cities in developing countries — as
well as the availability of resources for creating ‘sustainable’
housing.

While projects in the built environment in developed
countries have tended to focus on municipal and residential
buildings, in developing countries attention has been given
to commercial buildings. This reflects the fact that in devel-
oped countries, the major challenges in the built
environment are related to retrofitting the housing stock, as
new developments are gradually incorporating more efficient
designs and materials, whereas the contribution of residen-
tial dwellings to GHG emissions in developing cities is likely
to be minimal for the vast majority of the housing stock.
Furthermore, the focus on commercial buildings reflects the
growing involvement of private-sector actors in addressing
climate change mitigation in developing countries. The
evidence presented in this chapter also suggests that initia-
tives in developed countries are often achieved through
processes of self-governing and enabling, while in developing
countries, modes of provision, both public and private, have
been more significant. Despite these differences, there are
relatively few examples of the development and use of alter-
native energy technologies or of explicit policies to tackle
climate change in the transport sector in both developed and
developing countries.?4>

However, this broad brush differentiation between
developed and developing countries obscures the differ-
ences that are emerging within these regions. Urban
development and design initiatives in North America,
Australia and New Zealand focus on compact city principles
and mixed developments to address the historical conditions
of suburban development and urban sprawl. However, trans-
port-related initiatives are relatively rare, particularly in
terms of limiting and controlling the demand for individual
motorized transport and the development of mass transport
systems. This contrast with countries in Europe, where there
is a growing proliferation of examples to promote demand



management and enhancement in transport, while develop-
ing or modernizing the public transport infrastructure. Cities
in Africa and Latin America and the Caribbean have empha-
sized actions in urban infrastructure systems, particularly in
those cases in which upgrading the infrastructure alone can
lead to significant gains, such as is the case in the waste
management system in Lagos (Nigeria).2%0 In these regions,
there is evidence that measures being undertaken in the
built environment and urban development and design
sectors are seeking to address issues of social equity.
However, in Asia, new urban developments are emerging
where high-income groups are able to create their own
communities — often informed by green values in terms of
nature protection and resource conservation, but with less
regard for amelioration of social inequalities. Driven through
partnerships of private and public agencies, large urban
development projects that incorporate climate change
mitigation concerns are taking place. However, concerns
have been expressed about the impact and effectiveness of
such schemes in climate change terms, and also because
they may have important environmental justice implications
for the social groups who are excluded from these partner-
ships.

A third set of trends relates to the differences in the
opportunities and constraints that municipal governments
and other actors face in seeking to mitigate climate change.
Clearly, the resources available to act upon climate change
are significantly different between cities in different regions,
as well as between actors within individual cities. For many
cities in developed countries a lack of resources is seen as a
critical barrier to action, though these challenges are consid-
erably higher for cities in developing countries. Analysis in
this chapter also suggests that a lack of expertise, of institu-
tional capacity and of the ability to develop and enforce
policy — as well as historic issues of underinvestment in
urban infrastructures, informal settlements and persistent
poverty — pose significant challenges for cities in developing
countries seeking to address climate change mitigation. The
example of Durban (see Box 5.20) explains the interaction of
multiple obstacles to climate change mitigation in a city in
South Africa. In order to address these issues, linking
climate change actions with their potential co-benefits
appears to be crucial, particularly when these are linked with
social and environmental justice objectives to improve the
quality of life of the most disadvantaged sectors of the
population. Examples such as the Kuyasa housing project in
Cape Town (South Africa) and housing projects in Buenos
Aires (Argentina) and Rio de Janeiro (Brazil) are encouraging;
but their prominence is still relatively low, particularly when
compared with the emphasis on the development of exclu-
sive new urban developments. Furthermore, while inter-
national policy instruments (such as the CDM), public-
private partnerships and international networks may be able
to bring a degree of resource and support for climate change
activities, there is, to date, mixed evidence of their impact
upon fundamental issues of economic deprivation and social
inequalities. In developed countries, the impacts of focusing
upon co-benefits are less clear cut. While such approaches
can generate political support, they could also lead to the
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watering down of climate change commitments or to a focus
only on those initiatives that can yield economic benefits in
the relatively short term, detracting attention from more
fundamental issues concerning how (and by and for whom)
energy is provided, the levels of personal mobility that can
be sustained, and the relationship between consumption,
growth and climate change.

Despite the significant constraints facing urban
climate change mitigation efforts, as the evidence docu-
mented in this chapter illustrates, cities are taking important
measures to address the issue. The combined effects of insti-
tutional structures, financial resources, the social and
material make-up of urban infrastructure networks, and
political support have created the capacity for significant
advances for climate change mitigation. This capacity is not
only unevenly distributed regionally and between different
countries. Research also suggests that a growing divide may
be emerging between cities. Municipal governments and
other urban actors with initial capacity in some cities are
able to capitalize on opportunities for funding, political influ-
ence, access to international organizations and international
networks, and partnerships to build on their efforts, while
others lack the wherewithal needed to access these
resources.?*” Efforts by international networks, private-
sector actors and international donor agencies to target a
small number of global and megacities as arenas within
which to mitigate climate change may exacerbate this divide.
As a result, rather than being regionally differentiated,
future urban climate change mitigation efforts may be
characterized by differences between an elite group of cities
with access to substantial resources, those (primarily in
developed countries) who may be able to afford to undertake
initiatives to pick the ‘low hanging fruit’, and the vast major-
ity of cities for whom addressing climate change will remain
a low priority. Furthermore, the channelling of resources in
this manner may also serve to support the interests of urban
elites rather than addressing broader issues of sustainable
development and well-being. As discussed above, ensuring
that climate change mitigation can also address issues of
social and environmental justice will necessitate the partici-
pation of a broad constituency of actors and, especially in
developing countries, a focus on the multiple co-benefits
that such initiatives could generate.

CONCLUDING REMARKS
AND LESSONS FOR POLICY

Mitigating climate change is an increasingly pressing urban
issue. However, cities have very different starting points in
terms of their GHG emissions, related to issues of geogra-
phy, political economy, infrastructure provision and social
practices, and the capacity of governments, private organiza-
tions and civil society actors. Historically, cities in developed
countries have contributed the vast majority of GHG
emissions and bear the major responsibility to act. However,
as GHG emissions begin to grow in some developing
countries, there is also a need to consider what appropriate
and effective urban mitigation efforts might involve, and
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how they might be combined with the more pressing issues
of urban adaptation.

This chapter suggests, in line with previous
research,?*® that efforts to mitigate climate change in cities
face a significant paradox. Those strategies which can be
effectively implemented may have the least impact, while
those with the potential for the greatest reductions in GHG
emissions may be the hardest to achieve. On the one hand,
the most commonly implemented and effective strategies
are those which focus on reducing GHG emissions from
within the municipality (self-governing) and those which aim
to improve energy efficiency. As noted in Figure 5.1, the
waste, transport and buildings sectors appear to be the ‘low
hanging fruits’ of urban GHG mitigations. It should,
however, be kept in mind that the cost efficiency of inter-
ventions within these sectors varies considerably (see Box
5.17). This chapter suggests that the complex challenges
facing municipal governments — their partial autonomy in
critical policy sectors, the splintering of urban infrastructure
networks, the difficulties of meeting the basic needs of
urban citizens, and the controversial politics that accompany
efforts to divert from ‘business as usual’ — have limited the
extent to which urban climate change governance has
extended beyond the areas of direct municipal control. At
the same time, in contexts of competing aims and conflicting
agendas, focusing on energy efficiency has been a means
through which urban actors have been able to address multi-
ple agendas, including energy security, financial savings, air
pollution and fuel poverty, alongside climate change.

However, there has, to date, been limited assessment
of the impact of such measures. While focusing on municipal
GHG emissions alone will, in most cases, only account for a
small proportion of urban GHG emissions, energy efficiency
measures have the potential to achieve significant savings.
Examples of individual buildings, new urban developments,
the retrofitting of energy-efficient technologies and behav-
ioural programmes documented in this chapter have
demonstrated that energy efficiency could provide a crucial
component of urban efforts for climate change mitigation.
Furthermore, such initiatives have often provided the
impetus for the development of comprehensive climate
change strategies, as the financial savings and political influ-

ence gained within the city drive more ambitious policy goals
and the development of additional measures. Nonetheless,
such examples remain relatively small scale and isolated.
Against a rising trend of energy consumption and GHG
emissions, a critical question for future research and the
development of policy is therefore the extent to which self-
governing and energy efficiency initiatives can lead to
widespread and sustained changes in the ways in which
energy is used in cities.

On the other hand, measures which may have the
greatest impact upon urban GHG emissions, including the
provision of low-carbon and renewable energy infrastructure
systems, the reduction in demand for personal vehicle travel,
as well as enabling and mobilizing actions by communities
and stakeholders, have, to date, been less common. While
there are some promising signs that such initiatives are
taking place — in the development of new urban transit
systems in cities in developing countries, projects for urban
regeneration, and the growing involvement of a range of
private companies and community organizations — these
remain the exception rather than the rule. Evidence suggests
that such initiatives are most likely to be successful when
they demonstrate a range of additional economic, social and
environmental benefits, and where they attract the support
of key urban actors. While this can be a progressive process,
involving communities and stakeholders and addressing
issues of social and environmental justice, it can also be one
that serves the interests of particular urban elites and leads
to a politics of exclusion.

Importantly, the evidence presented in this chapter
suggests that the potential for urban climate change mitiga-
tion to address issues of social and economic equity is not
predetermined by the types of measure or governance mech-
anisms deployed. For example, projects to generate energy
from landfill sites can be undertaken as technical endeavours
with little regard for the impacts of such initiatives; but they
can also provide new forms of employment, sources of
funding for investment in poor communities, and a means of
generating secure and affordable energy. Ensuring that
mitigating climate change does not come at the expense of
addressing issues of inequity and justice is a critical
challenge for future policy-making.
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CLIMATE CHANGE ADAPTATION
RESPONSES IN URBAN AREAS

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 adapting to climate change over the
next decade. Action is urgently needed, both to address
current risks and to begin building into urban fabrics and
systems resilience to likely future risks. Most urban build-
ings and infrastructure are long lived; thus, what is designed
and built now will have to cope with climate change many
decades into the future. As a result, it is generally much
easier to make provisions now for likely future climate-
related risks — in infrastructure expansion, new buildings
and new urban developments — than to have to retrofit build-
ings, redo infrastructure and readjust settlement layouts in
the future.

As noted in Chapter 4, urban centres already concen-
trate a large proportion of those most at risk from the effects
of climate change. This includes a high proportion of urban
centres with very large deficits in infrastructure, as well as in
the institutional and financial capacity needed to reduce
these risks. Urban centres also concentrate the enterprises
that generate most of the world’s gross domestic product
(GDP) and provide livelihoods for around two-thirds of the
world’s economically active population.' In most urban
centres, buildings, infrastructure and services will have to
cope with an increasing scale and range of climate impacts.
Furthermore, as most of the growth in the world’s popula-
tion over the next few decades will occur in the urban
centres of developing countries? — many (if not most) of
which are already unable to provide adequate living condi-
tions for their populations — it is likely that a major
proportion of these new urban residents will be living in
settlements that do not have the needed resilience to
climate change.

Yet, adapting urban areas to climate change is not a
new ‘standalone’ task or responsibility that can be allocated
to one single stakeholder. It requires changes in the ways
that almost all sectors of government, business and house-
holds behave and invest. In addition, much of what is needed
to make cities resilient to climate change within the next
few decades is no more than ‘good development’ in the
sense of the infrastructure, institutions and services that
meet daily needs and reduce disaster risk. As this chapter
discusses, however, this is not easily achieved, as particular

institutions and funding sources are given responsibilities for
‘climate change adaptation’ not for ‘development that incor-
porates climate change adaptation’. Many discussions of
climate change adaptation start with a discussion of the risks
that climate change is bringing or may bring and then
consider what needs to be done to address this — without
considering how the climate change-related risks fit within
other risks. What most urban centres in developing
countries need is not a climate change adaptation prog-
ramme but a development programme — meeting already
existing deficits in provision for water, sanitation, drainage,
electricity, tenure, healthcare, emergency services, schools,
public transport, etc. — within which measures for climate
change adaptation are integrated.

The first section of this chapter discusses what is
meant by adaptation, adaptive capacity and similar terms, as
applied to urban centres. The second section reviews house-
hold and community responses to the impacts of climate
change and highlights the major challenges to community-
based climate change adaptation. This is followed in the
third section by a similar review of the responses by city and
municipal governments. This review provides the basis for a
discussion in the fourth section of the main issues that need
to be addressed to develop effective city-based climate
change adaptation strategies. The fifth and sixth sections
discuss the financing and other key challenges of urban
climate change adaptation, respectively. The final section
provides some concluding remarks and lessons for policy.

UNDERSTANDING
ADAPTATION

It is important that there is clarity in what is meant by
adaptation, adaptive capacity and adaptation deficit. Drawing
on the definitions of the Intergovernmental Panel on Climate
Change (IPCC),? adaptation to (human-induced, or ‘anthro-
pogenic’) climate change is understood to include all actions
to reduce the vulnerability of a system (e.g. a city), popula-
tion group (e.g. a vulnerable population in a city) or an
individual or household to the adverse impacts of anticipated
climate change. Adaptation to climate variability consists of
actions to reduce vulnerability to short-term climate shocks
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(whether or not these are influenced by climate change) —
for instance, as a city government ensures that the drainage
system can cope with monsoon rains. Most of the measures
for adapting to climate variability (which will be taking place
in most well-governed cities) will also contribute to climate
change adaptation (as a co-benefit).

The outcome of successful adaptation is resilience —
and is a product of governments, enterprises, civil society
organizations, households and individuals with strong
adaptive capacity.* For cities or particular urban neighbour-
hoods, it indicates a capacity to maintain core functions in
the face of hazard threats and impacts, especially for vulnera-
ble populations. It usually requires a capacity to anticipate
climate change and 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.

Adaptive capacity is the inherent capacity of a system
(e.g. a city government), population (e.g. a 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. Adaptive capacity is the
opposite of vuinerability.> The risks that have to be reduced
by adaptation 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 or costs 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 ‘down-
stream’) and mitigation measures (e.g. a greater emphasis on
new hydropower schemes that displace large numbers of
people from their homes and livelihoods).

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 lower capacity to afford good-quality
housing on safe sites. There is also a wide range among city
and national governments in their adaptive capacities, relat-
ing 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.

The lack of adaptive capacity to deal with problems
caused by climate variability and climate change is strongly
related to the scale of what can be termed the adaptation
deficit: the deficit in infrastructure and service provision and
in the institutional and governance system that is meant to
be in place to ensure adaptation. Of course, this depends
heavily on the competence and capacity of local govern-
ments and the quality of the relations between local
government and populations at risk within their jurisdiction.
In many developing country cities, the main problem is the
lack of provision of basic city infrastructure and the lack of
capacity to address this. This is one of the central issues with
regard to urban climate change adaptation because most
discussions on this issue focus on needed adjustments to

infrastructure to climate-proof it. However, cities cannot
climate-proof infrastructure that is not there. In addition,
new sources of funding for climate change adaptation have
little value if there is no local capacity to design, implement
and maintain the needed adaptation measures, or no interest
within local government in working with the populations
most at risk (which in many urban contexts, as noted in
Chapter 4, are concentrated among low-income households
living in informal settlements and slums).

Ultimately, the most important and effective form of
adaptation is to stop the process that generates increasing
levels of hazard and risk — that is, to slow the growth of, halt
and then reduce greenhouse gas (GHG) emissions or other
measures to reduce global warming (i.e. mitigation).® Failure
to mitigate will lead to the failure of adaptation, as climate
change risks become increasingly severe. So adaptation and
mitigation are not alternative strategies, but complementary
ones that need to be pursued together.

It was the failure of the world’s governments to reach
agreement to reduce GHG emissions during the 1990s that
has made the need to greatly increase adaptation capacity so
urgent. It is now too late to stop the increase in climate
change-related hazards in the short term. Even if the world’s
governments do reach agreement on the need for rapid
reductions in global GHG emissions and actually implement
the measures needed to achieve this, the GHG emissions
already generated and the time-lags in global systems” still
mean increasing hazard and risk levels for most urban
centres — and, therefore, an increasing need to adapt.
Adaptation can reduce the adverse impacts of climate change
considerably; but, generally, it cannot remove all adverse
impacts — especially if the needed agreements to reduce
global emissions have not been achieved. So there are limits
to what adaptation can protect. There will also be an increas-
ing number of locations that become permanently beyond
adaptation — because the needed measures to protect them
are considered too expensive (e.g. particular coastal zones
inundated by sea-level rise) or technically unfeasible. Such
consequences are often referred to as residual damage, and
the number of such locations (and populations at risk) is
likely to rise without successful mitigation (see Figure 6.4).

As described in more detail later in this chapter,
adaptation can be undertaken by different actors — for
instance, by individuals, households and commercial enter-
prises. This may be within government programmes or
completely independent of government (in which case it is
generally referred to as autonomous adaptation). Different
levels of government (from national through regional and
city-wide to district or ward) and different sectors of govern-
ment have responsibility for many of the needed adaptations
or for providing the regulatory framework — or the carrots or
sticks — to encourage other actors to adapt. Adaptations that
are planned in anticipation of potential climate change are
termed planned adaptation. Generally, government agencies
have the responsibility to provide information about current
and future risks, and provide frameworks that support
individual, household, community and private-sector adapta-
tion. However, governments often do not fulfil this role, and
community-based and other civil society organizations may



be the initiators and supporters of planned adaptation. As
has long been evident in initiatives to improve conditions in
informal settlements, a proactive civil society may be
required to galvanize government and to demonstrate what
can be achieved.?

In recognition of the fact that much adaptation to
climate variability (and climate change) takes place through
the conscious efforts of particular communities, the [PCC
has highlighted the importance of what is termed commu-
nity-based adaptation. As discussed in more detail in a later
section,” community-based adaptation has particular impor-
tance where local governments lack adaptive capacity. Yet, it
also has importance within effective local government-driven
adaptation because of the knowledge and capacity that it can
contribute. For urban areas, there is a danger that its
relevance will be both overstated and underplayed at the
same time. On the one hand, it will be overstated because
community-based organization and action cannot provide the
city-wide infrastructure and service provision and city-region
ecosystem services protection and management that are so
central to effective adaptation. On the other hand, however,
the importance and effectiveness of community-based
adaptation can be underplayed as the policies and practices
of governments and international agencies fail to recognize
the capacity of community-based organizations to contribute
to adaptation or, if they do, they lack the institutional means
to support them.!?

There are also actions and investments that increase
rather than reduce risk and vulnerability to the impacts of
climate change and these are termed maladaptation.
Examples of this include the shifting of risk from one social
group or place to another; it also includes shifting risk and
costs to future generations and/or to ecosystems and ecosys-
tem services. Many investments being made in cities are, in
fact, maladaptive rather than adaptive, as they decrease
resilience to climate change. Indeed, the very process of
‘unmanaged’ urban expansion usually brings with it increas-
ing risk as inappropriate sites are developed and as
infrastructure provision fails to keep up. Removing maladapta-
tions and the factors that underpin them are often among the
first tasks to be addressed before new adaptations.

HOUSEHOLD AND
COMMUNITY RESPONSES
TO THE IMPACTS OF
CLIMATE CHANGE

National governments are meant to represent the interests
of their citizens in international discussions on allocating
responsibility for climate change mitigation and in develop-
ing international funding sources and institutions and other
forms of support for adaptation. Similarly, local (metropoli-
tan, city and municipal) governments are, in principle,
responsible for implementing climate change adaptation
measures at the local level.

However, risk reduction and resilience to risk also
depend on actions taken by households and by community-
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based organizations. And for a large section of the urban
population in developing countries, little can be expected of
local and national governments as they currently lack the
capacity or willingness to provide the basic infrastructure
and services that are central to adaptation.

Where local governments are weak or ineffective,
household and community strategies become more impor-
tant for reducing climate change risks and impacts in urban
areas. In such situations, urban residents have long had to
cope with a wide range of risks to their lives and livelihoods.
Many of the measures that they take to cope with risk are
responses to extreme weather, including flooding, extreme
temperatures and landslides — although the root cause of the
risk is often far more related to the lack of infrastructure or
the lack of safer sites that they can afford. In many locations,
household and community strategies have developed over
years or even decades to prevent loss of life and damage to
property. Yet, they have very limited capacities to substitute
for government investments in ‘hard’ infrastructure, which
is essential for risk reduction. Since these responses are
generally small scale and cannot address the underlying root
causes of vulnerability,!! they have frequently been ignored.
However, supporting these local responses should be one
aspect of an overall adaptation strategy for urban areas. In
doing so, these coping strategies can be enhanced to ensure
that the investments made by low-income urban residents
contribute to building their resilience.

Studies in informal settlements exemplify the impor-
tance of what individuals and households do for themselves
— and, for many of these, the importance of family and
sometimes of friends and neighbours in providing help. This
range of measures taken to help cope with extreme events
can be divided into two:

e those that are preventive (that remove the hazard or
exposure to it); and

 those that are impact minimizing or impact reducing
(better quality defences against the hazard or assets that
help recovery).'?

The discussion below starts by reviewing examples of house-
hold and community responses to climate change, and
concludes with an assessment of challenges to household-
and community-based adaptation.

Household responses

Individuals and households take measures to reduce risks
from extreme weather events such as flooding or extreme
temperatures. Likewise, wealth helps individuals or house-
holds to buy their way out of risks — for instance, by being
able to buy, build or rent homes that can withstand extreme
weather in locations that are less at risk from flooding.
Higher-income groups can also afford the measures that help
them to cope with illness or injury when they are affected
(the medical treatment needed, taking time off work) or
when their assets are damaged (e.g. through compensation
from insurance). Many of these measures also reduce risks
for a wide range of hazards; a good-quality secure home with
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good infrastructure and services removes or greatly reduces
a great range of risks, including most of those related to
climate change. Savings schemes can be drawn on to help
cope with a wide range of stresses or shocks, including those
arising from extreme weather.

Those unable to get or afford these take other
measures to reduce the impacts of hazards that they cannot
avoid. These can be seen as contributing to adaptation in
that they reduce vulnerability to hazards,'® and many can be
considered as strategies in that they include a coherent
range of measures that respond to changes in risk levels. A
study of this in Indore (India) showed the complex and
varied measures by which low-income households living in
areas often flooded adapted to flooding.'* They were
prepared to live in homes that flooded regularly because of
other advantages that these sites provided — namely, access
to low-cost housing, and central city locations close to jobs,
to markets for the goods that they made or collected (many
earn a living collecting waste), and to health services,
schools, electricity and water. Households and enterprises
took both temporary and permanent measures to minimize
the impacts of flooding — for instance, by raising plinth
levels, using flood-resistant building materials, choosing
furniture that is less likely to be washed away, and ensuring
that shelving and electric wiring are high up the walls,
above expected water levels. Many households had
suitcases ready, so valuables could be carried to higher
ground when floodwaters are rising, and contingency plans
for evacuating persons and possessions (e.g. first to move
children, older persons and animals to higher ground, then
to move electrical goods, then lighter valuables and cooking
utensils):

When we see very dark clouds up the hills, we
expect heavy rains to come. So we get ourselves
prepared by transferring our valuable things on
our very high beds which are reached by climb-

ing ladders. Also, children who sleep on the
floor are transferred to the high beds.

More established residents had also learned how to get
compensation from the government for flood damage. None
of these measures reduced the flooding; but they certainly
reduced the impacts of flooding upon health, assets and
livelihoods.

In Lagos (Nigeria), a city with very large deficits in
infrastructure and large sections of the population at risk
from flooding (see Box 6.1), interviews with the inhabitants
of four informal settlements close to the coast showed that
they considered flooding as their most serious problem,
although flood risks varied by settlement and within each
settlement.

A study in Korail (Bangladesh) documented a range of
household measures to reduce loss from flooding and high
temperatures and facilitate recovery (see Box 6.2). Similarly,
a study of flooding problems faced by residents of low-income
communities in Accra (Ghana), Kampala (Uganda), Lagos
(Nigeria), Maputo (Mozambique) and Nairobi (Kenya)'¢
showed a comparable mix of measures to reduce impacts. In
Nairobi’s informal settlements (where around half the city’s
population live), responses to flooding included bailing water
out of houses, putting children on tables and, if necessary,
moving them to nearby unaffected dwellings, digging
trenches around houses, constructing temporary dykes or
trenches to divert water away from the house, and a range of
ways to stop water from coming into homes. Residents also
moved to higher ground as floodwaters rose. Similar
measures were taken by households in Accra, Lagos and
Kampala. In addition, in Kampala, some residents undertook
collective work to open up drainage channels. In Lagos, one
resident stated the following: ‘There has not been assistance
from anyone. Neighbours cannot assist because everybody is
poor and vulnerable. I am planning to quit this place because
it is horrible living here.’"”

Box 6.1 Household and community responses to flooding in informal settlements in Lagos, Nigeria
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Box 6.2 Household responses to reducing risks from flooding in Korail, Bangladesh

In Dar es Salaam (Tanzania), residents in Tandale
(Kinondoni Municipality) take a range of measures to protect
themselves and their houses when flooding occurs. These
include temporary relocation and placing easily damaged
items (such as mattresses) in the ceiling areas of houses.
Some households have constructed additional walls around
their houses to prevent floodwater from entering,'8

The above examples show that most household
responses are impact-reducing, ad hoc, individual short-term
efforts to save lives (e.g. to sleep on high tables or wardrobes
and move family members to safer sites), or to protect
property (e.g. making barriers to water entry at the door,
digging trenches to steer water away from the door, making
outlets at the rear of the house so water flows out quickly).

Community responses

Community-based adaptation is a process that recognizes the
importance of local adaptive capacity and the involvement of
local residents and their community organizations in facilitat-
ing adaptation to climate change.!? The starting point for
community-based adaptation is the individual and collective
needs of the residents in a community and their knowledge
and capacities. It is based on the premise that local commu-
nities have the skills, experience, local knowledge and
motivation, and that — through community organizations or
networks — they can undertake locally appropriate risk
reduction activities that increase resilience to a range of
factors, including climate change.?0 It also recognizes (or
assumes) a capacity among the residents in any ‘community’
to work together. The central principles of community-based

adaptation are that it works at the level of the community: it
is about communities making choices rather than having
them imposed from outside. Advocates of community-based
adaptation question the value and effectiveness of top-down
adaptation approaches as they see the difficulties of getting
these to be pro-poor, locally appropriate and locally account-
able.

Community-based adaptation to extreme weather,
water constraints or other risks to which climate change
contributes is a pragmatic recognition of the limitations or
inadequacies of government action on adaptation. It may be
the responsibility of government to provide and maintain
infrastructure that can deal with extreme events; but for
those areas and populations inadequately served by these,
community responses can play a significant role in reducing
risks or impacts. As such, community-based preparedness is
an important part of resilience to extreme weather events
whose timing and magnitude are likely to become less
predictable as a result of climate change.

To date, community-based adaptation has primarily
been practised in rural areas. However, communities in
urban areas can also have an important role in determining
the most effective responses to help them address the
challenges of climate change. For instance, over the last few
years, a growing number of studies have examined the
responses of low-income households and communities living
in informal settlements to extreme weather-related risks,
especially floods. In the four informal settlements of Lagos
(Nigeria) described above that have to cope with regular
flooding (see Box 6.1), there were some community initia-
tives to clear blocked drainage channels, although most
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actions were taken by households. The same is true in Korail
(Bangladesh), although some households had taken part in
initiatives to clean and clear drains (see Box 6.2).

In practice, the development of infrastructure which
reduces climate change impacts is often beyond the capabili-
ties of even the best organized and most representative
community organizations. For example, developing a
drainage system that actually stops or greatly reduces flood-
ing — especially in high-density settlements on high-risk sites
with little or no drainage infrastructure and space for new
infrastructure — is usually beyond the means of community
organizations. This is not to say that it cannot be done;
community-directed slum and squatter upgrading has
achieved this; but this is where they get appropriate support
from government, as in the Baan Mankong (Secure Tenure)
programme in Thailand.?' The Orangi Pilot Project Research
and Training Institute (in Karachi, Pakistan) has also demon-
strated that households in informal settlements can join
together to fund and manage the installation of sewers and
drains and do so at scale.?? However, this was facilitated by
the fact that most informal settlements in Pakistan’s urban
areas developed with grid layouts and space for roads and
paths (under which the sewers and drains could be
installed). In addition, the local government’s water and
sanitation authority came to support this by providing the
trunk sewers and drains into which the neighbourhood
initiatives could be integrated. What these and other cases
show is how effective risk reduction is possible if household,
community and government investments and actions work
together in a coordinated manner.

This point is illustrated by discussions with two
communities that had experienced serious floods and with
emergency managers in the two urban communities of
Mansién del Sapo and Maternillo, located in the north-
eastern municipality of Fajardo in Puerto Rico.2® These
discussions focused on flood hazards, causes and possible
solutions. They showed good community knowledge of flood
hazards (each community produced a map of the extent
of flooding) and its causes. However, the residents’
maps differed from those of the emergency managers —
especially highlighting the risks for those living close to a
drainage channel. They also differed in terms of sources of
floodwaters (residents included urban runoff, whereas the
emergency managers only considered river overflow).24 Both
communities highlighted solutions that were beyond their
own capacities and that set responsibility for addressing the
problems with government. Yet, the problem here was both
the limitations in what government was likely to do and the
limitations in the technical solutions proposed. From a flood
risk reduction perspective, it was important to have a
stronger community engagement that recognized the need
for disaster preparedness because of the limits in what the
structural measures that government undertakes or should
undertake could achieve. This community engagement
should include monitoring local conditions that can cause
floods or exacerbate their impacts and acting on this (e.g.
drainage channel maintenance) and flood preparation plans
(including, where needed, plans for evacuations). Here,
resilience to climate change depends not only on technical

measures and structural solutions, but also on household
and community capacity to cope better with extreme
weather events that are less predictable in their magnitude
and timing. This is a point that has relevance for most urban
centres and settings.

The constraints on community capacity in the
absence of government support are highlighted by a study of
15 disaster-prone slums in El Salvador. Here, too, there was a
mix of household and community responses to climate
change-related risks. Households recognized that flooding
and landslides were the most serious risks to their lives and
livelihoods, although earthquakes and windstorms, lack of
job opportunities, and water provision and insecurity from
violent juvenile crimes were also highlighted. They invested
in risk reduction, for instance, by improving their homes,
diversifying their livelihoods or having assets that could be
sold if a disaster occurred. Many households received remit-
tances from family members working abroad, and these were
especially important in providing support for post-disaster
recovery. A complex range of issues did, however, limit the
effectiveness of community responses. The residents
received no support from government agencies. Indeed,
most residents viewed local and national governments as
unhelpful or even as a hindrance to their efforts.2®
Furthermore, although residents were organized in commu-
nity-based organizations, none of these were representative
of the communities.

Where there are representative community-based
organizations, the possibilities of building resilience to
climate change are much greater. In many countries, there
are now national federations of slum and shack dwellers that
have community-based savings groups as their foundation.
Although very few of these savings groups have climate
change adaptation programmes, almost everything that they
do contributes to greater resilience and reduces risks. This
often includes many measures taken in response to the
extreme weather events that they have long had to cope
with. It usually includes measures that make their houses
safer — either through support for upgrading (e.g. in Orissa,
India, Mahila Milan (Women Together) groups developing
homes that can withstand cyclones and rainfall) or through
acquiring new, safer, more secure land sites upon which to
build.

Most of what these federations are doing is building
the resilience of low-income households to almost all climate
change risks. For instance, a savings account can be drawn
on, whatever the shock. Yet, the contribution that these
federations make to climate change resilience needs to be
appreciated. To give but one example from the 30 or so
countries that have national federations of slum/shack
dwellers: in Dar es Salaam, the Tanzania Federation of the
Urban Poor has been active in building resilience in low-
income urban communities through a process of community
organization. This began with savings schemes and enumera-
tion exercises (which provide maps and details of all
households in informal settlements), and has expanded to
include identification and purchasing of land for housing.

The practice of saving regularly has both instrumental
benefits (the ability of savers to access funds when neces-
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Box 6.3 Risk reduction by the Homeless People’s Federation of the Philippines

sary) and organizational benefits (the relationships of trust
built up within small savings groups that allow their
members to work on collective solutions to larger problems).
Small-scale loans managed by these savings groups and
repaid over short time periods provide much needed capital
for livelihood activities, or responses to shocks and stresses.
The creation of savings organizations also provides the basis

by which individuals and households can come together to
identify and acquire residential land on sites that are less at
risk of flooding. Local initiatives have also built resilience
through improving the supply of potable water (reconnecting
and managing water kiosks); engaging in capacity-building
for hygiene promotion; and implementing innovative small-
scale solid waste management strategies.
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In the examples given above from Orissa and Dar es
Salaam, the savings groups and their federations not only
organize and act, but also seek partnership with, and
support from, government agencies. This is also the case in
the Philippines, where there are some interesting and
highly relevant examples of community-based responses to
extreme weather events that were driven by savings groups
formed by low-income groups and the Homeless People’s
Federation of the Philippines, of which they were members
(see Box 6.3). The Philippines is regularly affected by earth-
quakes, volcanic eruptions, typhoons, storm surges,
landslides, floods and droughts. Many low-income urban
residents groups live in high-risk sites and have poor-
quality housing; they also have little or no protective
infrastructure and less resources to call on after disasters.
Risk levels have probably increased and are likely to
continue increasing because of climate change. The
response of the Homeless People’s Federation is to get
household, community and local governments to work
together, as neither of them have the resources and capaci-
ties to reduce risks by themselves.

Although communities are taking action to adapt to
climate change-related risks, such as floods and high temper-
atures, they face a number of challenges in this respect. As
noted earlier, there are limits to what community-based
action can achieve in urban contexts. Much adaptation (and
disaster risk reduction) needs the installation and mainte-
nance (and funding) of infrastructure and services that are at
a scale and cost beyond the capacity of individuals or
communities. However, the limitations in local government
capacity — or local government unwillingness to work with

Areas of

those living in informal settlements — mean that what house-
holds and communities in informal settlements do are often
the only adaptation responses that are actually implemented.
Furthermore, it is mostly low-income households and
communities who have to rely on community-based actions
and community preparedness because they are located in
more vulnerable sites, their homes are of poorer quality and
they receive less protection from infrastructure or insur-
ance. In this sense, middle- and high-income groups face
much lower levels of risk, and usually have much less need
for community-based action to remedy deficiencies in infra-
structure and services.

There are also difficulties in getting the needed
cooperation among community residents for collective
responses to climate change risks. This is partly related to
the extent to which community organizations comprehen-
sively represent the needs and priorities of those most at risk
or most vulnerable. In reality, community organizations are
not necessarily accountable to, or fully representative of, all
local residents and their needs.2® In many contexts and
societies, women and particular groups within communities
(such as racial, ethnic or other minorities) face discrimina-
tion from other residents or resident organizations and lack
voice. It is not surprising, then, that it is often difficult to get
agreement and commitment from all inhabitants of a settle-
ment for community-based actions.

In urban areas in developing countries, an additional
challenge relates to the need for community-based adapta-
tion to focus on using, protecting and enhancing the assets
available to the urban poor.2’ As such, it includes the use of a
range of assets to make livelihoods more resilient so that

Asset-based actions

intervention

Protection

Household and neighbourhood

Household and community-based
actions to improve housing and
infrastructure.

Community-based negotiation for
safer sites in locations that serve
low-income households.
Community-based measures to build
disaster-proof assets (e.g. savings)

or protect assets (e.g. insurance).

Municipal/city

Work with low-income communities to
support slum and squatter upgrading
informed by hazard mapping and
vulnerability analysis.

Support increased supply and reduced costs
of safe sites for housing.

Regional or national

Government frameworks to support
household, neighbourhood and municipal
action; risk reduction investments and
actions that are needed beyond urban
boundaries.

Pre-disaster
damage limitation

Community-based disaster preparedness
and response plans, including ensuring
that early warning systems reach
everyone, measures to protect houses,
safe evacuation sites identified if

needed, and provision to help those

less able to move quickly.

Early warning systems that reach and

serve groups most at risk; preparation of
safe sites with services; organization for
transport to safe sites; protecting evacuated
areas from looting.

National weather systems capable of
providing early warning; support for
community and municipal actions;
upstream flood management.

community organizations to get back
to their homes and communities, and
plan for rebuilding with greater
resilience; support for recovering the
household and local economy.

household and community actions,
including addressing priorities of women,
children and youth; build or rebuild
infrastructure and services to more
resilient standards.

Immediate Support for immediate household Encourage and support active engagement Funding and institutional support for
post-disaster and community responses to reduce of survivors in decisions and responses; community and municipal responses.
response risks in affected areas, support the draw on resources, skills and social capital

recovery of assets, and develop and of local communities; rapid restoration

implement responses, including of infrastructure and services.

cash-based social protection measures;

plan and implement repairs.
Rebuilding Support for households and Ensure reconstruction process supports Funding and institutional support for

household, community and municipal
action; address deficiencies in regional
infrastructure.

Source:adapted from Moser and Satterthwaite, 2008




they can cope with a range of challenges, some of which can
be predicted and others of which are unforeseen. In this
context, community-hased adaptation and pro-poor adapta-
tion are intrinsically linked. Pro-poor adaptation raises
important questions about the types and aims of responses;
who bears any costs; who is involved; and who benefits.?8 It
also needs to address the range of reasons why the urban
poor are disproportionately vulnerable to climate change,
including their greater exposure to hazards, the lack of
hazard-reducing infrastructure, the lack of state provision for
assistance after extreme events, and the lack of legal and
financial protection.%’

Table 6.1 presents an asset-based framework to
support resilience to extreme weather that includes protec-
tion (much of it reducing disaster risk), pre-disaster damage
limitation, immediate post-disaster response, and rebuild-
ing.% An asset-based approach helps to identify the asset
vulnerability to climate change of low-income communities,
households and individuals, and considers the role of assets
in increasing adaptive capacity. Strengthening, protecting
and adapting the assets and capabilities of these groups is
necessary to reduce urban poverty, while making them
better able to cope with gradual climate change and extreme
events. However, as illustrated in the table, a number of
actions cannot be undertaken by households and communi-
ties alone, but need to be addressed at the municipal/city or
national level. Such actions are the focus of the next section.

LOCAL GOVERNMENT
RESPONSES TO THE
IMPACTS OF CLIMATE
CHANGE

As noted in the previous section, the main responsibility for
implementing policies to address the impacts of climate
change in cities rests with local governments. Yet, many city
governments around the world have so far failed to accept
and/or act upon this responsibility, with the result that many
households and communities have been forced to implement
climate change adaptation measures on their own. As the
discussion above has shown, however, there are significant
limitations as to what community-based adaptation can
achieve. A partnership approach — involving households and
communities, but also the various levels of government and
other partners — is the most effective way to implement
climate change adaptation strategies.

In some places, local governments have taken note of
the damaging impact of particular storms or heavy rainfall
that have highlighted risks that climate change is likely to
exacerbate.3! Elsewhere, the perceived vulnerability of
urban economies, populations, assets and infrastructure has
encouraged more local government engagement, including
some local governments in middle-income countries for
whom an adaptation agenda seems more relevant since it
addresses local concerns and can include co-benefits with
development.3? These responses have varied from an initial
consideration of likely risks and threats to some particular
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infrastructural investment and physical interventions, to the
development of plans and strategies.

However, and as noted above, the primary responsi-
bility for developing national policies and programmes on
climate change adaptation rests with national governments.
National governments are also custodians of the interests of
urban (and rural) residents in international climate change
negotiations, and in the development of international
funding sources and institutions, and other forms of support
for adaptation. Thus, the first part of this section briefly
reviews national frameworks that support climate change
adaptation in urban areas. This is followed by a discussion of
what is done at the local level with respect to climate change
adaptation. It describes how a small, but growing, number of
city governments around the world have begun to recognize
the threats posed by climate change, first in developed and
later in developing countries. It provides examples of cities
in countries that are at various stages of climate change
impacts assessments, as well as examples of cities that have
developed adaptation strategies, before briefly reviewing the
links between climate change adaptation and disaster
preparedness.

National frameworks that support
adaptation in urban areas

Figure 6.1 outlines the required steps in developing national
climate change adaptation policies and programmes.
Although the Organisation for Economic Co-operation and
Development (OECD) report where this figure originally
appeared used the figure to illustrate what was happening at
the national government level, the figure fits well in a
consideration of what city governments are doing and which
of the steps they are taking (and which they are not). As
indicated in the figure, adaptation planning and implementa-
tion have to be based on an assessment of historical and
present climate conditions, projections of climate change, as
well as current and future implications on vulnerability and
impacts. Such assessments are the foundation of adaptation
policies, which may be understood as the formulation of
intentions to act, on the one side, and adaptation actions, on
the other. The former include identification of adaptation
options and discussions of how these fit in with other
existing policies. The adaptation actions include the estab-
lishment of institutional mechanisms to guide and imple-
ment adaptation action; the formulation of new adaptation
policies and modification of existing policies to take adapta-
tion into account; and the explicit incorporation of
adaptation measures at the project level. Figure 6.1 also
illustrates how adaptation actions undertaken now influence
the assessment of future climate change impacts.

The report from which Figure 6.1 is drawn also classi-
fied OECD countries in three categories with respect to the
criteria in Figure 6.1. According to this review (undertaken
in 20006), 7 OECD countries were classified as being in early
stages of impact assessments; another 27 countries were
undertaking advanced impact assessments, but were slow in
the development of adaptation responses; while only 5
OECD countries had advanced impact assessments and were
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Climate change and impact assessments

Current conditions
in light of historic
climate trends

Climate change
scenarios and their
implications

Impacts and risks/
vulnerability
assessments

v

Intention to act

Adaptation

Identifying Considering Establish institutional Formulate policies or Explicit
adaptation existing policies mechanisms to modify existing policies incorporation
options synergistic support local action (e.g. infrastructure and of adaptation
with adaptation coastal zone management) in projects

The main stages of
city-based climate
change adaptation

Source: based on Gagnon-
Lebrun and Agrawala, 2006,
Figure 6
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moving towards implementing adaptation. This and other
assessments®® show that relatively few national governments
are moving towards implementing adaptation initiatives. A
review of what governments in developing countries are
doing on adaptation suggested that many are initiating or
sponsoring studies of the likely impacts of climate change;
but rarely is urban adaptation given much attention.3*
Many countries have developed National Adaptation
Programmes of Action (NAPAs)®> and most recognize the
need to strengthen local capacity to plan and act — including
changing local building and infrastructure standards and
land-use plans. Yet, these NAPAs have rarely engaged the
interest of the larger, more powerful national ministries or
agencies, or of city or municipal governments. Many give
surprisingly little attention to urban areas, given the impor-
tance of urban economies to national economic success and,
for most countries, to the incomes and livelihoods of much
of the population.3

It is also difficult to ensure that NAPAs do not become
just another policy document that gets little or no action on
its recommendations:

Countries are already bombarded with interna-
tional obligations, which place considerable
strain on already overloaded institutions with
limited capacity, and which may well lead to
duplication of effort and reduction in policy
coherence.’

It must also be remembered that NAPAs™ effectiveness
depends on their catalysing and supporting local assessment
and action. It has been suggested that what is needed is city-
focused City Adaptation Programmes of Action and
local-focused Local Adaptation Programmes for Action.3® As
stressed throughout this chapter, risks and vulnerabilities for
all aspects of climate change in urban areas are greatly
shaped by local contexts and influenced by what local
governments do or do not do. Effective adaptation needs to
be based on a good understanding of the local context and
strong local adaptive capacity. It needs City Adaptation
Programmes of Action and, very often, smaller-scale Local
Adaptation Programmes for Action that incorporate commu-
nity-based adaptation — especially for the settlements or
areas most at risk. Much more needs to be done in terms of

‘mainstreaming’ adaptation to climate change within
national policy-making processes®® and putting in place the
systems and structures that encourage and support city-
driven and locally driven adaptation. Perhaps more to the
point, unless adaptation is seen by national and city govern-
ments in developing countries to be complementary to
development agendas, it will not get considered.

Local government responses
in developing countries

As noted above, there are not many examples of cities in
developing countries that have initiated climate change
adaptation policies. The bulk of the examples that exist are
cities that have started the process outlined in Figure 6.1 by
assessing the risks posed by future climate change. Some
such examples are outlined below, followed by a discussion
of the experiences of cities that have taken this assessment
one step further by showing a concrete intention to act
through the development of adaptation strategies.

m Assessing climate change risks and the scale
of the adaptation deficit

Generally, the first evidence of an interest by city or munici-
pal government in climate change is an interest in assessing
the scale and nature of likely risks. Yet, this assessment is not
easily done for most developing country cities because of the
lack of basic data on environmental hazards and risks (or
even of an accurate and detailed map with all settlements on
it). It is thus important to note (again) that most climate
change-related risks (at least in the next few decades) are an
exacerbation of risks already present, which are the result of
the inadequacies in local governments’ capacities or willing-
ness to manage and govern urban areas. Thus, there is a
large deficit in the basic infrastructure and services needed
to address not only risks related to extreme weather and
water constraints, but also ‘everyday’ risks. A city where
much of the population live in areas that are frequently
subjected to floods — because these areas lack storm and
surface drains (and often because areas at risk of flooding are
among the only areas where low-income groups can buy,
build or rent accommodation) — is a city that is more at risk
from more frequent or intense rainstorms. The deficits in
basic infrastructure and services are not the result of climate
change, and funding agencies that support climate change
adaptation may judge these (often vast) deficits in infrastruc-
ture and services as being outside the scope of climate
change adaptation. Box 6.4 gives some examples of the scale
and nature of these deficits.

Three examples are provided below of cities for which
this first step (i.e. of mapping the tasks at hand) has been
taken — namely, Georgetown (Guyana), Bangkok (Thailand)
and Dhaka (Bangladesh). These three examples show how
climate change risks come to be identified and discussed,
and highlight the initial thinking of what measures are
needed to address these. Nonetheless, there is still the need
to incorporate measures to address these risks into city
plans, land-use management, infrastructure investments,
service provision, and building and planning codes, and



Box 6.4 The scale of adaptation deficit in selected cities

there is much less evidence of this taking place. The section
of the city government that prepares (or commissions) these
initial assessments may have little political support within
the city government or may be unable to convince the more
powerful sectoral agencies within the government to
change their plans and investments in response to the risks
identified.“? Inevitably, any forward-looking risk-reducing
investment programme that needs serious funding will face
competition from other sectors.

In Guyana,*! the coastal zone that includes
Georgetown holds 90 per cent of the country’s population
and much of the economy. Its highest point is only 1.5m
above sea level, with much residential land, including the
capital Georgetown, below the sea level at high tide. Large
sections of Georgetown’s population experience regular
floods.* Adaptation planning for the densely settled areas
around Georgetown has been conducted by an international
management consultancy firm, with the intention of identi-
fying and analysing adaptation investment options. Risks
were assessed through analysing major climate hazards,
identifying the major assets at risk and assessing the vulnera-
bility of these. The main climate hazard facing Guyana, and
particularly the densely populated areas near Georgetown, is
flooding caused by heavy rains. A variety of scenarios have
been developed to estimate the potential for financial losses
in the public, agricultural, industrial and commercial, and
residential sectors in 2030.

Climate Change Adaptation Responses in Urban Areas

In Georgetown, there is also evidence of the second
stage of city-based adaptation — identifying adaptation
options and considering existing policies that are synergistic
with adaptation (see Figure 6.1). Key adaptation interven-
tions that were identified as being economically attractive
included the expansion of early warning infrastructure; the
improvement of building codes for new construction; the
maintenance of drainage systems; and the upgrading of
drainage systems. In each of these cases, there was a cost-
benefit ratio of less than 1.0, implying that such measures
were economically viable. Several adaptation measures were
assessed quantitatively. These include:

* [nfrastructure measures: repairing and maintaining the
sea wall.

*  Health measures: flood-proofing health clinics, sanita-
tion and water, emergency response system.

*  Financial measures: cash reserve, contingent capital,
strengthening the primary insurance market.

Of these, repairing and maintaining the sea wall, developing
an emergency response system and providing contingent
capital were seen as generating the most important benefits.
Sections of the sea wall are in disrepair and upgrades
are needed to protect against coastal flooding; emergency
response capabilities currently do not exist; and risk
financing can provide money in the case of a crisis event.
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Adaptation measures
for Bangkok, Thailand
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Additionally, these are relatively low-cost interventions.
Thus, some substantial adaptation benefits can be achieved
for relatively low costs. This approach has great value in
identifying the most cost-effective adaptation responses at
the city level, and can help local and national officials to
identify the most appropriate interventions. However, it
would probably be best used in association with detailed
social analysis to ensure that adaptation activities meet
human development needs as well as being cost effective
from a financial perspective.

The Metropolitan Administration of Bangkok
(Thailand) has also begun mapping the climate change-related
risks that the city will face; based on this, it is proposing a
variety of policy-based, infrastructural and environmental
responses (see Table 6.2).%3 Bangkok is vulnerable to a range
of climate threats as a result of its location on a low-lying
plain affected by subsidence, close to the sea and subjected
to regular monsoon rains. A risk management approach is
assessing the potential consequences of climate change and
identifying appropriate responses. An initial risk assessment —
which highlighted flooding, storm surges, drought and risks
to the security of the water supply — has been conducted, and
these risks will be analysed more extensively to inform
adaptation interventions. More overarching adaptation
measures will include capacity-building activities, improved
communication between scientists and city officials, encour-
aging the development of climate change risk assessments at
the local level, and raising awareness of climate change in
homes and communities.

Box 6.4 highlights the climate change-related risks
faced by Dhaka (Bangladesh). This is a city with a relatively

Climate change impact

Community infrastructure
and operations

long history of environmental and climate change aware-
ness, policy and action. It was the first of the least developed
countries to complete its National Adaptation Programme of
Action (NAPA), and there is a significant effort by the
national government to integrate climate change within
sectoral plans and policies. The Dhaka Metropolitan Develop-
ment Plan is intended to meet many climate adaptation
needs. For example, a strategic approach to planning could
help to enhance response capacity; increased public partici-
pation in the planning process could raise public awareness
of climate-related threats; and the implementation of sites
and services schemes could reduce the vulnerability of the
urban poor and enhance their resilience.*

At the city level, large-scale flood protection measures
are an essential component of an adaptation response. Since
1089, an extensive system of embankments has been
constructed, and further investments of this type are
currently planned.*> Canals and drainage systems are
currently being renovated, and the banning of polythene
bags has helped to reduce the clogging of the city’s drainage
system. 0

®m Moving from risk assessments
to adaptation strategies’’

Within Africa, South Africa is unusual in having discussions
within several city governments on climate change adapta-
tion and thus moving beyond risk assessments to discuss
what should be done to address the risks. A number of South
African cities have thus developed plans for adapting to
climate change. These have been made possible through the
strong support of a range of stakeholders, including universi-

Adaptation measures
Business and commerecial

Residential health and
general population

General long-term rising
temperatures of 3°C-5°C

Urban design
Tree-planting

Water conservation
Insect and pest controls

Actions to reduce urban heat island,
including building design and green
spaces

Better insulation

Design for efficient cooling
Pest and insect controls
Water conservation

Ground and surface water
quantity and quality

Water-use restrictions

Optimize reservoir releases
Expand storage capacity

Greater regulation of surface and
groundwater withdrawals

Water efficiency and conservation
programmes

Water pricing

Irrigation practices

Water efficiency and conservation
programmes

Sea-level rise (especially in
Bang Khuntien District)

Land-use planning

Construction or improvement of
levees and dykes

Creation of water reservoirs

Coastal protection
Phased retreat
Modifications to operation of port

Land-use planning
Ecosystem protection

Extreme weather-related
events (windstorms,
prolonged rain, river

Emergency preparedness plans
Construction or improvement of
levees and dykes

Emergency preparedness plans
Flood-proofing of buildings
Elevation of buildings

e o o o

Emergency preparedness plans
Flood-proofing of homes
Publicly sponsored flood insurance

flooding, drought) + Elevation of buildings Behavioural changes for disaster
* Land-use planning preparation (e.g. emergency
* Increase resilience of electricity supplies)
network
+  Improve emergency communications
Increased frequency and * Increased size of storm drains,etc. ~ * Increase water-absorbing capacity of ¢ Storm sewer protection and

intensity of short-duration
heavy rains

Increased water-absorbing capacity
of urban landscape

large paved areas

maintenance
Landscape design to reduce
rapid runoff

Increased frequency and
intensity of heat waves,
droughts and smog episodes

Use of air conditioners
Heat contingency planning
Reduction of urban traffic
Planting of trees

Use of air conditioners
Rescheduling protection when
necessary

Use of air conditioners
Public education on behavioural
responses

Source: based on Bangkok Metropolitan Administration, 2009, Table 6.




ties and local authorities. The transition to democracy in
1994 generated new local government structures which
included a specific mandate and focus on environmental
management, alongside a significantly revised development
agenda. This section reviews the experience with developing
such climate change adaptation plans in Durban and Cape
Town.

Durban has one of the most interesting experiences
in developing climate change adaptation plans and strategies
because of the innovations that it has demonstrated, and
because of the documentation of the internal processes by
which it advanced and by which it was constrained.*
Durban is South Africa’s largest port and city on the east
coast of Africa, with a population of 2.9 million people in
2010.%° The local government structure responsible for
managing the city is known as eThekwini Municipality.
During the 1990s, the municipality had become a leader in
the field of local-level environmental management>® and had
also initiated some work on mitigation. The city’s planning
for adaptation built on these experiences.

Between 2004 and 2006, eThekwini Municipality
developed a locally rooted climate change adaptation strat-
egy.”! This is encapsulated in the Headline Climate Change
Adaptation Strategy, which addresses both direct and
indirect issues in links between climate change and human
health, water and sanitation, coastal zone management,
biodiversity, infrastructure and electricity supplies, trans-
portation, food security and agriculture, and disaster risk
reduction. Initially, the development of this high-level strat-
egy did not result in any additional innovation or movement
from the ‘business-as-usual’ scenario in terms of municipal
functioning and the plans and investments of the larger and
more powerful sectors. Climate change risks were seen by
other sectors in government as too generic and the risks it
outlined too distant; there was also an assumption by many
that these were the responsibility of the city’s environmental
department. There were also other factors drawing attention
away from it, such as high existing workloads and urgent
development challenges and pressures. The municipality’s
disaster management unit was an obvious ally — but it lacked
capacity and was seen by the municipality as a responsive
relief agency, and thus not an influence on infrastructure
investments or city planning,

As a result, and in order to engage municipal line
functions more effectively in targeted and prioritized climate
change adaptation, the adaptation planning process was
deepened through the development of more detailed
sectoral municipal adaptation plans. At this stage, particular
attention was paid to three high-risk sectors (water, health
and disaster management) since these form a natural cluster
of integrated functions, thereby offering opportunities for
cross-sectoral integration and coordination. This sectoral
approach has proved to be more successful in facilitating
meaningful action, and in time will be rolled out across all
relevant municipal sectors. It is through the identification of
issues that are relevant to particular sectors within govern-
ment that their engagement is ensured. Also important for
this is that they see climate change adaptation as directly
linked to development (and their development and invest-
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ment plans). As a staff member from eThekwini
Municipality’s Environmental Planning and Climate
Protection Department has noted:

... the more sectoralised approach to adaptation
planning now being adopted in Durban has had
the effect of encouraging a greater interaction
amongst the line functions than occurred
during the development of the cross-sectoral
[Headline  Climate ~ Change  Adaptation
Strategy]. This can be linked to the clearer
definition of tasks and objectives that has
emerged from the more detailed understanding
of sectoral needs and limitations.>

While climate change has emerged as a significant issue in
municipal plans in Durban, and staff and funds have been
allocated to climate change issues, the emergence of climate
change advocates among local politicians and high-ranking
civil servants has been a slower process. However, this is
changing, as the mayor and other key officials become more
actively engaged in the climate change debate. A process of
community-level adaptation planning has now also been
facilitated in order to complement and extend the municipal-
level interventions. Specific adaptation interventions have
included:

* increasing the water-absorbing capacity of the urban
landscape;

¢ improving urban drainage and storm-sewer design;

¢ increasing natural shoreline stabilization measures;

 utilizing storm water retention/detention ponds and
constructed wetlands;

¢ land-use planning to avoid locating structures in risky
areas;

¢ working with industry to reduce water demand,;

e increasing food security;

* using environmental management as the basis for creat-
ing ‘green jobs’.

The progress in Durban depended on the mobilization of
political support for adaptation, and the presence of engaged
and motivated stakeholders. However, moving from strategic
plans to specific projects will require additional stages of
planning and dedicated sources of financing.>® For this
purpose, four institutional markers may be identified for
assessing progress in any city towards climate change adapta-
tion:>*

1 the emergence of an identifiable political/administrative
champion(s) for climate change issues;

2 the appearance of climate change as a significant issue
in mainstream municipal plans and in stakeholder
discussions;

3 the allocation of dedicated resources (human and finan-
cial) to climate change issues;

4 incorporating climate change considerations within
political and administrative decision-making.
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Assessment of vulnerability
to socio-economic stresses

Assessment of vulnerability
to climate change impacts

v v

Local economic development strategies;
integrated development plans;
integrated municipal environment plans

\ /

National climate change strategy;
local climate change assessments

Overlay to identify
vulnerable areas
Develop adaptation options
and actions
Prioritize
actions
Municipal adaptation
plan
Figure 6.2 However, and perhaps obviously, the integration of climate
Process for developing proFe.cUon coinsu'ieratlf)ns within political and admmlstrat}%
a municipal adaptation decision-making is unlikely to be a smooth process. Anything
plan in Cape Town, that affects budget lines and Durban’s current desired devel-
South Africa opment path will be contested.
Source: Mukheibir and In Cape Town (South Africa), a framework has been
Ziervogel, 2007 proposed for the development of a municipal adaptation plan

for climate change (see Figure 6.2) in a document commis-
sioned by the city government. The various steps involved in
this process are complemented by two cross-cutting
processes: stakeholder engagement is playing an important
role in identifying vulnerable sectors and potential initia-
tives, and also brings politicians and decisions-makers on
board; and an assessment of adaptive capacity (the ability of
a system to respond to the impacts of climate change). The
municipal adaptation plan should be the final output of this
process; but a variety of intermediate documents will be
produced, including vulnerability maps and assessments to
highlight ‘hotspots’ where social and climate risk interact.

There are many However, in Cape Town, as in all cities, it will be diffi-
relatively wealthy cult to get the attention of senior politicians and civil
cities that need servants with regard to climate change adaptation. For
major upgrades in instance, in the summary of Cape Town’s integrated develop-
their infrastructure ment plan,°® no mention is made of climate change
that should take adaptation. For Cape Town and many other cities, the first
account of likely real engagement with climate change adaptation is likely to
climate change be through responses to disaster risk. In May 2010, the City
impacts of Cape Town’s website described the long-range weather

forecasts that indicated the possibility of above normal
rainfall for the coming winter months and the measures that
were being taken to cope with them by various city depart-
ments.>’

Local government responses
in developed countries

Adaptation responses in cities in developed countries are
generally much easier to formulate, implement and fund,
although not necessarily easier in terms of getting the

needed political support. Yet, such cities do not have very
large deficits in infrastructure; most or all of their population
live in buildings that meet building standards and are served
by piped water supplies, sewers, drains and solid waste
collection. These cities also have a range of regulations and
controls that (when implemented) reduce risks, as well as
measures and institutional arrangements that ensure rapid
and effective response to disasters, thus limiting their
impact when they happen, especially for those who are most
at risk.

While the scale of risks and of the populations
exposed to them are much smaller and the local capacities to
address these much larger, this does not mean that adapta-
tion is necessarily given the priority that it deserves. There
are many relatively wealthy cities that need major upgrades
in their infrastructure that should take account of likely
climate change impacts. In general, most cities in developed
countries need to expand their capacity to anticipate and
manage extreme weather events. There are also cities that
are on sites that are or were relatively safe without climate
change, but that now face new levels of risk. For instance,
many coastal settlements, whether villages, towns or cities,
face increased risks from sea-level rise. Climate change is
likely to bring more extreme and frequent heat waves to
most regions, with higher risks in large cities or particular
‘heat islands’ within such cities. Many cities will face
constraints on freshwater supplies. However, although
adaptation plans for urban centres in developed countries
will have many characteristics in common, the particular mix
of needed measures will be very specific to each urban
centre. For instance, and as discussed below, the measures
to adapt to sea-level rise in the adaptation plans of London
(UK), Melbourne (Australia) and Rotterdam (The
Netherlands) take different forms, and their integration
within other measures is specific to each city.

There are also many cities in developed countries
where climate change risk, to their governments, seems a
distant threat as they are struggling with economic decline.
In developed countries, there have been major spatial shifts
in where economic growth and new investment concentrate,
which have left many cities that were formerly centres of
industry and economic success in decline. In such cities, it is
difficult to get much attention to climate change adaptation.

As with earlier discussions of cities in developing
countries, the first step is to get a sense of what new or
increased risks climate change will bring and what impacts
these will or may bring. The examples discussed below —
from London, Melbourne and Rotterdam — illustrate this first
step.”® The next step after this is the intention to act (see
Figure 6.1) — seen in the identification of adaptation options,
including all the sector-specific actions needed for this or to
support this; this, too, can be seen in these three cities.

The Greater London Authority has developed a
climate change adaptation strategy that provides the basis for
adaptation actions. As one of the world’s wealthiest cities,
London has far more abundant financial and technical
resources than most other cities.> Yet, it faces particular
climate risks as a result of its location (on the River Thames),
the age of much of the city’s infrastructure, and the dense
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Box 6.5 Key risks identified by the climate change adaptation strategy of London, UK

concentration of administrative, commercial and financial
activities that are essential to national — and, indeed, global —
finance. The adaptation strategy identifies responses to three
key climate risks: floods, drought and overheating (see Box
6.5). This strategy relies on the contributions of a range of
agencies, operating at the scale of the urban area of London
as well as at the national level.

The Greater London Authority has also recognized
that the provision of ecosystem services — which may help in
the conservation of biodiversity, reduction of pollution or
improvement in the aesthetic value of surroundings — can
also generate benefits in responding to climate change (see
Table 6.3). There are strong co-benefits for adaptation
(reduced flood risk and offsetting of urban heat islands),
mitigation (reduced energy demand, support biodiversity)
and development (reduced noise and air pollution, increased
provision for recreation/leisure).

The adaptation strategy of the City of Melbourne
(Australia) identifies four main climate risks: reduced rainfall
and drought; extreme heat wave; intense rainfall and
windstorm; and sea-level rise (see Table 6.4).9 It also identi-
fies seven urban systems where adaptation actions are need-
ed: water; transport and mobility; buildings and property;
social, health and community; business and industry; energy
and communications; and emergency services. The risk

management process that was used to analyse these risks
included a stage of evaluating risks and deciding whether
these are acceptable or not. If the risks are deemed to be
unacceptable, then they are treated through a process of
adaptation. Throughout, the process is monitored and
reviewed, and is linked with communication and consulta-
tion. The proposed adaptation measures are intended to
reduce the likelihood or consequence of a particular risk or
to increase the level of control over it, thereby making it
tolerable. These have also been sub-graded to identify
whether they fall into the categories of ‘control critical’,
require ‘active management’, require ‘periodic monitoring’
or are of ‘no major concern’. The risks, key themes and key
actions are summarized in Table 6.4.
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The Greater London
Authority has ...
recognized that

the provision of
ecosystem services
... can also

generate benefits

in responding to
climate change

Table 6.3

Ecosystem services
provided by green
spaces and street trees,
London, UK

Green Street  Wetlands River  Woodlands Grasslands

roofs/walls  trees corridors
Reduce flood risk vV v vvv vvv vV vV
Offset urban heat island vV vV vV vV vvv v
Reduce energy demand vV (44 v
Reduce noise/air pollution vV vV
Support biodiversity vV v (44% (44% vvv (44%
Recreation/leisure v v vV vvv vvv
Source: GLA, 2010, Table 7.1
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Table 6.4

Key risks and
adaptation strategies in
Melbourne, Australia

The 1990s brought a
shift in the way that
disasters and their
causes are under-
stood, with much
more attention
being paid to the
links between
development and
disasters

Cities and Climate Change

Risk Key themes

Drought and reduced rainfall ~ + Maximize water-use efficiency
+ Diversify water supply
*+ Maximize water harvesting

+ Improve waterway and bay health

Examples of specific actions

+ Save water through demand management strategies and
behavioural change

+ Structural modifications to treat and/or harvest alternative water
supplies

* Increase installations of rainwater tanks for toilet flushing

*  Investigate the use of artificial turf on sports fields

Intense rainfall and wind event + Better drainage and storm water capture
+ Early public warning system
* Integrated emergency services

*Minimize debris potential
¢ Increased infrastructure standards

+ Better public knowledge and safe behaviour

+ Drainage improvements at flash flood points on transport system

+ Continued upgrading of storm water infrastructure

+ Communications programmes to build capacity for dealing with
transport delays in extreme events

Heat wave and bushfire ¢ Cooler surroundings, inside and out,
through improved infrastructure

* Heat-wave early warning system

+ Better public knowledge and safe behaviour

+ Develop and implement heat wave response plan
* Identification and care of high-risk populations
* Implement changes to urban form to reduce heat-island effect

Sea-level rise + Future-proof planning for sea-level rise
+  Better protection for existing low-lying
developments
+ Better flood control through revised
drainage planning

infrastructure

+ Measures to improve resilience to exposed

* Modelling of flood risk and infrastructure impacts to sea-level rise

* Development of suitable planning guidelines to reflect findings
of modelling

* More extensive storm water capture and reuse

* Alteration of at-risk residential buildings to facilitate entrance and exit
during significant floods

Source: City of Melbourne, 2009

Two ‘high value’ (or cost-effective) adaptation
measures have been identified that have the potential to
provide benefits across many risks:

1 storm water harvesting, which can assist in reducing the
impact of flash-flooding events through storing excess
storm water while simultaneously storing water for use
in times of drought; and

2 passive cooling, which can reduce the heat-island effect
by reducing temperatures both inside buildings and at
street level, therefore reducing overall exposure to the
effects of heat waves.

This concept of ‘high value’ adaptation can provide a useful
tool for adaptation planning, as it indicates the interventions
that can have the greatest impact. This is an important
consideration, particularly in a context of resource scarcity.

Perhaps not surprisingly, many cities in The
Netherlands are considering climate change adaptation
measures. The Netherlands has centuries of experience in
responding to the challenges faced by being low-lying and
coastal. The City of Rotterdam — as a coastal city and one of
Europe’s largest ports — is particularly aware of these
challenges and is aiming to be climate change proof by
2025.5! The main threat to the city (and the main focus of
adaptation measures) is from coastal flooding. Investment in
adaptation is necessary to safeguard the health and security
of the population, to prevent damage caused by climate
change from being unmanageable, to increase the return on
investments in the use of public spaces and infrastructure,
and to ensure that solutions are innovative and attractive.
Responses to climate change in Rotterdam address three key
themes:

1 Knowledge. Knowledge for climate adaptation is being
generated through cooperation with a range of relevant

parties, including water and hydraulic engineering insti-
tutes, universities, businesses, water boards, housing
corporations and developers. New research is being
conducted into issues of flooding and heat stress, and
knowledge is being exchanged with other port cities,
both within and outside The Netherlands.

2 Action. This involves the implementation of projects
designed to prevent flooding or to reduce its effects.
This includes raising dykes, excavating areas to contain
extra water, and flood-proofing buildings in areas that
are likely to be flooded. In addition, a variety of inter-
ventions will be made to ease heat stress in the city —
for example, by providing additional shade and cooling.

3 Marketing. The City of Rotterdam seeks to be at the
forefront of adapting to climate change, and will create
a distinct profile for itself as a positive example of a
climate-adaptive city in a delta. This is important for
relationships with urban residents, major stakeholders
(including government agencies and universities) and
other cities around the world.

The links between adaptation and
disaster preparedness®

The 1990s brought a shift in the way that disasters and their
causes are understood, with much more attention being paid
to the links between development and disasters.% In Latin
America, many city governments began to explore this and
implement disaster risk reduction measures. This was
spurred by the numerous major disasters in the region and
supported by decentralization processes and state reforms in
many countries.® Several countries enacted new legislation
that transformed emergency response agencies into national
risk reduction systems.®> Some city governments incorpo-
rated disaster risk reduction within development as they
changed or adjusted regulatory frameworks, upgraded infra-




structure and housing in at-risk informal settlements, and
improved urban land-use management with associated
zoning and building codes.

This shift by local governments to disaster risk reduc-
tion has been driven by different factors. In some countries,
it is driven by stronger local democracies (e.g. a shift to
elected mayors and city councils) and decentralization (when
city governments have a stronger financial base). Sometimes
the trigger was a particular disaster event, such as the devas-
tation brought by Hurricane Mitch in Central America (in
1998). Or it was a sequence of events, such as the Popayan
earthquake (1983), the Armero mudslide (1985) and other
disasters in Colombia. These events encouraged countries,
and within these, city and municipal governments, to look
more closely at the scale and nature of disaster risk and
consider what investments and measures could be put in
place to reduce disaster risks. Innovations here include those
undertaken by specific local governments, but, as impor-
tantly, also those that involve cooperation and coordinated
action among groups or associations of local governments. In
several countries, there are also national systems to support
local authorities and other stakeholders in disaster risk
reduction.

These have relevance for climate change adaptation
because many are reducing risk levels or exposure to risk for
the extreme weather events that climate change is, or is
likely, to make more intense, frequent or unpredictable.
However, they also have relevance beyond this in that many
measures to reduce disaster risk build resilience to a range
of hazards. Also, strengthening the capacity to respond
rapidly and effectively to disasters and to work with those
affected to rebuild their lives, homes and livelihoods will
serve all forms of disaster response, whether or not climate
change had a role in the disaster.

By 2007 when the IPCC published its Fourth Assess-
ment Report, adaptation to climate change was already
taking place in some cities, although these were mostly
driven by climate variability. Indeed, societies have a long
record of adapting both agriculture and settlements to the
impacts of weather and climate through a range of practices
that include diversification, water management, disaster risk
management and insurance.% Yet, climate change poses a
new set of risks that may be substantially different from
those experienced in the past, and the challenge for adapta-
tion is to ensure that both development needs and the needs
imposed by a changing climate (and their link to disaster
risk) are met simultaneously.

TOWARDS EFFECTIVE CITY-
BASED CLIMATE CHANGE
ADAPTATION STRATEGIES

What can be seen from the examples above are the begin-
nings of city-based adaptation strategies in some cities.
These are what might be called the early adapters as well as
the early adopters.®” Getting a more widespread attention by
city and municipal governments to climate change adapta-
tion will need clearer and more detailed risk assessments
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and a better understanding of how adaptation measures can
serve and be integrated within development and disaster risk
reduction. It also depends on whether local governments
have the knowledge, capacity and willingness to act.

The experiences discussed above indicate that there
is an obvious interest in reviewing adaptation responses to
potential climate change impacts in different sectors — for
instance, in potential damage to infrastructure, to city
economies and to public health — and to specific groups that
are more vulnerable. There is also an interest in how adapta-
tion responds to the potential social and economic impacts
of climate change upon individuals and households, includ-
ing those relating to displacement and forced migration (and
possibly to security). In each of these, there are issues of
whose needs are served (and whose are not) by adaptation
responses, especially in relation to income level, gender and
age. Thus, a whole series of questions might be raised to
assess the effectiveness of adaptation policies and practices,
including, inter alia:

* Do adaptation measures focus on protecting or serving
wealthier groups and districts?

*  Are those living in informal settlements included and, if
so, does this include all informal settlements or only
those ‘recognized’ by the government or those who are
more easily accessed?

* Do the particular risks and vulnerabilities women face
because of their household, childcare and livelihood
responsibilities, or the discrimination they face in
getting access to services and finance that can support
adaptation, get considered?

* [s the main response in adapting infrastructure to
protect what are seen as the most economically impor-
tant city assets, or to protect city populations with
particular attention to those most at risk?

As yet, too few cities have developed coherent adaptation
strategies and even fewer have strategies that have begun to
have a real influence on public investments and to get
needed changes in building and infrastructure standards
and land-use management. Most of the literature on climate
change adaptation and cities is focusing on what should be
done, not on what is being done (because too little is being
done). For instance, some city adaptation strategies are
justified, in part, by initial figures on the economic assets at
risk or by the damage done by extreme weather in the
past.®® In most developed countries and some other
countries, revisions to building and infrastructure standards
that increase safety margins for likely climate change
impacts are being considered. Public health responses to
heat waves are being rethought, especially after the limita-
tions revealed by the heat wave in Europe in 2003 — and
some cities where heat waves have long been present have
strengthened their capacity to reach and serve many of
those most at risk. Many local governments have taken
measures to manage freshwater resources better because of
supply constraints; in many places, these often serve as the
first steps for addressing additional water constraints
brought by climate change.
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Table 6.5

Examples of climate
change preparedness

Priority Preparedness goal Preparedness actions

planning area

. Addressing Expand and diversify water supply. + Develop new groundwater sources.
goals and actions constraints on + Construct new surface water reservoirs.
freshwater supply + Enhance existing groundwater supplies through aquifer storage and recovery.
* Develop advanced wastewater treatment capacity for water reuse.
Reduce demand/improve leak * Increase billing rates for water (possibly with a pricing structure that charges more
management. for high consumption).
+ Change building codes to require low-flow plumbing fixtures (e.g. shower heads that
cut water use).
+ Provide incentives (e.g. tax breaks, rebates) for switching to more water-efficient
processes.
+ Reduce leakage and unaccounted for water.
Increase drought preparedness. + Update drought management plans to recognize changing conditions.
Increase public awareness about + Provide information on climate change impacts upon water supplies and how
impacts upon water supplies. residents can reduce water use — for instance, in leaflets sent to water consumers with
their bills, newsletters, websites, local newspapers.
Storm and Increase capacity to manage storm * Increase capacity of storm water collection systems and ensure their maintenance
floodwater water. (which usually includes a need to extend solid waste collection services to all districts).

management + Modify urban landscaping requirements to reduce storm water runoff.

+ Preserve ecological buffers (e.g. wetlands).
Reduce property damage from flooding. ~ * Move or abandon infrastructure in hazardous areas.

+ Change zoning to discourage or prevent development in flood-hazard areas.

+ Update building codes to require more flood-resistant structures in floodplains.
Improve early warning systems for + Increase the use of climate and weather information in managing risk and events —
storm and flood events. including the systems that ensure populations at risk get warnings and are able and

willing to move temporarily to safe locations when needed.

+ Update flood maps to reflect changes in risk associated with climate change.
Reduce impacts of extreme heat events.  * Ensure effective early warning systems for extreme heat events with particular
attention to reaching those most at risk.
Consider what measures can serve those most at risk with particular attention to those
living in heat islands and those most vulnerable to heat stress; can include opening
‘cooling’ centres during extreme heat events with provision to encourage and support
those at risk to move there.
Encourage and promote modifications to the built environment that reduce heat gain,
especially the heat-island effect.
* Adopt measures within urban centres to reduce urban temperatures, including
protection of open space, green space and use of shade trees.
Ensure effective surveillance systems for known diseases and potential diseases
moving into the area, and act upon disease prevention and prepare healthcare system to
respond.

Public health

Improve disease surveillance and
protection.

Climate change
adaptation needs to
develop
preparedness goals
and actions for each
priority planning
area

Increase public education on disease prevention for vector-borne diseases and other
diseases that could increase as a result of climate change.

Source: adapted from ICLEI, 2007

There are also issues regarding the social impacts of
adaptation measures. For the many cities that need major
investments in storm and surface drainage systems, their
design and construction have the potential to displace infor-
mal settlements — especially those alongside existing drains
and rivers — although there are good examples of this being
avoided as drainage capacity is increased.? Measures to better
manage water reservoirs and watersheds might include the
displacement of informal settlements — although there are
examples showing how this can be avoided.”® New controls
on coastal development to reduce risks from sea-level rise
and storms can threaten existing settlements — as they did
after the Indian Ocean Tsunami in 2004, although here, too,
there are examples of alternative practices that have made
coastal settlements more resilient rather than forcing their
inhabitants to move.”!

The first part of this section reviews lessons from the
previous section and presents generic lessons for city
governments. This is followed by an assessment of adapta-
tion responses in the various economic sectors. The third
part takes a closer look at how to build resilience at the local
level, while the fourth part reviews the links between

adaptation planning and local governance. The final part of
this section presents UN-Habitat’s Cities and Climate
Change Initiative as an illustration of how international
agencies can support climate change adaptation initiatives at
the local level.

Generic lessons for city governments

Table 6.5 provides examples — for city governments — of how
climate change adaptation needs to develop preparedness
goals and actions for each priority planning area. The table
addresses this by focusing on three kinds of impacts that will
affect many cities: constraints on freshwater supplies; storm
and floodwater management; and impacts upon public
health, such as extreme heat and higher risks from diseases
spread by certain vectors. The diversity of needed actions
also highlights how many different departments of city
government need to be involved and to be able to work
together.

Drawing on the examples provided in this chapter, it
is possible to identify certain key components for developing
city adaptation strategies:



Build commitment among different stakeholders. This is
an essential first stage. There is a need to get an official
recognition by and within cities that climate change
impacts need to be considered. This has to include
building knowledge and commitment within the differ-
ent departments of local government, many of whom
may see climate change adaptation as drawing resources
or attention away from their sectors.” Without the
commitment of a range of individuals, groups and
sectors, it is impossible to address the multiple cross-
cutting aspects of adaptation. It is also clear from
specific examples of cities developing adaptation
strategies that particular individuals had important roles
in initiating this — for instance, a mayor or a senior civil
servant — although, of course, its success depends on
others responding positively.

Develop or expand the information base on current
conditions. An important part of this is considering the
impact of past extreme weather and other disasters in
each city or municipality. This should seek as much
detail as possible, ensuring the inclusion of ‘small disas-
ters’ (disasters that do not get included in international
disaster databases), and could draw on the DesInventar
methodology developed in Latin America and now
widely applied elsewhere, which looks more intensively
at disasters in any locality and includes ‘small
disasters’.”®

Initiate risk/vulnerability assessments for the city. Such
assessments should be built up from community and
district assessments (and from global and national
projections about climate change impacts). [n many
cities, this can and should include the kinds of
community-driven assessments undertaken by the
Philippines Homeless People’s Federation that were
described earlier (see Box 6.3). It may be seen as labori-
ous and time consuming; but engagements with women
and men in settlements and districts that are affected
most by extreme weather can produce a more detailed
and nuanced understanding of risk and vulnerability —
and, thus, a better basis to understand what adaptation
is needed - as illustrated by the experiences from the
urban communities of Mansién del Sapo and Maternillo
in Puerto Rico.” Such an assessment should include as
much geographic detail as possible. Furthermore, it
needs to link hazard maps with details of what is
currently located within the hazardous zones — includ-
ing identifying population groups or settlements most at
risk and activities that may pose particular risks (e.g.
Wwater treatment plants located in areas at risk from
flooding). It is also important that city assessment can
draw data from global and national projections about
climate change impacts. At present, many such projec-
tions are insufficient and imprecise, or at times even
contradictory, thus impeding local action. It is, for
example, difficult for local governments to plan for
appropriate future land use if projections of climate
change implications are weak or contradictory.”®
Assess sector-specific vulnerability and responses. Risks
from climate change vary greatly between sectors — and
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the responsibilities for addressing them vary greatly
across the different administrative divisions and depart-
ments that make up local and extra-local governments.
Adapting to climate change does not only depend on all
the key sectors and departments seeing the relevance of
actions within their jurisdictions and areas of compe-
tence. It is also essential that these departments take
appropriate action. However, it is difficult to get all key
spending and investing sectors and departments to do
this — and the department or division with responsibility
for directing attention towards climate change adapta-
tion rarely has more than an advisory role and,
moreover, usually has a very limited budget of its own
for investment. It needs to convince the departments
concerned with public works, public health, housing,
solid waste management, schools, etc. to engage with
adaptation. The adaptation strategies of Durban (South
Africa), London (UK) and Melbourne (Australia)’®
sought to make clear how the main climate threats are
linked to specific sectoral responsibilities, and this has
made the responsibilities for adaptation much clearer.
Agencies responsible for disaster preparedness response
have particular importance — although these often need
to broaden their focus beyond response to disaster
preparedness (and disaster prevention) and all that this
implies for their engagement with city- and community-
level housing and infrastructure investments. The
agencies responsible for disaster response will often see
the relevance and importance of their engagement in
this; but they too often lack influence and resources,
especially in relation to the measures that avoid or
prevent disasters.”” Utility companies, different govern-
ment departments, and the private sector will all have
key roles, too, in addressing specific vulnerabilities.
Develop strategic plans for the city as a whole and its
surrounds.” Urban authorities should have the key role
in developing strategic plans for the city as a whole; but
this needs to be done in association with other stake-
holders. These strategic plans are necessary to ensure
complementarities and coordination between different
activities in the urban area. Several of the most effective
strategies described above have included strategic
adaptation plans. This has been an important part of the
process in both Cape Town and Durban (South Africa) —
however, because of the commitment from the munici-
pality’s Environmental Planning and Climate Protection
Department, the plans have moved closer to implemen-
tation in Durban. For many major cities, the strategic
plans need to encompass the larger region on whose
resources and ecosystem services the city depends. This
is more easily done when the area under the jurisdic-
tion of the city government includes this larger region;
the added complexities politically and institutionally
where this is not so are obvious.

Support local responses to climate change. Many of the
key adaptations to climate change will require individual
and collective action at the community level to build
resilience and prevent harmful effects. It is widely
accepted that much adaptation will be undertaken
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Table 6.6

Examples of
specific adaptation
interventions by sector

Cities and Climate Change

Sector

Water

Adaptation option/

strategy

Expanded rainwater
harvesting; water storage
and conservation techniques;
water reuse; desalination;
water-use and irrigation
efficiency.

Underlying policy
framework

National water policies and
integrated water resources
management; water-related
hazards management.

Key constraints to
implementation

Financial and human
resources; physical barriers.

Key opportunities to
implementation

Integrated water resources
management; synergies with
other sectors.

Infrastructure and
settlements

Relocation; sea walls and
storm surge barriers; dune
reinforcement; land
acquisition and creation of
marshlands/wetlands as
buffer against sea-level rise
and flooding; protection

of existing natural barriers.

Standards and regulations
that integrate climate change
considerations within design;
land-use policies; building
codes; insurance.

Financial and technological
barriers; availability of
relocation space.

Integrated policies and management;
synergies with sustainable
development goals.

Human health

Heat-health action plans;
emergency medical services;
improved climate-sensitive
disease surveillance and
control; safe water and
improved sanitation.

Public health policies that
recognize climate risk;
strengthened health services;
regional and international
cooperation.

Limits to human tolerance
(vulnerable groups);
knowledge limitations;
financial capacity.

Upgraded health services; improved
quality of life.

transmission and distribution
infrastructure; underground
cabling for utilities; energy
efficiency; use of renewable
sources; reduced dependence
on single sources of energy;
increased efficiency.

regulations, and fiscal and
financial incentives to
encourage use of alternative
sources; incorporating
climate change within
design standards.

financial and technological
barriers; acceptance of
new technologies.

Tourism Diversification of tourism Integrated planning (e.g. Appeal/marketing of new Revenues from ‘new’ attractions;
attractions and revenues; carrying capacity; linkages attractions; financial and involvement of wider group of
shifting ski slopes to higher with other sectors); financial logistical challenges; potential  stakeholders.
altitudes and glaciers; artificial  incentives (e.g. subsidiesand  adverse impact upon other
snow-making. tax credits). sectors (e.g. artificial

snow-making may increase
energy use).

Transport Realignment/relocation; Integrating climate change Financial and technological Improved technologies and
design standards and considerations within barriers; availability of less integration with key sectors
planning for roads, rail and national transport policy; vulnerable routes. (e.g. energy).
other infrastructure to cope  investment in research and
with warming and drainage. ~ development for special

situations (e.g. permafrost
areas).
Energy Strengthening of overhead National energy policies, Access to viable alternatives;  Stimulation of new technologies;

use of local resources.

Source: based on Parry et al,2007b, Table SPM4

incrementally by individuals and households, and that
communities and local organizations also have impor-
tant roles in this. There are many examples of
community-driven ‘slum’ upgrading that greatly reduced
environmental health risks; if served with appropriate
information and support, these can include attention to
climate change risks (which in the next few decades are
mostly increased risk levels from hazards already
present). The above examples from the Philippines (see
Box 6.3) show that community organizations have the
capacity to build resilience and identify appropriate
short- and long-term responses to climate events — if
they are adequately supported by local authorities. This
latter point is an important one; as was noted above,
effective climate change strategies require a partnership
approach — involving households and communities, but
also the various levels of government and other
partners, including international organizations.

Adaptation responses to potential impacts
in different economic sectors

It is clear from the discussion above that climate change
adaptation action is needed in almost all sectors; Table 6.6,
drawn from the IPCC, provides some examples of the kinds
of specific adaptation interventions needed by some of the
key sectors. Although this table does not highlight this,
much of what is listed in the adaptation option/strategy will
fall to local government to implement, even if it needs
resources and policy and regulation frameworks from higher
levels of government.

With regard to infrastructure, most fields of infra-
structure management already incorporate measures to cope
with climate variability and extreme events — including
water, sanitation, transport and energy management. What is
required, in addition, is to include climate-proofing of infra-
structure for future climate change.”® Adaptation to climate
change will typically involve increases in reserve margins and
other kinds of back-up capacity, and attention to system
designs that allow adaptation and modifications without

What is required ...
is to include
climate-proofing of
infrastructure for
future climate
change



major redesigns and that can accommodate more extreme
conditions for operations.? Infrastructural adaptation can
take one of several forms: building retrofitting and strength-
ening; lifeline infrastructure strengthening; and hazard
modification.3! In Georgetown (Guyana), detailed cost-
benefit analyses have been used to assess the most
important and cost-effective infrastructural responses to
climate change. These have been complemented by a more
qualitative approach that seeks to identify costs and benefits
from a non-monetary perspective.t?

Infrastructure can be adapted in a variety of ways, not
all of which require complicated technological solutions.
Planned adaptation to sea-level rise can involve retreat,
accommodation or infrastructural solutions (as is illustrated
in Figure 6.3). However, in practical terms, there are strong
social, political and economic reasons for protecting land
that has already been developed in densely settled urban
areas.

There are a growing number of examples of urban
areas that have adopted infrastructural solutions to address
particular aspects of climate change (although it should be
noted that some of the examples provided below, such as
that of Venice, are related to natural processes that would
require attention even without the added risk brought about
by climate change):

*  Responses to flooding. In Venice (Italy), the Modulo
Sperimentale Elettromeccanico (‘Experimental
Electromechanical Module’) involves the construction
of 79 gates at three lagoon inlets: when waters rise
1.1m above ‘normal’, air will be injected into these
hollow gates, causing them to rise and preventing the
city from flooding. In many developing countries, few
projects have been implemented; although proposed
strategies exist for Nam Dinh Province (Viet Nam),
including building reservoirs to retain floodwater,
strengthening dyke systems to resist higher flood levels,
and constructing emergency spillways along dykes for
selective filling of flood retention basins.®

e ater conservation. Singapore has a Four National Taps
Strategy to ensure the future supply of water. The first
‘tap’ is the supply of water from local catchments based
on an integrated system of 15 reservoirs and an exten-
sive drainage system to channel water into these; the
second is imported water from Johor (Malaysia); the
third is high-grade reclaimed water; and the fourth is
desalinated water.®*

*  Reducing urban temperatures. ‘Cool roofs’ and ‘porous
pavements’ are being used in Vancouver (Canada) to
reduce the urban heat island. These are covered with
light-coloured water sealants that reflect and radiate
more heat than dark surfaces, thus reducing the need
for mechanical cooling systems.®

The World Bank and the Asian Development Bank have been
developing their capacity to design and deliver infrastructure
that will meet the needs of climate change.8% Investment in
infrastructure can support sustainable socio-economic devel-
opment, and can also facilitate reconstruction and recovery.

Climate Change Adaptation Responses in Urban Areas
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However, infrastructural investment is fraught with
challenges. Large-scale interventions of this type have
frequently failed to take into account the particular social
and economic context of the areas in which they are imple-
mented, with negative social consequences, including forced
relocations®” and provision of services in a way that fails to
meet the needs of low-income groups.

Building resilience

The many measures by which low-income households and
communities try to cope with extreme weather, and their
importance in reducing risks, has been discussed at length
already. Many of these measures would fit with the defini-
tion of resilience given by the IPCC: the ‘ability of a social or
ecological system to absorb disturbances while retaining the
same basic structure and ways of functioning, the capacity
for self-organisation, and the capacity to adapt to stress and
change’.® Indeed, the many examples of simple pragmatic
ways of coping with floods such as having shelves high up
walls above anticipated flood levels, and furniture (often
raised on bricks) on which the residents can sit or sleep
could be included in this definition.

There are important components of resilience beyond
‘hard’ infrastructure — in part because hard infrastructure
will be unable to remove or greatly reduce many risks,
especially if the governments of the world do not reach
agreement on needed emissions reduction soon.® Thus,
resilience is also a capacity to live in hazardous, changing and
uncertain environments®® and through assets, social
networks and partnerships to have the needed capacity to (in
the words of the IPCC) ‘absorb disturbances while retaining
the same basic structure and ways of functioning’.%!

Perhaps the building of resilience should be under-
stood as a way of enabling not only coping with added shocks
and stresses, but also addressing the myriad challenges that
constrain lives and livelihoods. Thus, a key part of building
resilience is facilitating poverty reduction and more general
improvements to the quality of human lives.%?

Many interventions being undertaken in urban areas
around the world — by local, municipal, national and interna-
tional stakeholders — contribute to building this resilience
through improving housing, infrastructure and services,
particularly for the urban poor. Addressing the challenges of

Figure 6.3

Adapting infrastructure
to sea-level rise

Source: Parry et al, 2009, p63
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climate change adaptation may not be the explicit or primary
purpose of these activities; but, in practice, they provide an
essential foundation for the process of adaptation. Indeed,
for many cities in developing countries, this is likely to be
the single most important component of an overall adapta-
tion strategy.

In addition, many of these urban areas already experi-
ence an ‘adaptation deficit’. The infrastructure is
insufficient to cope with present climatic conditions — let
alone those that will arise as a result of climate change.
Existing storm drains, water supply networks and transport
infrastructure may have been developed decades ago to
serve a much smaller population — and before these can be
‘adapted’ to deal with future climate threats, they must first
be upgraded to deal with current conditions. In this respect,
it is helpful to consider Stern’s definition of adaptation:
‘development in a more hostile climate’.”® Many of the
adaptation needs for urban areas in developing countries
are based on the need for development that takes a
changing climate into account.

A wide range of urban improvement programmes and
projects around the world can be seen as contributing to
reducing the infrastructure deficit and increasing urban
resilience to climate change. Global initiatives to improve
urban housing (such as UN-Habitat’s World Urban Camp-
aign® and its predecessor, the Global Campaign for Secure
Tenure) and provide appropriate plans for urban develop-
ment (such as the City Development Strategies” promoted
by the Cities Alliance) can form the basis for building urban
resilience. However, these large-scale responses require
careful analysis to ensure that they remain genuinely pro-
poor and meet the needs of the most vulnerable urban
residents.”

Many communities are already involved in activities
that will build the resilience of individuals and households.
For many low-income urban residents, savings schemes®’
form the basis for this resilience. The practice of saving
regularly with such schemes has both instrumental benefits
(the ability to access funds when necessary) and organiza-
tional benefits (the relationships of trust built up around
small savings groups are central to identifying solutions to
larger problems). Small-scale loans repaid over very short
time periods provide much needed capital for livelihood
activities. They can develop into small-scale loans to help
improve or extend housing. Furthermore, organized savings
groups have also demonstrated the ability to negotiate for
and acquire new land sites that are not vulnerable to climate
threats, such as flooding and landslides, upon which to build
secure housing and thus provide protection against short-
and long-term climatic threats.

Insurance policies for houses, possessions and
businesses contribute to resilience where they provide
compensation to those whose homes, possessions and
businesses have been damaged or destroyed. They could also
contribute to building resilience by including financial incen-
tives (such as reduced premiums) for those who have
reduced their risks. However, this will not serve those
unable to access the formal housing market and/or those
who cannot afford insurance. For urban centres in develop-

ing countries, this means most of the population and most
enterprises. Insurance companies will not offer insurance
coverage to cities or to households and businesses on city
sites at high risk from climate change because of inappropri-
ate locations or deficits in infrastructure.

Adaptation planning and local governance

Drawing on the descriptions of household, community-based
and local government actions for adaptation in previous
sections, this section considers the relative roles for commu-
nity-based adaptation and for adaptation planning and
governance. These tend to operate at different scales
(although often with cross-scale linkages) and to involve a
distinct balance between individual and collective action,
and between behavioural and structural (in terms of both
housing and infrastructure) responses. Yet, these frame-
works should be viewed as complementary rather than as
mutually exclusive. As is evident from a wide range of
studies on addressing urban environmental challenges more
broadly, there is a need to link structural and behavioural
responses. For example, individuals and community groups
in cities with limited investment capacities may be best
placed to devise the most appropriate sanitation solutions for
themselves and their neighbourhood — but these are of little
use without larger investments at the scale of the town or
city to ensure convenient and easily accessed water supplies
for personal hygiene and appropriate provision for the
removal of human waste.”® Conversely, large-scale infra-
structural developments to improve drainage and reduce
flooding require the knowledge and expertise of engineers;
but these interventions will have little value if they do not
take into account the needs of those in informal settlements
and the social and behavioural norms and expectations of
urban residents. Drainage systems also have their capacity to
protect cities from flooding much reduced if they are not
maintained (which may need community support) and
protected from encroachment.

In urban areas of developed countries, citizens take for
granted that a range of local structures and organizations
provide protection from environmental hazards and help to
create resilience to potential disasters. It is assumed that
these will also provide for adaptation to climate change. Here,
residents do not need to organize themselves to clear drains
and collect solid wastes; these are tasks that local authorities
do or organize. These urban areas have infrastructure and
services that protect them from environmental hazards
(through, for instance, the provision of safe water supplies,
sewers and drainage) or help them to cope when illness or
injury occurs (e.g. through well-managed healthcare and
emergency service systems).” In urban areas in developing
countries, these facilities and services are frequently absent
or they serve only a proportion of the population. Local
governments lacking capacity and funding, and with large
infrastructure and service deficits need the contributions
that community-based organizations can bring, There are also
the exceptional local governments that have shown how!% —
even with limited resources — effective governance and
planning can work towards facilitating urban adaptation.



Planning for adaptation can take place at a range of
scales. As described in the previous section, some urban
areas have developed plans for adaptation at both the city
and sectoral levels as a key component of their preparation
for climate change. The examples of Cape Town and Durban
(South Africa) showed how large urban areas can develop
municipal-level plans for adaptation that take into account a
range of social and environmental challenges.!”! These
provide the framework within which local government
departments, the private sector, civil society and individuals
can prepare and implement their contributions to strategies
for adaptation within development or investment plans.
There are other examples where city governments have
successfully avoided large-scale settlement by low-income
populations on dangerous sites that would be at risk from
climate change. In Manizales (Colombia), local authorities,
universities, NGOs and communities worked together to
develop programmes aimed not only at reducing risks, but
also at improving the living standards of the poor and at
protecting fragile ecological areas. Households were moved
off the most dangerous sites, but rehoused nearby, and most
of the former housing sites were converted into eco-parks
with strong environmental-education components.'%? In Tlo
(Peru), long-term engagement by consecutive democratically
elected mayors have improved water supply, sanitation,
electricity provision, waste collection and public space.
Despite the population increasing fivefold between 1960
and 2000, no land invasion or occupation of risk-prone areas
by low-income groups looking for housing has taken place, as
local authorities have implemented programmes to accom-
modate this growth in a sustainable way.'%

There are also the examples of resident groups in
cities that organized to influence the future development of
their city along more ecologically sustainable paths. These
include some where climate change adaptation has been
important — as in the city of Tatabdnya (Hungary), some
50km from the capital city of Budapest, which offers an
example of how community members can be an important
driver and resource in climate adaptation (see Box 6.6).1%
Participatory budgeting has become one of the best known
and most widely applied forms of citizen engagement in the
plans and priorities of city governments,'% and in some
cities, this engagement has included a strong focus on
environmental issues. %0

In London (UK) (see Box 6.5) and Bangkok (Thailand)
(see Table 6.2), the approach to climate change adaptation
planning has been to identify particular sectors that are ‘at
risk’ and develop plans to address each of these, and with
the delegation of responsibility to appropriate agencies. This
requires an effective system of oversight and control, and
relies on these agents having sufficient financial and techni-
cal capacity to make the appropriate investments and
interventions. In London, strategies are being developed to
address the three key climate risks affecting the city — flood-
ing, drought and overheating. Bangkok will be vulnerable to
a similar set of risks, and the Bangkok Metropolitan
Administration has proposed adaptation measures to be
taken by the community infrastructure sector, the business
and commercial sector, and the general population.

Climate Change Adaptation Responses in Urban Areas

Box 6.6 Citizen-driven city adaptation in Tatabanya, Hungary

Urban areas on Mexico’s Yucatan coast have been
involved in a process of social learning for climate-proofing,
based on bringing together a range of stakeholders.!? This
involves a three-stage process of consciousness, institutional-
ization and implementation:

o Consciousness is the process of reflection on
established norms and practices with the aim of gener-
ating new visions.

* [nstitutionalization is the process of changing stakehold-
ers in urban governance to facilitate new norms and
practices.

* Implementation is the capacity to enact new practices
and activities.

Social learning by civil society is seen as an essential pre-
requisite to effective adaptation planning. This is particularly
s0 in a context where the government is constrained by a
highly competitive and dynamic political culture, with politi-
cians and officials coming in and out of office frequently and
seldom building on past knowledge or initiatives.

Urban adaptation planning is therefore intrinsically
linked with local governance. A study of ten Asian cities
found that preparation for climate change was strongly
linked with climate-resilient urban governance.!®® This
includes decentralization and autonomy, accountability and
transparency, responsiveness and flexibility, participation
and inclusion, and experience and support. Urban gover-
nance systems that exhibit these characteristics are better
able to build resilience through having more effective finan-
cial and technical management capacities in ‘climate-
sensitive’ sectors such as waste, water and disaster manage-
ment. Responsiveness and flexibility are crucial, given the
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Table 6.7

Adaptation to extreme

Role for city/municipal government Long-term Pre-disaster  Immediate post-

damage limitation disaster response

Rebuilding

protection

V{eather:.'ljhe role of Built environment

citylmunicipal Building codes High High' High

governments Land-use regulations and property registration High Some High
Public building construction and maintenance High Some High
Urban planning (including zoning and development controls) High High" High
Infrastructure
Piped water, including treatment High Some High High
Sanitation High Some High High
Drainage High High™ High High
Roads, bridges, pavements High High High
Electricity High Some! High High
Solid waste disposal facilities High Some? High
Wastewater treatment High High
Services
Fire protection High Some High Some
Public order/police/early warning Medium High High Some
Solid waste collection High High™ High High
Schools Medium Medium
Healthcare/public health/environmental health/ambulances Medium Medium High High
Public transport Medium High High High
Social welfare (includes provision for childcare and old-age care) Medium High High High
Disaster response (over and above those listed above) High High
Notes: * It is important that these do not inhibit rapid responses.
*#* Clearing/de-silting of drains and ensuring collection of solid wastes has particular importance just prior to extreme rainfall; many cities face serious flooding from extreme rainfall
that is expected (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 et al, 2009¢
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limited predictability of the consequences of climate change.
At the same time, the involvement of the poor and marginal-
ized groups in decision-making, monitoring and evaluation is
key to improving the living conditions of these groups. In the
context of Mexico, it has been argued that the quality of the
governance process is the most important component for
enabling climate change adaptation.!% The need to adapt to
climate change and the need to adapt governance systems to
be more responsive and effective are therefore closely
linked.

Table 6.7 highlights the range of roles that city or
municipal governments have in climate change adaptation. It
is a reminder of how much adaptation depends on action
within many different sectors or parts of local govern-
ment.'!9 This means that adaptation planning needs support
not only from public works departments and from develop-
ment planning and development control, but also from the
departments dealing with environmental health, public
health, and social and community services (including trans-
port and public space management, and emergency
services), as well as those dealing with finance and disaster
management.''! Adaptation to climate change is often taken
to mean protection against likely changes (e.g. better
drainage systems or coastal defences); but it should also
involve three other components listed in Table 6.7: damage
limitation measures taken just before an extreme event (that
has the potential to cause a disaster), immediate post-
extreme event response, and rebuilding. There is also a
range of measures that local governments can take that
support resilience at the household and community levels.
This includes slum and squatter upgrading and schemes that
help those with limited incomes to afford to buy, build or

rent safer, better served accommodation (although to be
effective for adaptation, these need to be guided by climate
change risk assessments and appropriate responses). It also
includes measures to strengthen or support livelihoods and
food security for low-income groups. Urban food security
depends on households being able to grow or afford food
within other needs that have to be purchased.!!2 The extent
of food insecurity among low-income households in urban
areas is given too little consideration,'!3 which also means
that their vulnerability to the impacts of climate change on
agriculture is probably underestimated.

Measures to support resilience include more effective
and accessible healthcare services and emergency response
services that are prepared for the scale and nature of
climate-related (and other) potential disaster risks. It also
includes an early warning system that actually reaches all
those in need with appropriate information, combined with
knowledge of what to do and where to go — and provision to
ensure that all can move to identified safe places, when and
where needed. It also means a capacity to respond after
disasters — as in the measures listed in Table 6.1 for immedi-
ate post-disaster response and rebuilding. Within this, there
is a clear need for all measures taken to address gender-
specific issues of risk management and adaptation, from
shelter management to empowerment, and inclusion of
women in decision-making at all scales for stronger emphasis
on long-term and risk-averse initiatives.

UN-Habitat’s Cities and Climate
Change Initiative''*

The UN-Habitat Cities and Climate Change Initiative



City

Esmeraldas
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Proposed activities

Zoning of riverbanks and preparation of a participatory land-use plan.

Preparation of a risk management plan.

Implementation of an environmental management plan for the Teaone River (including solid waste management and riverside
rehabilitation through reforestation).

Kampala

Establishment of national and city climate change network.
Increasing awareness and capacities of Kampala City Council.
Increasing synergies between national and local climate change policies and programmes.

Maputo

Strengthening disaster risk preparedness at the community level.

Localizing the national climate change adaptation plan.

Promoting policy dialogue to strengthen the government response capacity to floods.
Education and public awareness campaigns to create climate change awareness.
Capacity-building with local government and a wider range of partners.

Sorsogon

e o o o

Development of knowledge products for sharing and cross-fertilization of ideas.

Demonstration of innovative technologies for climate-resilient human settlements, particularly in low-lying urban coastal areas.
Development of the capacity of the city government.

Advocacy, awareness-raising and partnership building on climate change with stakeholders and the general public.

Source: UN-Habitat, 2008a

provides an illustration of how international agencies can
support local adaptation action. It aims to strengthen the
climate change responses of cities and local governments.
The initiative is currently being piloted in four cities —
Esmeraldas (Ecuador), Kampala (Uganda), Maputo (Mozam-
bique) and Sorsogon City (the Philippines).'' This initiative
brings together local and national governments, academia,
NGOs and international organizations to alert cities to the
actions that they can take to respond to climate change. Key
programme components that are being encouraged for
adaptation to climate change include advocacy and policy
change, the development and use of toolkits, and knowledge
management and dissemination. An important component in
this project is the creation of a global network of cities
working on adaptation issues, among whom knowledge can
be generated and shared.

The four pilot cities in this initiative face a range of
challenges related to climate change. Sorsogon City, Maputo
and Esmeraldas are all coastal cities affected by frequent
flooding and at risk from sea-level rise. In addition, Sorsogon
is at risk from tropical cyclones; Esmeraldas has many house-
holds living on hillsides and riverbanks; and the protective
mangroves around Maputo are disappearing. Kampala is
located inland, but is also affected by flooding and the degra-
dation of fragile hill slopes. In all cases, these challenges are
compounded by inappropriate management of natural
resources and inadequate urban infrastructure.

Various adaptation responses are being planned and
implemented in these cities in association with the Cities
and Climate Change Initiative (see Table 6.8). Some of these
are associated with broader environmental management
projects which will simultaneously improve the resilience of
communities and the urban area to climate change: the
reconstruction of the National Disaster Management
Institute in Mozambique will help to improve disaster risk
reduction in Maputo and elsewhere in the country; and the
flood prevention programme for the Teaone River in
Esmeraldas will help to reduce flooding. Other activities
involve building networks and capacity: in Kampala, it is
proposed to establish a climate change network of various
stakeholders addressing climate change, whereas in Maputo
it is proposed to support collaboration between the local

government and a range of other partners. Strengthening the
capacity of local authorities to address climate change is also
a key activity in all four cities — both in terms of awareness of
the issues and potential responses to these.

FINANCING ADAPTATION

In terms of financing for climate change adaptation, there
are the two main issues that have to be addressed up front:

1 Will funds will be available to cover the cost of adapta-
tion for urban areas?

2 Is there local capacity in place to use such funds in such
a manner that the needed adaptation can take place?

International debates and discussions have tended to focus
on the first of these, not the second. Funding for adaptation
in developing countries comes (and will come) primarily
from two main sources: the dedicated climate change funds
available under the United Nations Framework Convention
on Climate Change (UNFCCC) (see Box 2.2) and through
overseas development assistance. As noted in Chapter 2, the
issue of funding has been high on the agenda in international
climate negotiations. Ideally, there is wide agreement that
international funding for climate change adaptation should be
adequate to the task at hand, and should explicitly allocate a
fair share of resources to urban settlements. However, in
practice, the funds available are, at present, inadequate;
furthermore, these funds do not target urban settlements.!°
Moreover, the first consistent approach to identifying adapta-
tion priorities, the NAPAs, generally missed urban priorities.
So far, urban priorities also seem to be absent from the
funding allocated through the Adaptation Fund.'”

Adaptation to climate change has become an impor-
tant priority in the international climate change negotiations
during recent years. At the latest meeting of the COP (2010,
Cancin, Mexico), Parties reiterated the importance of
adaptation and agreed that:

adaptation is a challenge faced by all Parties,
and that enhanced action and international
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cooperation on adaptation is urgently required
to enable and support the implementation of
adaptation actions aimed at reducing vulnerabil-
ity and building resilience in developing country
Parties, taking into account the urgent and
immediate needs of those developing countries
that are particularly vulnerable.''8

The Canctin Agreements further reaffirm the commitment
made by developed countries to expand the scale of funding
available for adaptation during COP-15, including through
the US$100 billion which is to be mobilized by 2020 to
support action in developing countries. However, the
ambiguity on where the increased funding will actually come
from remains unresolved. Furthermore, the Cancin
Adaptation Framework was established to further enhance
action on adaptation.

As noted in Box 2.2, international funding for adapta-
tion through the UNFCCC includes the Special Climate
Change Fund, the Least Developed Countries Fund and the
Adaptation Fund. The Adaptation Fund was established to
finance adaptation projects and programmes in developing
countries, with particular attention to those countries that
are particularly at risk from the adverse effects of climate
change. It is likely to have particular importance because part
of its funding comes from a levy on the project activities of
the Clean Development Mechanism, and this should give it a
considerable and guaranteed source of funding. Thus, unlike
the other funds, it is not reliant on negotiating funding from
donor agencies. It also has a governance structure in which
developing countries have more influence; its independent
board has representation from each of the major regions, as
well as special seats for the least developed countries and
the small island developing states.''

A review of financing arrangements for adaptation'2?
suggested that there is an opportunity for complementarity
between this Adaptation Fund and overseas development
assistance. For example, the review suggested that overseas
development assistance can help to focus on the drivers of
vulnerability that are associated with weak institutional
capacity, while the Adaptation Fund supports developing
countries’ broader climate risk management strategies. It also
suggested that the bilateral and multilateral donor agencies
can help to build the necessary local and national institutional
capacity to receive and make good use of support from the
Adaptation Fund. However, this also presupposes a capacity
among such agencies to work with civil society and local
governments, which is often not present.

This mix of funding might also overcome the
contentious issue of the boundary between climate change
adaptation and development. Development should certainly
include ‘adaptation’ to all disaster and environmental health
risks, including those to which climate change does not
contribute or only partially contributes. The large climate
change adaptation deficit in most developing countries is
also a development deficit. This raises the questions of
whether funding for climate change adaptation should
include funding for removing this development deficit
(which also proves to be an adaptation deficit) or not. In

theory, the governments of developed countries that
contribute funding to adaptation will want this to be
separated from aid budgets and focus specifically on climate
change adaptation. Yet, how can a city adapt to climate
change if half of its population live in informal settlements
that lack the most rudimentary infrastructure and services?
And how can funding for adaptation be managed if there is
one funding stream and set of agencies for putting in place
needed infrastructure and another for adapting this infra-
structure?

Attention should also be paid to the relative costs of
mitigation and adaptation. The estimates for the costs of
mitigation (achieving the needed reductions in global GHG
emissions) appear very high. Many estimates for the costs of
adaptation — including those produced by the UNFCCC (see
Table 6.9) — are much lower. Based on this, it could be
argued that mitigation costs can be reduced by funding for
adaptation that allows a less rapid reduction in global GHG
emissions. However, if the estimates for the costs of adapta-
tion are far too low and consideration is given to the
difficulties in overcoming the lack of adaptive capacity within
local governments, it changes the balance. A more realistic
assessment of the incapacity and unwillingness of most
national, city and municipal governments within developing
countries to actually implement needed adaptation measures
means that mitigation should receive a much higher priority.
In the end, the discussion boils down to the willingness of
governments in developed countries (and some industrial-
ized developing countries) to reduce the carbon-intensive
consumption patterns of their citizens'2! to benefit others —
especially future generations and those who are most at risk
and most vulnerable to climate change (most of whom live in
developing countries).

This section focuses on the costs of adapting infra-
structure to the potential future impacts of climate change.
It also includes a discussion of the very large costs involved
in remedying the large deficits in infrastructure in urban
areas in most developing countries — for instance, the lack of
storm and surface drains, paved roads and footpaths, and
reliable piped water supplies. Remedying these deficits may
not be considered as climate change adaptation; but without
remedying these deficits, it is not possible to build resilience
to most climate change impacts. Also, if the costs of remedy-
ing these infrastructure deficits are considered as part of
climate change adaptation, the costs of adaptation increase
very considerably.

It is, however, important to note that the discussion
below does not include a discussion of many institutional
and social adaptation costs. Nor does the discussion touch
on the issue of residual damage: the cost incurred in an
increasing number of locations that become permanently
beyond adaptation — because adaptation is considered too
expensive or technically unfeasible. Some such challenges
are addressed in the next section.'%?

The costs of adaptation

The basis for accurate national and global estimates for the
costs of adaptation does not exist. The costs of adaptation



are so local, so specific to location and to existing levels of
housing and infrastructure quality and governance capacity —
and there are few examples of locally determined adaptation
costs upon which to base national or global estimates. Cost
estimates are also greatly influenced by the form that adapta-
tion takes — for instance, what safety margins are built into
new infrastructure and what balance is achieved between
protection and accommodation.

Most global estimates of the cost of adaptation are
based on the costs of climate-related disasters; but these are
known to form a very inadequate basis for this. One reason
for this is that the cost estimates of climate-related disasters
do not include most disasters because they have a very high
threshold for a damaging event to be included in their
considerations.'?3 Where careful local or national reviews of
disaster events and their impacts have been carried out,
these highlight the very large underestimates, especially
with regard to deaths and serious injuries.'* There is also
the problem of assigning costs to disasters based on the
value of the properties destroyed — so a disaster that destroys
the homes and possessions of hundreds or thousands of
households does not appear ‘serious’ because the monetary
value of their homes in informal settlements is low and they
had no insurance. It is odd, indeed, to base any estimates for
adaptation costs on what insurance companies have had to
pay out for extreme weather disasters if almost all those
affected by these disasters do not have insurance.

Most estimates for the costs of adaptation that are
relevant to urban areas are based on the costs of adapting
infrastructure, and thus include roads (of all sizes, from
highways to streets and lanes) and bridges, railways, airports,
ports, electric power systems, telecommunications, water,
sewerage, and drainage/wastewater management systems.
The definition of infrastructure is sometimes broadened to
include services which make economic and social activities
possible — so it would include services such as public trans-
port, healthcare, education and emergency services (which
collectively are sometimes termed social infrastructure). A
proportion of such infrastructure is outside urban bound-
aries, although almost all of it is important to the functioning
of urban economies. There is also all the ambiguity in what
gets included under infrastructure — including housing
(sometimes included, sometimes excluded) and the institu-
tions that operate and manage infrastructure.

The UNFCCC secretariat has made estimates for the
costs of adapting infrastructure (see Table 6.9); but it does
not specify what is included in the term. It is also unclear as
to whether housing and the institutions needed to operate
and manage infrastructure are included in its estimates.!?° It
might be assumed that estimates for the costs of extreme
events that draw on records from insurance companies
would include housing; but only a very small proportion of
households in developing countries have disaster insurance
(and thus have their costs included in ‘costs’ based on insur-
ance claims). The destruction of, or damage to, housing is
one of the most common and most serious impacts of many
extreme weather events, especially in many developing
countries. The damage to, or loss of, housing is usually
concentrated among low-income groups and this often also
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Sector Global costs Developed countries Developing countries
(USS$ billion) (USS$ billion) (USS$ billion)

Agriculture 14 7 7

Water I 2 9

Human health 5 Not estimated 5

Coastal zones I 7 4

Infrastructure 8-130 6-88 24|

Total 49-171 22-105 27-66

Note: All values are in US$ at present day values. The only ‘sector’ that includes the cost of ‘residual damage’ in the above
estimates comprises the ‘coastal zones’.

Source: UNFCCC, 2007, cited in Parry et al,2009

Table 6.9

Annual investment
needs by 2030 to cover
climate change
adaptation costs
(estimates)

includes loss of possessions. Only a very small proportion of
the population in developing countries have insurance for
this. Assessing the impacts of such events in terms of the
value of property damaged or destroyed can be misleading;
an event that is devastating to the lives of very large
numbers of people (in deaths, injuries and loss of property)
may have low economic impacts because of the low value
assigned to the housing damaged or destroyed. 26

For infrastructure, adaptation costs should include
the costs of limiting the impacts (as well as preventing
them). For many extreme weather events in urban areas with
large infrastructure deficits and poor-quality housing, good
early warning systems, measures taken just before the
extreme event (e.g. reducing the impact of flooding by
supporting populations in moving temporarily to high ground
or safe sites) and rapid and effective post-event responses
(temporary accommodation, restoring access to services,
supporting rapid return to settlements damaged and support-
ing rebuilding) greatly reduce the impacts upon populations
and their assets. Yet, these measures might be considered as
inadequate or invalid for adaptation funding in that they are
not limiting the damage done to infrastructure. The costs of
building and maintaining this capacity to reduce the impacts
of extreme weather events is not included in figures for
infrastructure investments, and these costs are thus not
considered in the UNFCCC estimates.

There is also the issue of infrastructural damage that
cannot be prevented by adaptation — the so-called ‘residual
damage’ — stemming both from conscious choice (locations/
facilities/structures for which full protection is judged to be

The destruction of,
or damage to,
housing is one of the
most common and
most serious
impacts of many
extreme weather
events

The UNFCCC
estimates for the
costs of adapting

. . . infrastructure ...
too costly, or where adaptation is technically not feasible) or .
. . . does not include
from incapacity on the part of those who are at risk and .
e . - . . social infrastructure,
those institutions which have responsibility for reducing this .

. . dlsaster-response
risk (local government, national governments, etc.) (see infrastructure
Figure 6.4). Thus, the UNFCCC estimates for the costs of ) ’

L . . . o housing and the
adapting infrastructure include consideration of a limited .
.. s . . institutional
part of ‘infrastructure’ that does not include social infra- .
. . . infrastructure
structure, disaster-response infrastructure, housing and the .
e . . B needed to build,
institutional infrastructure needed to build, maintain and .
. maintain and adapt
adapt infrastructure. Thus: .
infrastructure

The UNFCCC estimate of investment needs is
probably an under-estimate by a factor of
between 2 and 3 for the included sectors. It
could be much more if other sectors are consid-
ered... For infrastructure it may be several times
higher, at the lower end of the cost range.'?’
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Low cost to avoid damage

/

Ratio = | (incremental adaptation cost: avoided damage)

High cost to avoid damage

Avoided damages —>»

Residual damage

Adaptation costs —>

The infrastructure deficit

Adaptation costs, The fact that most developing countries have very large
avoided damages and deficiencies in provision for infrastructure has been
residual damage . . . . .

discussed in detail already. A high proportion of the urban
population in Africa and Asia and a significant proportion in
Latin America and the Caribbean live in homes and settle-
ments with little or no infrastructure (i.e. no all-weather
roads, no drains, no piped water supplies and no provision
for electricity). Most urban centres in developing countries
have no sewers, including many with several million inhabi-
tants.'28 During the period from 2000 to 2010, the number
of slum dwellers in developing countries has increased from
767 million to 828 million, and ‘short of drastic action to
curb current trend, the slum population worldwide is likely
t0 ... reach a total of 889 million by 2020".1%° A large propor-
tion of these slums are characterized by inadequate or no
provision of basic infrastructure. The lack of provision or
inadequacies in the provision of protective infrastructure is
perhaps the main reason for the very rapid increase in the
number of flood and windstorm ‘disasters’ since the 1950s.

Source: Parry et al, 2009, p12

Most of the Reviewing data on disasters also gives some indica-
investment needed tions of the kinds of impacts that extreme weather events
for climate change can have upon infrastructure — within the larger costs in
adaptation in terms terms of death, injury and economic disruption — and loss of
of infrastructure is livelihood for large numbers of people. Reviewing the ‘disas-
required in devel- ters’ registered on an international database'” between
oped countries, 1996 and 2005 shows not only thousands of people killed
rather than in and tens of millions affected by floods and windstorms, but

developing countries also hundreds of billions of dollars worth of damage. For
instance, in Asia, floods and windstorms between 1996 and
2005 caused over 70,000 deaths and around US$191 billion
worth of economic loss. A large part of these deaths and the
economic losses could be attributed to infrastructure
deficiencies. UNFCCC notes the following:

Evidence for the existence and size of the
adaptation deficit can be seen in the mounting
losses from extreme weather events such as
floods, droughts, tropical cyclones, and other
storms. These losses have been mounting at a
very rapid rate over the last 50 years. This
increase is likely to be mostly due to the expan-
sion of human populations, socio-economic

activities, real property, and infrastructure of all
kinds into zones of high risk. Moreover, much
of this property is built at a substandard level
and does not conform even to minimal building
codes and standards. This widespread failure to
build enough weather resistance into existing
and expanding human settlements is the main
reason for the existence of an adaptation deficit.
Real property and socio-economic activities are
just not as climate-proof as they could and
arguably should be. The evidence suggests
strongly that the adaptation deficit continues to
increase because losses from extreme events
continue to increase. In other words, societies
are becoming less well adapted to current
climate."!

However, while this recognizes that there is a very large
climate change adaptation deficit, much of which is an infra-
structure and institutional infrastructure deficit, the
UNFCCC report does not consider it appropriate to consider
this in estimating adaptation costs for infrastructure.!32

A review of the basis used by the UNFCCC for
estimating the costs of adapting infrastructure'33 suggested
that this was based on an incorrect premise — that this can
be costed by applying a small increment to existing invest-
ment flows into infrastructure that is climate sensitive, with
no account taken of the very large infrastructure deficits.
This leads to the conclusion that most of the investment
needed for climate change adaptation in terms of infrastruc-
ture is required in developed countries, rather than in
developing countries. It also ends up showing very small
sums needed for Africa and other places where there are
very low/inadequate investment flows into infrastructure
and where many of the countries most at risk from climate
change are located. This same review also noted three other
assumptions that need to be questioned:'3

1 The availability of funding from international agencies is
the ‘solution’ for adaptation. In much of Africa and Asia
and parts of Latin America and the Caribbean, local
governments are weak, ineffective and unaccountable
to local populations, so their capacity to design and
implement appropriate adaptation strategies that serve
those who are most at risk from climate change must be
in doubt. This is most obvious in the countries that are
often termed ‘failed states’; but it is also evident in
many other countries. External funding agencies have
not proved very effective in addressing this — or even in
knowing how to address this.

2 ‘Adaptation’ and ‘development’ can be kept separate.
On the ground, climate change impacts are exacerbat-
ing non-climate change impacts and addressing both is
inhibited by institutional/governance failures. It is diffi-
cult, if not impossible, to separate what proportion of
extreme weather damage or water shortages in any
locality are caused by climate change. So much of the
adaptation deficit for housing and infrastructure is also
a development deficit.



3 NAPAs give us an idea of adaptation costs. The focus of
most of the NAPAs is a very small part of what these
countries will need for adaptation. NAPAs are thus not a
good basis for costing adaptation costs.

The cost of addressing
the infrastructure deficit

Detailed cost estimates were undertaken in selected
countries to estimate the investments needed to meet the
Millennium Development Goals between 2005 and 2015
and these came to US$993 to $1047 per person.'® Around
half of this was for infrastructure (including water and
sanitation, energy and roads). Yet, these estimates do not
address the elimination of all infrastructure (and other devel-
opment) deficits. Many of the Millennium Development
Goals are only for reducing the problem — for instance,
halving the proportion of people without sustainable access
to safe drinking water and basic sanitation by 2015.
Similarly, the goal for improving the lives of slum dwellers
was to reach 100 million slum dwellers by 2020, which
would represent only around 13 per cent of the slum popula-
tion in 2000 (and a much smaller percentage of the likely
slum population in 2020). Thus, the total cost to remove the
infrastructure deficit is likely to be much higher.

One recent estimate suggested that the cost of
removing the housing and infrastructure deficit in develop-
ing countries by 2030 would be some US$6.3 trillion — and
this would include US$700 billion for expanding housing
and infrastructure for expanding urban populations.'3
These estimates are broadly in line with estimates in the
2009 report of the International Strategy for Disaster
Response!®” for the investments needed to reduce the
deficit in disaster risk avoidance and risk reduction. This
suggests that several hundred billion dollars a year are
required to address the underlying risk factors for disasters
(including those relating to climate change).

However, as was noted in the introduction to this
section, the availability of funding is only a part of the
solution, as solutions also depend on national and local
governments having the competence, capacity and accounta-
bility to make the needed investments. It is important to
stress that adaptation will require very large capital sums
invested in developing countries, but also to recognize that,
at the moment, there are no reliable methodologies for
estimating these costs accurately. What is more urgent and
important is to get serious consideration given to climate
change adaptation plans and programmes for particular local-
ities (including cities), and to what resources can be
generated for these locally or supported by higher levels of
government. Furthermore, there is a need to consider how
these plans and programmes can be pro-poor and supportive
of general development initiatives. Based on such considera-
tions, it might be possible for the international community
to arrive at a more accurate and specific understanding of
the international funding mechanisms which are required to
support such plans and programmes.

Thus, there is a need for detailed case studies of what
adaptation would involve in particular locations and what
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component would have to be allocated to infrastructure
deficits. The studies described earlier in this chapter are
moving in this direction, although most are from cities in
developed countries. Such studies need to consider the
infrastructure deficit and the needed institutional/gover-
nance underpinning for addressing the infrastructure deficit
and climate-proofing all new and existing infrastructure and
urban developments. From this can come a better idea of the
kind of funding needed for adapting infrastructure to climate
change risks, and from this, some thoughtful discussion of
what these imply for adaptation costs and adaptation
funding, in general. It would only take a few such studies of
major cities that are particularly at risk from climate change
and have large infrastructure deficits to show that the
UNFCCC estimates for Africa and for most cities in Asia are
far too low. It is also likely that studies of major cities in Latin
America at high risk from climate change would also show
the UNFCCC estimates for these regions to be far too low.

The UNFCCC notes'3® that even with a growing
number of location-based estimates for costs, it will be diffi-
cult to extrapolate these to figures for whole regions
because of:

o Very large differences in contexts (risks and vulnerabil-
ity), including the scale of the infrastructure deficits
and the extent of the local governance failures. In most
of the locations with the largest infrastructure deficits
and governance failures, much of the data needed to
assess such costs are simply not there.

o Very large differences in costs. The estimate in London’s
adaptation plan that it can cost UK£15,000 to make a
single dwelling in London cooler in summer could build
15 houses in many Asian and African urban centres.

*  The ‘moving target’ of urbanization. United Nations
projections suggest that almost all growth in the world’s
population in the next few decades is expected to be in
urban areas in developing countries. '3’

*  Public costs versus private costs. Many of the costs in
adapting cities — particularly in upgrading housing stock
—will be borne by private individuals and are even more
difficult to account for. Estimates that are based only on
the costs of adapting infrastructure are thus certainly
not the ‘total costs of adaptation’.!*0

CHALLENGES TO
ADAPTATION

Most of the world’s urban population and most of its largest
cities are now in developing countries. Furthermore, and as
noted in the introduction to this chapter, most of the growth
in the world’s population over the next few decades is likely
to occur in the urban centres of developing countries. At the
same time, most of the urban centres most at risk from
climate change are in developing countries. And it is in
urban areas in developing countries that the deficits in infra-
structure and services needed to protect populations from
climate change are most evident. Yet, most governments and
many international agencies still give little or no attention to
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urban adaptation. Many disaster response agencies are also
better equipped to deal with rural disasters than urban disas-
ters.!!

Perhaps the most pressing challenge for climate
change adaptation in urban areas in developing countries is
to get it seen and understood as a central dimension of
development — and, thus, also a central dimension of
economic strength and poverty reduction, including meeting
the Millennium Development Goals. If the Millennium
Development Goals were met in urban areas, it would
certainly increase their resilience to climate change. How-
ever, this raises a second challenge of how to get far more
effective local action on the ground for development that
includes the needed attention to adaptation. A city’s
economic success may be important for its adaptive capacity
— but there are many cities with successful economies where
large sections of their population still live in informal settle-
ments that lack the infrastructure and services that reduce
climate-related (and many other) risks.

It will also be difficult to balance present and future
needs. The adjustment of building and infrastructure
standards and designs to address likely increases in extreme
weather or water constraints — that may not become
evident for 20 or more years in the future — is important as
it will be more expensive to rebuild or adjust these in 10 to
20 years. With investment capacity so constrained in most
urban centres in developing countries, however, the extra
costs of building resilience to future risks will be contested
by those who claim that there are more pressing priorities.
In this context, it will especially be difficult to get the
needed priority to risk reduction for lower-income groups,
as wealthier and more powerful interests (residents and
businesses) want their risks, vulnerabilities and adaptation
needs to be addressed first. City governments that have
long ignored the needs and priorities of those living in infor-
mal settlements are not likely to become committed to
address these deficits.

Effective action on adaptation on the ground also
depends on a willingness to act by local governments. The
generic lessons that can be drawn from the experiences of
cities that have already developed adaptation plans were
discussed above.'*? These include building a commitment to
act among the different stakeholders, developing the infor-
mation base on current conditions (and risks), and develop-
ing city-wide risk/vulnerability assessments that draw on
community and district assessments. City and municipal
governments need to consider how to reduce climate-related
risks within their plans and investments in infrastructure
and land-use management. This usually depends on, or is
much enhanced by, civil society organizations, especially
those that represent and work with those who are most at
risk. An earlier section also discussed the key roles for local
governments and for civil society groups of building or
supporting the building of resilience to climate-related
stresses and shocks.!*? Here, too, there are many co-benefits
with development (and poverty reduction).

However, within each country and urban centre,
different stakeholders may be working according to very
different worldviews of adaptation. This may hamper efforts

at creating coherent and holistic adaptation responses that
take into consideration the different vulnerabilities
highlighted earlier in this Global Report.'#* There is also the
growing influence of those who insist that climate change is
not happening or that it will bring few costs; a web-based
consultation on London’s adaptation programme'#® that
asked for comments and suggestions produced many
remarks to this effect that also showed little or no under-
standing of climate science.

In addition, little attention is given to urban adapta-
tion by most international agencies, even as they discuss and
develop policies on adaptation.!4® Where international
funding is available for adaptation, it will be difficult to get
the needed attention for addressing the (often very large)
deficits in infrastructure and services (the lack of provision
for piped water, storm and surface drains, all-weather roads,
emergency services, etc.) that arise from governance failures
and limitations because these are not seen as climate change
related. Getting international support available in a form that
allows it to support effective urban adaptation which is
integrated within local development (and build local adapta-
tion capacity) is thus a challenge. There are also all the
constraints faced by international agencies from their lack of
capacity to support local engagement, as they have shifted
their support to sector support and basket funding.'?’
Channelling funding through recipient governments and
supporting their priorities serves development when these
governments are competent, representative and account-
able; but this is often not the case. This raises issues about
the structures and effectiveness of international agencies in
supporting needed local action on climate change in the
thousands of urban areas where this is required.

Furthermore, official development assistance was not,
in the first place, set up to support local governments and
civil society groups with regard to adaptation efforts. There
is little clarity as yet on how international funding for adapta-
tion (hopefully integrated within development) can work
with and serve local governments and civil society groups
within each urban centre. The key roles of local government
and civil society as designers and implementers of climate
change adaptation in urban areas may be better appreciated;
but the means by which they can influence climate change
negotiations and institutional responses and hold interna-
tional funders of adaptation to account is not yet clear.

It is important to note that the failure to mitigate
sufficiently in developed countries will create ever more
adaptation failures, mostly in developing countries, including
many countries with insignificant historic and current contri-
butions to climate change. It is also difficult to see any
agreement reached on needed mitigation strategies by the
governments of developing countries unless the govern-
ments in developed countries demonstrate their commit-
ment to mitigation by taking responsibility for their (very
high) contribution to global climate change. For (local and
national) governments in countries with minimal per capita
GHG emissions, it is very difficult to justify to their
electorates expenditures on climate change mitigation if
they are already unable to provide their populations with
basic infrastructure and services.



Most of the urban populations and places at greatest
risk from climate change are not those with large historic or
current contributions to GHGs. As noted in Table 1.4, the
average African (excluding South Africa) individual emits
only 54 per cent of the CO, emitted by the average Indian,
only 16 per cent of that emitted by the average Chinese, and
only 4 to 8 per cent of that emitted by the average citizen of
the major developed countries. And, in terms of total
figures, if CO, emissions from all African countries (except
South Africa) were cut in half, this would only imply a 1.2
per cent reduction in global emissions. In contrast, a similar
global emissions reduction could be achieved by the US
through a national reduction of CO, emissions of only 6 per
cent. Such issues of environmental justice are playing an
important part in the increasing focus being given to climate
change adaptation in developing countries.

There is also the larger issue for urban adaptation of
population displacement at a national scale and its influence
on migration, including that to urban centres. If cities
become the destination of very large flows of rural migrants
driven from their homes and livelihoods by, for instance, the
damage brought by climate change to agriculture, it will add
further to the infrastructure deficit and probably to the
scale of settlement on hazardous sites. There are predic-
tions that by 2050, some 200 million people may be forced
to leave their homes due to environmental degradation and
water shortages caused by climate change.'*® Yet, studies of
migration show how population movements are generally
rational, well-informed responses by individuals and house-
holds to changing circumstances. Thus, they are, in fact, a
key part of individual and household adaptation. Land degra-
dation or decreases in rainfall do not inevitably result in
migration. Or where they do, most movement is short term,
as in response to extreme weather disasters, and short
distance, as in migrant responses to drought and land degra-
dation. 49

Where there are slow-onset impacts from climate
change (e.g. rising temperatures and declining rainfall), this
can bring negative impacts upon agriculture; but income
diversification and short-distance circular migration are likely
to be common responses.!*® Where climate change is
causing environmental stress for rural livelihoods, it will be
one among a number of factors in determining migration. In
addition, support for agriculture — including agricultural
adaptation initiatives — does not necessarily reduce rural-
urban migration. Indeed, successful rural development often
supports rapid urban development locally as it generates
demand for goods and services from farmers and rural
households. ! Yet, a failure by governments and interna-
tional agencies to reduce global GHG emissions and to
support rural and urban populations to adapt will bring crisis-
driven population movements that make those forced to
move very vulnerable. Here, migration is no longer planned
movement helped by knowledge and contacts in the destina-
tion area. The pressures on crisis-driven population
movements will also be much increased if developed
countries fail to agree on implementing the large reductions
in GHG emissions that are needed to avoid dangerous
climate change.

Climate Change Adaptation Responses in Urban Areas

So far, there is debate as to whether climate change
has vet led to forced migration from any location.'* Yet,
there is growing concern about how to address the issue of
migrants who are forced to leave their homes due to future
climate change. This aspect of ‘residual damage’, people
whose lives and homes cannot be adapted in situ, falls
outside the scope of most national and international legisla-
tion. Under current international law, strictly speaking,
those fleeing from environmental pressures are not consid-
ered as refugees — this term is reserved for those ‘being
persecuted for reasons of race, religion, nationality, member-
ship of a particular social group, or political opinion’.
Furthermore, the term ‘refugee’ refers only to people who
are ‘outside the country of [their] nationality’.!*® In interna-
tional law, people who are displaced within their own
country are referred to as ‘internally displaced persons’.
Thus:

... there is a broad consensus among lawyers
considering the issue of climate change migra-
tion that current protections at international
law do not adequately provide for a number of
the categories of person likely to be displaced by
climate change.'>*

There are major consequences of this inadequate protection
in human rights law — namely, who will be responsible for
assisting this group? If international climate migrants were
to be considered refugees, this would imply a responsibility
of countries to offer them the same protection as they offer
to political refugees. So far, not one country has been willing
to accept such a definition. %> At the same time, the interna-
tional agency with the primary responsibility for dealing with
refugees, and which has been taking on the task of address-
ing the concerns of internally displaced persons as well — the
Office of the High Commissioner for Refugees — is ‘already
overstretched and ... unable to cope with their current
“stock” of refugees’.!>® Thus:

Given the nature and magnitude of the problem
which climate change displacement presents,
ad hoc measures based on existing domestic
regimes are likely to lead to inconsistency,
confusion and conflict.'>’

There are thus increasing calls for the development of new
international legislation to address the concerns of ‘climate
migrants’ — perhaps in the form of an international conven-
tion for persons displaced by climate change.!*

CONCLUDING REMARKS
AND LESSONS FOR POLICY

What needs to be done to support the adaptation of urban
areas to climate change has become clearer during the last
ten years, in large part because of innovations by civil society
groups and local governments, some of which have been
described in this chapter. What is much less clear is how to
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translate ‘what needs to be done’ into ‘how to do it
especially in countries and urban areas with weak local
governments or local governments unwilling to work with
the low-income groups within their jurisdiction.

Clearly, one important way forward is to work with
and learn from the innovators — in grassroots organizations,
in local governments, in national governments and in inter-
national agencies. Another is to encourage the engagement
of all key stakeholders in cities (which in the end means
almost everyone). This includes far more attention to the
needs and capacities of those who are most at risk from
climate change. Here, consultations on the ground and risk
assessments are not focused on ‘climate change’, but on all
the risks and vulnerabilities that they face — some, most or
all of which are likely to be exacerbated by climate change.
This can be the basis for risk and vulnerability assessments
that inform a ‘climate change aware’ development agenda.
This has to build resilience both to the specific threats
identified as certain or likely from climate change and, more
generally, to all the stresses and shocks that threaten the
well-being and livelihoods of low-income groups. Another
important issue here is how to make the adaptation
measures provided or financed by the private sector that
serve better-off households and businesses extend their
range so that they also serve smaller businesses and lower-
income households.

Yet, it has to be kept in mind that a focus on commu-
nity-based adaptation, local assessments or the international
transfer of funds only is unlikely to be a successtul recipe for
climate change adaptation at the city level. Successful
adaptation also has to take into account the following major
issues:

e Concerted action at the household, community, local
government, national government and international
levels are required.

*  (Global and national projections about climate change
impacts have to be improved in order to better support
measures at the local level. At present, projections are
insufficiently precise ot, at times, contradictory, which
impedes local action.

e The issue of social and environmental justice needs to
get appropriate attention, both within cities and
countries, but also internationally. As is acknowledged
by the UNFCCC, the bulk of funding for climate change

adaptation has to come from those countries that are
responsible for global climate change. Also, there is a
need to consider who is to pay for the homes and
properties lost from the impacts of climate change that
cannot be adapted to: the so-called ‘residual damage’.

*  The emerging international funding for climate change
adaptation has to be adequate to the task at hand, and
should explicitly allocate a fair share of resources to
urban settlements. At present, resources are inadequate
and do not target urban settlements.

It is also important that the emerging knowledge about
climate change adaptation in urban areas is synthesized and
included in the Fifth Assessment Report of the IPCC that will
be developed between 2010 and 2014. The work under-
taken in preparing this Global Report, as well as other
UN-Habitat activities, is already feeding into that process.
The Fourth Assessment Report of the IPCC, published in
2007, focused on reviewing and summarizing the evidence
for human-induced climate change and presenting the case
for the importance of action both on adaptation and mitiga-
tion. The Fifth Assessment Report needs to go much further
in summarizing and synthesizing what is known about how
to achieve adaptation (and mitigation). The initial work for
[PCC’s Fifth Assessment recognizes the need for more atten-
tion to human settlements; in the plans for the Fifth
Assessment Report, the Working Group II on ‘impacts,
adaptation and vulnerability’ includes three chapters on
‘human settlements, industry and infrastructure’, compared
to only one in the Fourth Assessment. This includes a
chapter on urban areas, another on rural settlements and a
third on networked infrastructure that serves all human
settlements (including transport, energy and water).'>
There are also measures under way to have closer links
between the various working groups on the role of cities and
other settlements in considering both adaptation and mitiga-
tion; here the interest is in the co-benefits between
adaptation and mitigation. It is also being planned that the
Fifth Assessment Report should have more detailed coverage
on human health, security and livelihoods, and poverty. The
ongoing work of the IPCC will thus serve to get the attention
of national governments and international agencies to all the
measures needed to address climate change adaptation in
urban areas discussed in this chapter.
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CONCLUSION AND POLICY

DIRECTIONS

If concerted action is not undertaken to reduce greenhouse
gases (GHGs) and promote more environmentally sustain-
able and equitable patterns of urban development, there will
be a deadly collision between urbanization and climate
change. The dangerous course to this collision threatens to
have unprecedented negative impacts upon human develop-
ment, quality of life, economic production, political stability
and the health and resilience of the ecosystems upon which
human beings depend. However, the coming together of
urbanization and climate change will also offer an unprece-
dented opportunity. Urban areas, with their high concent-
rations of population, buildings, industries and infrastruc-
ture, will face the most severe impacts of climate change.
Yet, the same urban areas can become hubs of innovation
where alternative options can be designed and tested to
promote reductions in GHG emissions (mitigation) and
vulnerability to climate change impacts (adaptation).

Significant linkages exist between climate change and
development. While climate change is jeopardizing develop-
ment goals, mitigation and adaptation targets could be
greatly threatened by unsustainable pathways of develop-
ment. Climate change cannot be addressed effectively unless
more effective actions are undertaken to reduce emissions,
cope with climate changes already under way, and create the
conditions to enhance the adaptive capacity of poor
countries and population sectors (environmental justice).
Mitigation efforts need to focus not only on reducing carbon
intensity, or increasing the energy efficiency of infrastruc-
ture, buildings, and economic and domestic activities, but
also on reducing both the total consumption of fossil fuels
and emissions of GHGs through other means. Adaptation
strategies cannot be reduced to redesigning buildings and
infrastructure, but will also require use of local knowledge,
greater participation of key stakeholders, and higher institu-
tional capacity of local governments. In many developing
countries, urban centres lack all-weather roads, good-quality
homes and other preconditions for successful adaptation
(i.e. they suffer from an ‘adaptation deficit’). It is therefore
necessary to relate adaptation and mitigation responses to
development and foster sustainable development with
mitigation and adaptation strategies in mind.

Equity is a fundamental dimension of the relationship
between climate and development. Because of uneven devel-

opment patterns and distribution of wealth and infrastruc-
ture services at global, national and urban levels, within
different sectors, and between different individuals, there is
often an inverse relationship between responsibility for
climate change and suffering of its consequences. The
largest national emitters of GHGs are, by far, the developed
countries and a few rapidly industrializing developing
countries (see Table 1.4), and this trend can also be seen,
generally speaking, in the wealthy sectors within countries
and cities around the world. Yet, climate change will deal its
heaviest blows on those contributing the least to GHG
emissions: poor countries and the poor and vulnerable
within their societies.

There are, at present, many actions at different levels
designed to respond to the daunting challenge of climate
change. Nearly all national governments have signed the
United Nations Framework Convention on Climate Change
(UNFCCC) and dozens have launched responses at the
national level. Numerous provincial/state and local authorities
have promoted vigorous, yet varied responses to address
climate change, even in the absence of incentives from
national governments. Many local authorities are also under-
taking a range of mitigation and adaptation measures.
Notwithstanding all of these, climate change remains, in
practice, a marginal issue for most decision-makers. This
Global Report has explored the reasons for this, as well as
windows of opportunity that can be used or created to help
urban populations and decision-makers reduce their emissions
and adapt to climate change in ways that promote sustainable,
equitable and resilient paths of urban development.

The purpose of this chapter is to provide an overview
of the key findings and messages from all chapters of the
Global Report. It will briefly revisit the constraints,
challenges and opportunities to mitigation and adaptation
actions, and point to some of the linkages among drivers and
vulnerabilities. Drawing further from the findings of the
previous chapters, this concluding chapter reflects on the
multiple linkages, synergies and trade-offs between mitiga-
tion, adaptation and urban development. The chapter ends
with a set of suggestions on future policy directions, focus-
ing on local, national and international principles and
policies for supporting and enhancing urban responses to
climate change.
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KEY FINDINGS AND THEIR
IMPLICATIONS

Urbanization and climate change are two human-induced
forces that have put humanity at a crossroad of at least two
future directions that this Global Report has explored. First,
there is the plausible future of continuation along a danger-
ous collision course if national, regional and local
governments continue with business as usual. Many of the
dysfunctions of the current political, economic and social
systems at play could lead inexorably to the very worst
outcomes imaginable. For example, it has been difficult for
the developed countries, which bear the main responsibility
for current GHG emissions,! to achieve effective mitigation
targets. Notwithstanding decades of development policies,
the story of how affluence and poverty affect global climate
change is still a tale of two development paths explaining
diverse levels of emissions within and across cities. This
difference also creates common but differentiated mitigation
and adaptation responsibilities (i.e. the wealthy should be
most responsible for mitigation and adaptation responses).
However, the political reality is that the wealthy also have a
greater influence on the political structures at play, making
such equitable distribution of responsibility difficult at best.
Furthermore, uneven development and inadequate infra-
structure and governance structures constrain the ability of
populations and local authorities of many urban centres to
adapt to existing and future climate change and to other
environmental and societal stresses.

A second plausible future, and the only option for
humanity to avoid the first, is one for which cities have
historically proved their talents as sources of innovation, and
laboratories for the transition to different and more sustain-
able (i.e. less carbon intensive and more resilient) pathways
of development. The findings of this Global Report, briefly
summarized, contribute to making this second option possi-
ble.

Main issues of concern

Trends of urban change in recent decades have a strong
bearing upon the present report. Urban population growth
has taken place at an unprecedented rate, with a near
quintupling of total urban populations between 1950 and
2011. During the same period, the urban population has
increased from being less than one third (28.8 per cent in
1950) to more than one half of the global population (50.8
per cent in 2011). The fastest rates of urbanization are
currently taking place in developing countries, with the bulk
of this growth taking place in smaller urban areas.? This,
coupled with the increased intensity and frequency of
adverse weather events, will have devastating effects
precisely where the capacity to deal with the consequences
of climate change is weaker, or even lacking. Smaller urban
centres in developing countries are often institutionally
weak, and unable to promote effective mitigation and
adaptation actions. At the same time, a possible advantage
also exists as the burgeoning development of these centres
may be redirected in ways that reduce their emission levels

to a desired minimum - for example, through the promotion
of mono-centric urban structures based on the use of public
transportation. Their resilience and ability to cope with
climate hazards and other stresses may also be enhanced —
for instance, through the development of climate-proof
urban infrastructures and effective response systems.

This Global Report aims at contributing to an under-
standing of the drivers of GHG emissions from urban areas.
The purpose of developing this understanding is to help
urban policy-makers, enterprises and consumers target effec-
tive options for reducing these emissions at the same time
that they enhance urban resilience to the impacts of climate
change. Last, but certainly not least in importance, the
dynamics of urban centres are intimately linked not only to
the role of geography in determining a city’s need for energy
to run heating and air-conditioning systems, or to get access
to sources of energy, but also to the role that geography plays
in giving cities access to biodiversity, clean water and other
ecosystem services at risk from the impacts of climate
change. Furthermore, since urban areas have developed over
existing ecosystems (or ‘ecozones’) such as coastal areas,
wetlands, drylands, etc., intimately linked to geography and
to ecosystem services threatened by changes in the climate
system, policies aimed at mitigation and adaptation in these
areas should also consider protection or enhancement of
natural systems — for example, through tree-planting and
coral reef restoration.

Climate change is also interacting with urbanization
and, in doing so, increases the magnitude of the develop-
mental and environmental challenges and threats that urban
governments are already facing as a result of the pace of
current urbanization (each year sees the addition of 67
million new urban dwellers, 91 per cent of whom are added
to cities in developing countries).3 The most recent empiri-
cal evidence points unequivocally to the conclusion that the
Earth’s climate is warming and that this warming has been
induced by the massive amounts of GHGs that human beings
have pushed into the atmosphere. Human-induced changes
in the climate system have been further validated by
research that has been published after the release of the
Fourth Assessment Report of the Intergovernmental Panel on
Climate Change (IPCC) in 2007. According to this assess-
ment, the observed increase in global mean surface
temperature since 1990 is 0.33°C. At the same time,
changes have been documented in the frequency and sever-
ity of storms, precipitation, droughts and other weather
extremes of relevance for urban centres.

The main human sources of GHGs are the dramatic
rise in energy use, land-use changes and emissions from
industrial activities. Increases in GHG emissions have been,
to a limited extent, offset by increases in efficiency and/
or reductions in the carbon intensity of production and
consumption. However, the overall global trend has still
been towards large increases in the total amount of
anthropogenic (or human-caused) GHG emissions.

Since the onset of the industrial era, urban centres
have played a key, though not yet fully understood, role in
the unprecedented increases of carbon dioxide (CO,) and
methane emissions. Furthermore, emissions are now



increasing above the worst scenario established by the IPCC.
In this context, humanity is facing two main challenges that
urban centres can help address: the need to adapt, at least to
some amount of continued warming already under way, and
the need to mitigate (i.e. to achieve development paths that
bring about a peaking of emissions by 2015 and a stabiliza-
tion of GHG concentrations).

While industrialization is certainly responsible for the
rapid pace of global climate change, and urbanization is
strongly related to industrialization, two questions of
primary importance are still being addressed (i.e. the
amount of GHG emissions that urban areas are actually
responsible for, and the linkages among levels of urbaniza-
tion, economic development and emissions). Chapter 3
showed that, because of the complexities involved in calcu-
lating the urban contribution to GHG emissions and the lack
of agreement by researchers on exactly what items to
include in the inventories, no precise figures exist of how
high a contribution to global warming cities make. Earlier
chapters have also illustrated how a dynamic, complex and
strong link exists between economic development, urbaniza-
tion and GHG emissions. However, this relationship is in no
way straightforward. Differences in GHG emissions result
from the peculiarities and weight of different emitting
sectors (such as industries, buildings and transportation).
Diverse factors account for the different levels and sources
of urban GHG emissions both within and across countries.
These include:

* differences in how energy generation, transportation
and other emitters operate;

e levels of economic development and affluence as
measured by gross domestic product (GDP) per capita;

¢ technology and technological innovations and acquisi-
tion;

* geographic factors;

* demographic structure and dynamics of a city;

* urban functions and a city’s economic base;

e urban form (spatial structure) and, related to it, the
layout and structure of a city’s transportation system;

ity size (i.e. the ‘agglomeration’ effect);

* climate conditions and natural endowments; and

* market prices and the wider institutional setting of the
city and of the broader — national and international —
governance structure within which it operates.

The inverse relationship between being the most at fault for
the causes of climate change and suffering its most profound
consequences springs directly from historical and existing
patterns of inequity in development, distribution of wealth,
lifestyle and availability of infrastructure services. This
inequity exists not only at the global level, where developed
countries and a few rapidly industrializing developing
countries are the main contributors to total CO, emissions.
It also occurs at the national and local levels, creating differ-
entials in contribution to GHG emissions along several
different economic and social lines. These differences can be
found within and across cities, between the rich and the
poor, the racial or ethnic minority and the majority, the old
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and the young, and between men and women. This follows,
in general, the differential access to resources, services and
political power among and between these groups. As such —
even within developing countries — it is the affluent and
politically enfranchised enclaves, groups and communities
with access to more services and amenities who consume
more, travel more and become the highest GHG emitters
within their cities, regions and countries. This deeply
entrenched inequity lies at the heart of environmental
justice issues surrounding climate change mitigation and
adaptation actions.

The concentration, within urban centres, of people
and their homes, infrastructure, industries and waste within
a relatively small area can have two implications for policies
aimed at avoiding the negative urban impacts of climate
change. On the one hand, urban areas can be dangerous
places in which to live and work; their populations can be
very vulnerable to extreme weather events or other hazards,
with the potential to become disasters. Furthermore, urban
settlements can increase the risk of ‘concatenated hazards'.
Industrialization, inadequate planning and poor design can
be key determinants of secondary or technological risks.

On the other hand, the same concentration of people,
infrastructure and economic activities in urban centres also
means economies of scale or proximity for many of the
measures that reduce risks from extreme weather events.
Policies on enhancing sustainability and on transition from
disaster response to disaster preparedness can help urban
settlements to increase their effectiveness at coping with
climate hazards.

Not all demographic segments of the urban popula-
tion are equally affected by the hazards that climate change
is predicted to aggravate. The capacity of different urban
populations to cope or adapt is influenced not only by age
and gender, but also by the context-specific combination of
factors such as:

* labour, education, health and the nutrition of the
individuals (human capital);

* the financial resources available to people (financial
capital);

* the extent and quality of infrastructure, equipment and
services (physical capital);

* stocks of environmental productive assets, such as soil,
land and atmosphere (natural capital);

* the quality and inclusiveness of governance structures
and community organizations that provide or manage
safety nets and other short- and longer-term responses
(social capital).

Urban vulnerability to climate change is a dynamic process
in many ways: climate change and other stresses — including
market integration, governmental policies and environ-
mental change — constantly change, as do the dimensions
defining sensitivity and capacity to adapt. Adaptation is also a
process of constant adjustments and learning that may
evolve in response to different exposures and past experi-
ences. In this context, high adaptive capacity and successful
adaptation to one stress (e.g. drought) may result in
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exposure to new stresses (such as the urban heat-island
effect or water scarcity), some of them provoked by coping
responses (such as the use of air conditioning or increased
extraction of groundwater). It is therefore important for
decision-makers to understand how such complex processes
interact and change over time because this understanding
can help to inform more successful adaptation and avoid
potential negative feedbacks or unintended consequences.

Cities and the multifaceted nature
of climate responses

Representatives from different countries, states and cities
are responding at multiple sectoral and governmental levels
to the mitigation and adaptation challenges posed by the
implications of climate change. These responses go beyond
traditional national and state activity, and frequently
imply not only multilevel public interventions, but also
public—private cooperation and autonomous responses, and
self-regulation by individuals and groups. These responses
and the issues that they are intended to address are multi-
scale in nature because most of the processes involved
operate at multiple levels. It is frequently the case that
mitigation and adaptation responses do not fit with the
issues that they are intended to address. For instance, many
of the climatic cause-and-effect relationships are long term
and potentially irreversible and, therefore, require preplan-
ning that goes beyond the tenure, administrative power and
even the lifetime of most current decision-makers and stake-
holders. This makes policy decisions in this area particularly
difficult, as uncertainties exist in the understanding of the
outcomes and impacts of climate change.

Ideas and policies centred on development, sustain-
ability, climate change and some of their central issues
(poverty reduction, disaster management and climate change
adaptation) share key characteristics. For instance, in the
area of climate change, the notion of development opens the
possibility of promoting deep transformations in models of
production and lifestyles. The specific nature of these
changes has been defined in different ways. The first and
dominant way is to use new markets to manipulate the
inputs and outputs of the existing market system in an
attempt to transform them, thus affecting everything
beneath the overarching economic system in a cascading or
domino-like fashion (such as by using carbon markets to
create incentives to curb GHG emissions). The second way
focuses first on equity and attempts to create transitions
based on models of development that include sustainable
use of the environment and non-market-driven alternatives
to promote human well-being. It is this vision of sustainable
and resilient development that has great potential for a
movement away from current, unfair and unsustainable
patterns of energy use and their dangerous impacts upon the
climate system. This alternative model of development
would allow urban populations and decision-makers to move
towards equity, minimizing human suffering from climate-
related disasters and promoting well-being, while creating
the conditions for improvements in quality of life for
undeveloped areas, including poor urban slum dwellers of

the world. It would create the basis for many alternative
development policies and programmes at the international,
national, state (or province) and urban levels of governance
and in civil society. It would also foster development that can
fulfil the twin roles of improving the quality of life of the
urban poor, while creating sustainable urban lifestyles that
are central to the messages of this report.

Chapter 2 describes the process by which climate
change has become part of the international agenda, explor-
ing the main mechanisms, instruments and financing
strategies of the UNFCCC and the Kyoto Protocol. The
message of climate change, however, only caught public
attention with increased scientific knowledge of, and public
concern about, global environmental issues that crystallized
in the creation of the UNFCCC. This new public awareness
was further catalysed by an array of extreme events that are
increasingly affecting the world, and the creation of the
[PCC. The chapter also identifies the key actors, components
and actions of climate governance other than the Climate
convention and protocol at the international, regional,
national and sub-national levels. The implications of the
international climate change milieu for local action at the
city level are described and the extent to which actors of this
level have benefited from the various funding and support
mechanisms currently available is reviewed.

Chapter 2 also outlines some common features that
have defined the international climate regime, such as the
use of a ‘framework’ scheme with general formulations that
are deliberately ambiguous in order to limit conflicts
between the positions of all representatives. The basic
principles arrived at are then fleshed out through regular
post-agreement meetings of the countries that have adop-
ted the UNFCCC. Particularly in negotiations during key
sessions of the Conference of the Parties (COP) to the
UNFCCC, little progress is made during most of the negotia-
tion period. Precisely because effective policies to reduce
GHG emissions imply deep transformation in energy
systems, lifestyles and economic activities, an under-
standably high contentiousness exists every time the COP
discusses how much needs to be mitigated by whom, when
and where (burden and timetables of commitments); who
will pay for the responses and how (financial assistance and
technology transfer); and what institutions and implementa-
tion mechanisms need to be in place to ensure participation
and compliance.

Conflicts and uncertainties can help to understand, at
least partially, the complex and fragmented governance of
climate issues. Yet, equally important is to be aware of the
fact that rather than being a wholly rational process, policy-
making is an incremental undertaking. Climate governance
is made up of a patchwork of binding agreements (e.g. the
Kyoto Protocol), organizations (such as the UNFCCC secre-
tariat, the IPCC and the United Nations) and networks that
are quite different and distinct in their functions and
approaches (e.g. rule-setting and information-sharing), their
constituencies (private and public), their spatial scope (local,
bilateral to global), their focus (e.g. mitigation, adaptation,
disaster management and development), and their capacity
to steer climate-relevant action. The Climate Convention



also coexists with a set of parallel initiatives and frameworks
(e.g. the Hyogo Framework), operating at different sectoral
and spatial levels and exerting deep influence on climate
issues. For instance, the adaptation and disaster risk manage-
ment communities share many commonalities, and can learn
and benefit from each other’s concepts and experience. Yet,
outstanding differences also exist, particularly in terms of
terminology, actors involved and types of intervention.

A relatively small number of countries, states/
provinces and cities have played leading roles in addressing
mitigation and — to a lesser extent — adaptation. Some (e.g.
London, UK; California, US; King County, Oregon, US;
Durban, South Africa) have launched ambitious climate
change programmes; have created positive synergies with
other tiers of government; and have mobilized the necessary
support from the public and private sectors to curb GHG
emissions and adapt to climate change. However, even the
leaders and frontrunners in climate change action are faced
with multiple challenges and difficulties in achieving their
mitigation targets (such as the UK). This is true because
many proposed actions are voluntary, and policies in many of
the existing plans do not appear adequate to address the
problem.

Although existing knowledge lags behind the recent
explosion in city responses to climate change, it can be said
that some urban actors have been able to take advantage of
the opportunities offered by the multilevel governance struc-
tures briefly described in Chapter 2. More urban authorities
than ever currently participate in transnational networks,
research-sharing, learning initiatives and advocacy efforts.
These urban actors have developed a more aggressive
approach, seeking to secure the economic competitiveness
of their cities and to input a local voice in international
negotiations (such as the World Mayors Council on Climate
Change at the COPs) and organizations.

Climate action at the urban level has been shaped by a
myriad of factors. These are given by institutional conditions
and incentives, such as existing international instruments
and financing mechanisms, supra-regional programmes and
national regulation systems. This Global Report has provided
different examples of this. The emphasis on mitigation
strategies and actions by city-relevant local authorities can be
partially attributed to the importance of such international
mechanisms and programmes as the Clean Development
Mechanism (CDM), which were made operational earlier
than adaptation funding mechanisms, such as the Adaptation
Fund.* This mitigation emphasis is also the result of the
design, within the European Union, of the European
Emissions Trading Scheme — the largest multinational GHG
emissions trading scheme in the world — and the leadership
of such countries as the UK, Germany and Norway that have
been key promoters of climate policies aimed at mitigation.
These countries have assembled an array of policies to
achieve long-term reductions.

Action on climate change issues — for mitigation or
adaptation — is largely a function of knowledge, whether
generated by scientific communities or brokered by the
media, scientific entrepreneurs or non-governmental organi-
zations (NGOs) at different levels (from the international to
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the local). It is, hence, necessary for academic institutions,
local authorities and key stakeholders to generate the neces-
sary information and create the sense of identity and the
buy-in necessary to affect change. Equally important,
however, has been the power that different groups have to
make their points of view prevail.

Individual and organizational leadership has been
another factor shaping climate action and creating windows
of opportunity offered by transnational networks. However,
administrative structures, party politics, political timetables,
inertias and many other institutional constraints need to be
overcome, thus requiring a broader-based institutional
capacity for climate protection. The absence of this institu-
tional capacity has deterred key mitigation and adaptation
efforts. Yet, paradoxically, in some cases (e.g. US actions at
the state and urban levels), it has become another source of
opportunity for state and local actors to fill a leadership gap.

A fundamental goal of urban actors has been to offer
the conditions for business and investment to flourish. This
can attract jobs and tax revenue in carbon-relevant sectors
(such as renewable energy and production of more efficient
appliances). However, it can also create an environmental
race for the bottom, as regulations protecting the health and
well-being of urban inhabitants are cut in order to promote a
business-friendly environment, thus negatively affecting
adaptive action.

Creating policies to address climate change is not only
about goodwill or institutional capacity, it is also about
understanding the inertia and endurance characterizing
many of the issues that adaptation and mitigation actions are
supposed to address. Power plants, refineries and other
energy investments have long lifetimes. Similarly, this is also
the case with water systems, roads, houses and other compo-
nents of the built environment at risk from the impacts of
climate change. Although increased research, development
and actions to reduce emissions are required within the next
few years to achieve the target of no more than a 2°C
increase in the Earth’s average temperature, it will take
decades to centuries to move the world’s current energy
system away from its dependency on fossil fuels, the main
source of GHG emissions. Urban form changes at slow rates,
cannot be easily shaped by design and takes a very long time
to build urban infrastructures.

Akey problem outlined in Chapter 2 is that actors and
agents of climate change at all levels, including governments,
NGOs and civil society, are, most often, preoccupied with
immediate and often localized interests and priorities; but
these same actors need to move within short timeframes to
guarantee long-term and wide-ranging global interests that
can seem remote and unpredictable at best. Much action on
mitigation and adaptation will need to come from local actors
and agents, focusing their work at the local level where all
the impacts of climate change will ultimately be felt.
Networks of local actors can further energize this movement
and may accelerate action at the global level. This work must
include education and outreach to build broad-based support
for mitigation and adaptation initiatives to increase the
adaptive capacity of areas and populations that are most
vulnerable to the effects of climate change. It will also
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require a shift in paradigm, from the current focus on inter-
national responses to one that is more broad based and
inclusive of actions at national and local levels.

Sources and drivers of cities’ GHG emissions

To explore the sources and drivers of urban areas’ contribu-
tion to climate change is of utmost importance for several
reasons. First, transportation, energy generation, industrial
production and other urban sources are associated with
cities and their functioning. Each of these sectors consti-
tutes a universe by itself, not only in terms of the types of
GHGs that they generate, or the factors explaining differ-
ences in the levels and carbon intensities of their emissions,
but also in terms of the mitigation opportunities that they
offer, all of which will be briefly discussed here.

Energy is by far the most relevant sector for assessing
GHG emissions, as the combustion of fossil fuels for electri-
city generation, heating, cooling, cooking, transportation and
industrial production is the major source of GHGs. The
energy systems that urban areas rely heavily on are shaped
by the quantity of energy used, the energy structure (i.e. the
types of energy forms used) and the quality of the energy
(e.g. natural gas is less carbon intensive than coal). Variations
in emissions by one of the main urban energy sectors,
electricity consumption — both between and within urban
areas around the world — depend on several factors that
policy-makers can address: access to the grid; the type of fuel
used to generate electricity; technologies applied; and
existence of alternative sources of generation (renewable,
nuclear, etc.).

Transportation is another key emitter that increases as
economies grow, especially in developing countries, and as
incomes rise. Emissions by the sector are expected to
continue increasing in the coming decades. Particularly in
developed countries, urban areas often generate smaller
amounts of per capita GHG emissions from ground trans-
portation than rural areas. Density plays a key role in this
difference, and is one of the most important factors influen-
cing differences both in the amount of energy used and GHGs
emitted across urban areas. This should not lead decision-
makers, however, to simply base their actions on a snapshot of
urban form at a particular moment in time. It should, rather,
lead them to address the dynamics of such processes as the
extent of automobile use, quality of public transit, land-use
planning and governmental policies, all of which determine
the impact of urban density upon energy use and emissions by
the transport sector. Policies aimed at reducing emissions by
the sector need to consider that differences in emissions for a
mode of transport (e.g. private vehicles) also depend on
several factors: size and types of vehicles, efficiency of
engines, maintenance practices, vehicle-trip frequencies and
operating speeds, and driving behaviour.

Commercial and residential buildings are key sources
of direct emissions, indirect emissions and emissions associ-
ated with embodied energy (i.e. commercial energy used to
make products). These are related to onsite combustion of
fuels, public electricity use for street lighting and district
heat consumption, and through the materials used for their

construction. Decision-makers need to pay attention to such
factors that determine emissions from buildings as the need
for heating and cooling (determined by climate conditions,
but also by cultural preferences and access to monetary
resources), the construction of the building, the behaviour
of building occupants, the type of fuel used, the size of the
space to be heated or cooled, and the orientation of the
buildings.

Two other key emitting sectors are industry and waste.
Because many industrial activities are energy intensive in
their operation, their increasing dominance in the
economies of such cities as Saldanha Bay in South Africa or
Shanghai in China (see Chapter 3) can make up a big part of
their emissions. Mitigation policies and strategies need to
address the following factors accounting for differences in
industrial emissions: location, size and age of the industrial
facilities, as well as the carbon intensity of their energy
sources. Although waste is a small contributor to global
emissions, rates of waste generation have increased during
recent years, particularly in rapidly industrializing developing
countries that have been experiencing increasing affluence.
Waste generation is linked to population, affluence and
urbanization; yet — as exemplified by Barcelona (Spain),
London (UK) and New York (US) — emissions from waste
generation can be greatly reduced by such measures as
efficient collection, and technologies for methane capture
and storage, as well as for methane to energy conversion.

The second reason for highlighting the need for an
understanding of the sources and drivers of GHG emissions
relates to a twofold purpose of measuring emissions from
cities: inventories of emissions provide a basis for compar-
isons and for inter-urban competition and cooperation; and
they constitute a crucial first step in identifying potential
solutions. However, cities also rely on inward flows of food,
water and consumer goods that result in GHG emissions
from areas outside the city.

Notwithstanding the importance of emission invento-
ries, it has been difficult to develop a standardized globally
comparable methodology for GHG emissions at the local or
municipal level. There are a number of reasons for this:

o [tis difficult to attribute to cities emissions by such
sectors as aviation and shipping. For example, many of
the passengers using major international airports
situated in or close to major cities may be from
elsewhere in the country, or may only be using these
airports for transit purposes.

o The different methodologies used to measure emissions
can result in different numbers (i.e. scope issues). For
example, Scope 1 inventories only include direct
emission sources within the political boundary of a city,
while Scope 3 would include all indirect and embodied
emissions (such as GHG emissions embedded in food).

e Awide range of boundary definitions are used to define
urban areas and cities. It is clear from Chapter 3 that
the smaller the scale, the greater the challenges posed
by ‘boundary problems’, which make it increasingly
hard to identify which emissions ought or ought not to
be allocated to a particular place.



The above should lead policy-makers to be extremely
cautious about statements or numbers on the total contribu-
tion of urban areas to GHG emissions — not only because of
the lack of an accepted definition of an ‘urban area’ or ‘city’,
or of globally accepted standards for recording emissions,’
but also because little clarity exists on the relative allocation
of responsibility from ‘production-based’ or ‘consumption-
based’ approaches. This is illustrated by the fact that vastly
different proportions of emissions can be attributed to the
manufacturing sector of Chinese or African cities discussed
in Chapter 3, which produce goods for consumption in many
other locations around the world.

What is clear is that a large measure of the responsi-
bility for the emissions in the producing country should be
borne by individuals consuming the produced goods. In
contrast with most assessments of the urban contribution to
climate change, focused on the emissions that are produced
by activities taking place within given territorial boundaries,
Chapter 3, therefore, suggests an alternative approach which
also considers the emissions associated with the consump-
tion patterns of individuals. This idea acknowledges the fact
that many agricultural and manufacturing activities that
meet the needs of urban residents take place outside city
boundaries, and often in other countries. Furthermore, and
most importantly, it leads to the conclusion that unsustain-
able levels of consumption — as partially determined by the
marketing strategies of corporations, but which also drive
the processes of production — are crucial to understanding
the contribution that urban areas are making to climate
change.

Besides patterns of consumption, a variety of overrid-
ing factors account for the different contributions of urban
areas to GHGs, both within and across countries. The first
are the various dimensions of geography that can be broadly
categorized as climatic situation, altitude and location in
relation to sources of energy resources (e.g. hydroelectricity
and coal).

The second is the demographic composition and
dynamics of a society given by changing age structures, and
the increasing trend (at least within wealthier groups)
towards smaller households. Demographic dynamics relate
to GHG emissions in very complex and shifting ways.

Urban form and urban density are the third factor,
related to a series of social and environmental outcomes. For
instance, the extremely low densities of many suburban
areas (particularly in North America and Australia) are associ-
ated with high levels of household energy consumption and
emissions as a result of sprawling buildings and extensive car
usage. On the other hand, the extremely high densities of
many developing country cities can be related to increased
health risks, and high levels of vulnerability to climate
change and extreme events. Some of the many factors deter-
mining climate risks can be exacerbated by density: coastal
location, exposure to the urban heat-island effect, high levels
of outdoor and indoor air pollution, and poor sanitation.®
These same factors, however, can create opportunities for
simultaneously improving health and cutting GHG emissions
through policies related to transport systems, urban
planning, building regulations and household energy supply.
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Finally, the types of economic activities taking place
within an urban centre are another key determinant of GHG
emissions, not only because the dominance of industrial
activities has a huge influence on patterns of emissions, but
also because — as illustrated by many cities in South Africa -
extractive activities and energy-intensive manufacturing,
particularly if depending on fossil fuels, are obviously associ-
ated with higher levels of emissions.

The multiple urban faces of climate impacts
and vulnerabilities

Chapter 4 highlights the potential cumulative and multiplica-
tive effects of loss of lives, damage to infrastructure and of
other climate-related impacts. It also addresses the distribu-
tional nature of climate change impacts both within and
among cities. However, not all of the outcomes of climate
change are negative. As illustrated by cities as diverse as
Durban (South Africa), Manizales (Colombia), New York
(US) and London (UK), the potential also exists for cities to
serve as sources of resilience to climate change, taking
advantage of opportunities to address multiple developmen-
tal problems at once and to lead the world on adaptation
efforts.

Chapter 4 also points to current findings on the
recent and future trajectory and geographical variations in
climate hazards. For instance:

o Although showing significant regional variation, average
sea levels have been rising and are expected to continue
to rise around the world, thus putting coastal urban
areas at risk from property damage, displacement of
residents, disruption of transportation and wetlands
loss.

* Tropical cyclones and extra-tropical storms have been
increasing in intensity since the 1970s.

e Severe precipitation events have become more intense
and more frequent, and are predicted to cause a greater
incidence of urban flooding.

* Asaresult of climate change, extreme heat events are
predicted to become more intense, longer lasting and
more frequent over most land areas.

Urban areas are already facing an array of hazards, with some
that are related to climate change and others that are not;
but together these hazards may present a complex set of
circumstances that will increase impacts. Heat waves
coalesce with urban heat islands and air pollution to put
urban populations at increased risk from respiratory mortal-
ity. When hitting areas subjected to processes of
deforestation and erosion, heavy precipitation events result
in flooding and landslides, whose primary victims are popula-
tions living in slums.

Climate events can also result in different sets of
social and environmental impacts upon the economic
sectors, infrastructures and population groups of a city. For
instance, severe weather events, including heavy precipita-
tion and wind, can decimate the built environment,
including homes and places of business. They can also
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disrupt and cause lasting damage to highways, seaports,
rivers, bridges and other components of the transportation
systems that urban centres depend on. These weather
impacts can affect such infrastructures as water supply,
sanitation and energy provision. They can also affect the
insurance industry and its beneficiaries by increasing the
costs of insurance coverage and can negatively affect not
only retail and commercial services, but also industrial facili-
ties, especially if they are located in risk-prone areas or
depend on climate-sensitive inputs. Furthermore, they can
make it difficult for residents of informal settlements to
conduct small-scale commerce, petty trading and artisan
trades.

When considering how climate change will impact
upon urban areas, it is important to distinguish between risk
and vulnerability. The same risk factors (such as hurricanes
and floods) can be experienced differently by different
individuals, demographic groups, cities and countries. Most
climate change risks have a high degree of regional and local
variation. The level of risk to an urban area from these
impacts depends, in part, on how much of the city’s popula-
tion and economic assets are located in high-risk areas (i.e.
exposure). In many cases, exposure level will be a function
of the location of the city itself. Exposure can also be linked
to land-use planning within a city, including continued devel-
opment in known hazardous zones, and the destruction of
natural protective areas.

Similar climate change impacts are not experienced
the same way by cities in developing and developed
countries. The degree to which urban areas are vulnerable to
climate hazards or can suffer negative impacts depends not
only on the nature and dynamics of physical hazards, but also
on social and environmental factors such as the:

e integrity of infrastructure and urban planning, or lack
thereof;

* availability of financial and human resources;

e presence of disease and malnourishment;

* availability of information and level of awareness of risk;
and

¢ extent of dependence on natural resources.

Differences in climate impacts also exist between men and
women, the elderly and children, and the wealthy and the
poor, both in developed and developing countries. For
example, men and women differ in their livelihoods, family
roles, behaviours, access to assets and perceptions of risk.
Both can be treated differently with respect to planning and
relief efforts during and after disasters. Impacts are also
frequently more severe for the disabled, and ethnic and
other minorities, who are frequently and relatively more
disadvantaged in terms of access to assets and adaptation
options. The vulnerability of children relates more to their
physiological immaturity or to their limited cognitive ability
and behavioural experiences, compared to adults. The
vulnerability of the elderly can depend upon such factors as
poverty (greater in developing countries), social isolation
(more common in developed countries) or deteriorating
physical health and mobility.

[t is also important to note the issue of compounding
vulnerabilities — that is, the fact that some population groups
fall into more than one such category (e.g. poor old women)
and can thus find themselves dramatically constrained in
their ability not only to cope with future climate hazards, but
even to prepare for and respond to the varied stresses that
they already face.

Government intervention can fundamentally improve
urban resilience to climate change impacts through targeted
adaptive finance, broad institutional strengthening and more
attention to the causes of vulnerability. The opposite,
however, can also be the case. Maladaptive policies — such as
ineffective or completely lacking land-use controls, weak
building code standards or ineffective enforcement — have
directly resulted in increased vulnerability of urban areas or
of households and communities within them to sea-level
rise, flooding and coastal storms.

In order to improve resilience to climate impacts, it
has been suggested that urban governance should target the
most vulnerable populations — namely, the urban poor and
individuals living in informal settlements. These two groups
have often been ignored in more conventional urban
planning and intervention. Policies will need not only to
reduce the vulnerabilities of existing populations, but also to
address the underlying issues that permit settlement in
marginal and vulnerable urban areas in the first place.

Mitigation responses

Because cities represent concentrations of populations and
economic activities with expanding energy demands for
heating, cooling, lighting, transportation, industrial proc-
esses, water provision, waste disposal and telecommun-
ications, they can be seen as one ‘part of the problem’ of
climate change. Reducing GHG emissions is, therefore, one
of the key policy challenges that cities face. Beyond this view
of cities as a major culprit in global climate change, however,
there is also great promise for these same cities to become
‘part of the solution’. Cities may play a major role in mitiga-
tion efforts for three reasons. First, they have direct or
indirect jurisdictional responsibility for some of the key
processes that may be involved in the production or reduc-
tion of GHGs — processes such as transportation, energy
generation and use, land-use planning, and waste collection
and disposal. Second, by virtue of the fact that cities concen-
trate populations and businesses, they may also make
feasible such potential solutions as mass transit and energy
savings in office buildings. Third, they may act as a catalyst to
other potential levels of action on climate change as munici-
pal governments interact with stakeholders in the private
sector and civil society. Over the past two decades, in fact,
cities have become a ‘crucial arena’ where the challenges of
climate change are being addressed.

Chapter 5 notes that there are five key sectors where
mitigation actions are taking place in urban areas. These
sectors are urban form and structure; the built environment;
urban infrastructures; transport; and carbon sequestration.
In terms of the first of these, urban sprawl is an area of
concern for both developed and developing countries. This is



so because distances travelled between home and work,
education or leisure activities equate to a greater reliance on
motorized transportation. Sometimes sprawl has also led to
middle-class urban fringe districts where more available land
and a release from some of the building constraints of the
central city has meant larger house sizes and higher per
capita GHG emissions. In other cities, however, sprawl is
fuelled by the growth of informal settlements.

In order to address these issues, many strategies have
been used to limit urban expansion, reduce travel and
increase energy efficiency of the urban form. Some of these
take the form of small- and large-scale regeneration projects
(urban renewal), and these have taken place primarily in
developed countries. Within developing countries there are
few mitigation initiatives that make explicit use of urban
form; when attempted, they are often constrained by a lack
of capacity among local governments to implement them
effectively. They also have been criticized for their exclusive
nature and potential for exacerbating social inequalities (e.g.
the eco-city Dongtan in China).

The design and use of the built environment is an area
that is critical to urban mitigation efforts, and actions fall
into three broad categories. These are economic incentives,
regulatory requirements and information programmes. More
recently, a growth in voluntary public—private partnerships
and a mixing of these approaches has led to an explosion in
the range of approaches used, including micro-generation
and new building materials. Nonetheless, built environment
projects primarily take place within the cities of developed
countries, and have sometimes taken the form of efforts to
help the urban poor. Some of these projects’ have been led
by grassroots organizations and housing co-operatives,
suggesting that innovative forms of social organization are
emerging and creating initiatives that address climate change
mitigation, while also potentially taking on issues of social
and environmental justice. The combination of social and
environmental gains may be particularly useful in developing
countries and for addressing such issues as fuel poverty.

Many of the urban infrastructure initiatives focusing
on energy efficiency are primarily driven by such factors as a
desire for energy security and financial savings, and — to a
lesser extent — by the opportunities offered by international
instruments such as the CDM. Both drivers may have helped
to keep these projects economically and politically feasible,
but, at the same time, may limit their effectiveness in long-
term GHG savings, as financial savings have sometimes led
to increased usage. Because of this, measures must be taken
against the rebound effect, where increased efficiency leads
to higher energy consumption. Thus, energy efficiency
projects need to be coupled with the development of low-
carbon renewable fuel sources and efforts to reduce energy
consumption.

As noted above, the transport sector is a large contrib-
utor to GHG emissions. Growth in GHG emissions also
reflects a modal shift, since higher incomes increase the
affordability and desirability of private automobiles, and
middle- and high-income groups within developing countries
move towards the use of private vehicles and away from
public transportation. Climate change mitigation schemes in
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the transport sector may be grouped into seven categories,
including low-carbon transport infrastructure; low-carbon
infrastructure renewal; fleet replacement; fuel switching;
enhancing energy efficiency; demand-reduction measures
(for private motorized vehicles); and demand-enhancement
measures (for public and other low-carbon modes of trans-
portation, such as human powered).

Carbon sequestration involves removing carbon from
the atmosphere, either through promoting natural carbon
sinks (such as planting trees or protecting forests) or by
technological means for carbon capture and storage. While
carbon sequestration schemes have mostly been on the
periphery of urban mitigation efforts, new technologies for
carbon capture and storage and international carbon finance
are bringing carbon sequestration to the fore. Most carbon
sequestration schemes at the urban level relate to tree-plant-
ing schemes, as well as restoration or preservation of carbon
sinks. Carbon sequestration projects combine well with city
beautification programmes where measures such as creating
and protecting green spaces and facilitating public access can
be brought together.

Despite the array of mitigation responses by urban
centres to date, a piecemeal rather than a strategic approach
is very common. Furthermore, notwithstanding the
existence of initiatives to measure mitigation outcomes,®
there is limited information about the individual and collec-
tive impact of existing responses, especially when they
extend beyond municipal buildings and infrastructure
systems or involve behavioural change. The reasons for this
include the relatively short time-scales involved and the
fragmented nature of the data available, especially with
regard to levels and reductions of GHG emissions within and
across urban communities and sectors.

Of the four types of municipal governance described
in Chapter 5, self-governing, the one mostly emphasized by
municipal authorities, faces a limitation: frequently, munici-
pal GHG emissions make up a small percentage of the total
city emissions. This means that too much attention to the
self-governing mode may detract resources from the broader
mitigation challenges faced by a city. Seeking to govern
climate change through the provision of infrastructure and
services holds the most potential in cities where municipal
governments retain ownership or control of infrastructure
networks, and where basic needs have been met. Because of
their targeted and enforceable nature, taxation, land-use
planning and other regulation mechanisms can also be very
effective in terms of reducing GHG emissions. Yet, these are
also the least popular approaches adopted by municipal
governments and, therefore, the most difficult to sustain
politically. The enabling mode of governing has significant
mitigation advantages: it results in (relatively) low upfront
economic and political costs, and can also increase the trans-
parency and legitimacy of urban governance. However,
enabling initiatives are restricted to those who are willing to
participate, and cannot be enforced.

Chapter 5 also explores three modes of public—private
governance of climate change action: voluntary, private
provision and mobilization. The chapter uses the limited
available data on this relatively new phenomenon to draw
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some preliminary conclusions. These approaches tend to be
adopted by partnerships or networks, and to focus on the
adoption of voluntary standards. They have the potential to
offer win-win options (i.e. tackling mitigation through a
progressive, inclusive and environmentally fair approach).
They are also faced with problems, however: they are small
in scale and often politically marginal. They may serve to
shift accountability away from actors with much higher
responsibilities for the bulk of (urban) GHG emissions.
Although partnerships may provide shared resources, knowl-
edge and other benefits, they are often fragile and
threatened by the potential of promoting the points of view
of a select group of individuals and serving powerful inter-
ests at the expense of the disenfranchised.

Adaptation responses

Because mitigation efforts at all levels have so far not been
able to move the global climate system away from its current
and dangerous trajectory of change, adaptation actions are
urgently needed to address both current and future climate
risks in urban areas. What decision-makers at different levels
do today to cope and adapt will have an influence on the
lives and livelihoods of millions of urban dwellers. Buildings,
infrastructures, energy systems and other key components of
cities are long lasting. Therefore, what is designed and built
now will be fundamental in coping with climate change
many decades into the future.

Urban populations have long had to cope with a wide
range of risks to their economic activities, lives and liveli-
hoods. In the absence of effective local government actions,
these become the most frequent types of response to
climate change. Yet, these responses are generally small
scale; they do not address the underlying root causes of
vulnerability and are therefore best described as coping
strategies.

Wealth and access to assets, information or social
networks can help individuals to reduce the risk of negative
outcomes. Wealth, for instance, allows individuals to buy,
build or rent homes that can withstand extreme weather in
districts that have not been at risk from flooding. As illus-
trated by such cases as Dhaka (Bangladesh) and Lagos
(Nigeria), populations lacking access to these use other
strategies to reduce the risks of negative outcomes. Most of
the measures taken to help cope with climate events are
impact minimizing or impact reducing, rather than preven-
tive.

Community-based adaptation is important in urban
areas, as it helps to address the limitations or inadequacies of
governmental intervention (such as in the provision of infra-
structure and services); and because it can become an
important part in the enhancement of resilience to extreme,
and increasingly unpredictable, weather events. Community-
based adaptation is based on the premise that local
communities have the skills, experience, local knowledge
and motivation, and that, through community organizations
or networks, they can undertake locally appropriate risk
reduction. However, to be effective, community-based
adaptation depends on the actual existence of a collective

‘community-based” organization in which the needs and
priorities of those most at risk or most vulnerable are repre-
sented and actually taken care of in effective ways. It also
needs to focus on the reasons why the urban poor are dispro-
portionately vulnerable to climate change, such as through
their greater exposure to hazards, the lack of hazard-reduc-
ing infrastructure, the lack of state provision for assistance
after extreme events, and the lack of legal and financial
protection.

Equally relevant can be other grassroots organiza-
tions. For example, by enhancing the capacity of the urban
poor to save regularly, by helping to identify and purchase
land for housing, and by promoting other actions of commu-
nity organization, slum federations (such as in the
Philippines and India) are helping to build the resilience of
low-income households to many potential shocks.

Yet, community-based adaptation and grassroots
organizations are faced with constraints arising from the
immense cost, energy and time required to construct,
develop and maintain the key determinants of resilience for
the inhabitants of many cities in developing countries. These
determinants of resilience include infrastructure and
services, warning systems, emergency responses, education,
etc. In fact, most climate change-related risks exacerbate
risks already present, which are the result of inadequacies in
local governments’ capacities or willingness to manage and
govern urban areas. Thus, there is a large deficit in the basic
infrastructure and services needed to address not only risks
related to extreme weather and water constraints, but also
‘everyday’ risks.

Cities in developed countries do not have very large
infrastructure deficits. Most or all of their inhabitants live in
buildings that meet building standards, have access to educa-
tion and are served by piped water supplies, sewers, drains
and solid waste collection. Therefore, their adaptation
responses are frequently relatively easier to design, imple-
ment and fund. This does not mean that adaptation easily
gets the political support that it deserves. Many cities need
major upgrades in their infrastructure and should take
account of likely climate change impacts. Most cities need to
expand their capacity to anticipate and manage extreme
weather events. Some cities are located on sites that are at
risk from the implications of climate change (such as coastal
areas). Finally, key actors in many developed country cities
which struggle with economic decline see climate change
risks as a distant danger.

Some components of effective adaptation responses
can be drawn from the analysis of different case studies
presented in Chapter 6. An essential first stage is the recog-
nition among authorities and stakeholders that climate
change impacts need to be considered. Then an information
base on current conditions (i.e. on impacts of past extreme
weather and other disasters) needs to be developed.
Involved parties need to build on community and district
assessments, as well as projections of future climate change,
to develop risk/vulnerability assessments for the city.
Strategic plans for the city as a whole and for its different
sectors should be developed in association with other stake-
holders. Furthermore, measures should be undertaken to



support those adaptation responses that are already taking
place.

Financing for adaptation revolves around two main
issues: whether funds will be available to cover the cost of
adaptation for urban areas, and whether there is the capacity
to use such funds to ensure that the needed adaptation can
take place. Financing for adaptation can complement devel-
opment assistance. While the latter can help focus on the
drivers of vulnerability that are associated with weak institu-
tional capacity, the Adaptation Fund (see Box 2.2) can
support the broader climate risk management strategies of
developing countries. Furthermore, both can help to
overcome the contentious issue of the boundary between
climate change adaptation and development, if designed
with this in mind.

A further related issue refers to the costs of adapta-
tion. Most estimates of the costs of adaptation relevant to
urban areas are estimates of the costs of adapting infrastruc-
ture, and these are faced with some problems. First is the
ambiguity as to what to include under infrastructure
(housing, for example, is sometimes included by the IPCC,
sometimes excluded). Second is the assumption made that
costs can be calculated by applying a small increment to
existing investment flows into infrastructure that is climate
sensitive, with no account taken of the very large infrastruc-
ture deficits. This leads to overestimates of the proportion of
investment allocated to developed countries and to under-
estimates of the sums needed for Africa and other places
where there are very low/inadequate investment flows into
infrastructure. The third is the belief that the availability
of funding from international agencies is the ‘solution’
for adaptation, forgetting that local governments in many
developing countries are often weak, ineffective and unac-
countable to local populations. As a result, their capacity to
design and implement appropriate adaptation strategies
responding to the requirements of those most at risk from
climate change must be in doubt. Last, but not least, is the
idea that ‘adaptation’ and ‘development’ can be kept
separate. As noted in earlier chapters, climate change
impacts upon the ground are exacerbating non-climate
change impacts, and addressing both is inhibited by institu-
tional/governance failures. It is therefore necessary to study
carefully what adaptation would involve in particular
locations and what component of this is related to the exist-
ing infrastructure deficit.

[t is also important to keep in mind that it will not be
possible to adapt to climate change impacts in a number of
locations — because adaptation is considered too expensive
or technically unfeasible. Such consequences are often
referred to as ‘residual damage’, and the number of such
locations (and populations at risk) is likely to rise without
successful mitigation. In addition, the issue of migrants who
are forced to leave their homes due to future climate change
needs to be addressed. As noted in Chapter 6, people whose
lives and homes cannot be adapted in situ fall outside the
scope of most national and international legislation. Thus,
there have been some, though still marginal, calls for the
development of new international legislation to address the
concerns of ‘climate migrants’ — perhaps in the form of an
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international convention for persons displaced by climate
change.

ADDRESSING URBAN GHG
EMISSIONS AND
VULNERABILITIES:
CHALLENGES,
CONSTRAINTS AND
OPPORTUNITIES

Based on the findings of the previous chapters of this Global
Report, this section explores the challenges, constraints and
opportunities of efforts to decrease urban GHG emissions
and thereby enhance society’s resilience to climate change.
The global mitigation challenge will be to achieve develop-
ment paths that will bring down emissions by 2015 and
stabilize them by the end of the century at 445 to 490 parts
per million CO, equivalent (CO,eq) by volume.” Only in this
way can the global average temperature increase be kept
below 2°C, which, as recognized in the Copenhagen Accord,
is necessary to prevent harmful human interference with the
climate system.

Considering an estimated global population of 9
billion by 2050 and an increasing urban share of that popula-
tion, this means individual carbon footprints around the
world will have to be kept at an average of less than 2.2
tonnes per year. Yet, annual per capita emissions in some US
cities reach (or even exceed) 20 tonnes of CO,eq.'® Thus,
there is a need to reduce the emissions of many cities and
citizens in developed countries (and even in some develop-
ing countries) considerably. In order to address this
challenge, multilevel and multi-sectoral actions — including
many measures at the urban level — will need to achieve:

* reductions in the quantities of fossil fuels used;

* reductions in the carbon content of the fossil fuels used
(such as a switch from coal to natural gas); and

e changes in the energy structure (such as increased
reliance on renewable energy sources) by switching to
other sources of energy, while ensuring that the quality
of energy provision is kept.

For example, measures need to be undertaken to ensure that
electricity, a key component of urban life, is generated
through less carbon-intensive energy sources.!!

All of these require that the decline in the carbon
intensity of fuels and the increase in both energy efficiency
and provision of low carbon-intensity clean fuels are
achieved in such a way that the global amount of emissions
from fossil fuels is substantially reduced. And as can be
concluded from this Global Report, this is not always the
case.

Mitigation responses formulated so far have primarily
focused on improving energy efficiency or reducing carbon
intensity, which does not necessarily translate into a reduc-
tion in the total amount of emissions. A focus on energy
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efficiency savings in current infrastructure and devices (such
as cars) can result in a ‘rebound effect’ — that is, an increase
in consumption (resulting, for instance, from the use of
smaller engines but driving longer distances) following finan-
cial savings in their operation. Furthermore, such a focus can
downplay other more effective options. For example, sizeable
renewable energy installations, including wind, solar and
hydropower, have received relatively lower emphasis.'? Thus,
regulations and incentives by decision-makers operating at
international and national levels need to be set, focusing on a
portfolio of energy alternatives (i.e. not only on fossil fuels or
biofuels, but on combinations of all fuels that take advantage
of and respond to differing circumstances and contexts).

Cities are and can contribute to addressing the mitiga-
tion challenges of climate change in several ways:

e gasinitial seedbeds and niches for entrepreneurial
experiments with radically new technologies (by
commercial private-sector actors);

¢ g lively laboratories for experimentation among
emerging and future-looking communities (such as
Hammarby Sjéstad in Stockholm, Sweden'3) that share
particular perceptions, visions and ideas as to how to
move urban communities away from current unsustain-
able development paths; or

* as communities that build networks and platforms (such
as workshops and conferences) to facilitate the
exchange of knowledge and experiences, as well as the
articulation of best practices.!*

Depending on their national contexts and histories, urban
local authorities have a highly variable level of influence
over GHG emissions. They can induce emissions reductions
in the energy sector through measures such as retrofitting
commercial, domestic and municipal buildings, by switching
traffic lights to energy-saving bulbs, etc. Besides having
influence over the efficiency of their transportation fleets,
they can implement transport planning policies which
encourage alternatives to the private car, such as the
Transmilenio in Bogotd (Colombia). They can design zoning
measures to promote certain patterns of settlement, energy
efficiency measures in new buildings, and standards for
domestic and commercial buildings, as exemplified by the
experiences of London (UK) and Chicago (US). They can
implement programmes to reduce GHG emissions in the
waste sector, such as through methane capture. Non-
governmental actors such as private-sector organizations are
now voluntarily involved in actions to decrease energy use
in commercial buildings. A similar movement is happening
within civil society groups, such as the ‘transition towns’
movement.'

The number of actions currently taking shape show
that involved stakeholders do acknowledge the urgency of
mitigation, and demonstrate their awareness that action
should be taken now to avoid abrupt or irreversible impacts.
Mitigation, indeed, is already happening at different levels of
government, but not at all levels or with the required effec-
tiveness. As indicated in Chapter 2, there are many
challenges faced even by such ambitious endeavours as the

European Emissions Trading Scheme and the mitigation
responses of the UK and Germany.'® Furthermore, although
climate change is firmly on the urban policy agendas in both
developed and developing countries, it remains a marginal
issue in terms of implementation.

Diverse institutional factors explain the challenges,
constraints and opportunities of mitigation responses by
local authorities. The first relates to the influence of the
context-specific interactions between different tiers of
government on local authorities’ response capacity (multi-
level governance). International and national policies provide
the enabling — but also constraining — context within which
urban responses are framed; determine the autonomy and
competencies — the duties and powers — for municipal
authorities to act in response to climate change; and enable
policy integration within and between local authorities.
Another set of institutional factors shaping local authorities’
mitigation responses is their institutional ability to imple-
ment and enforce policies and measures. In many policy
areas, municipal authorities, especially but not exclusively in
developing countries, are unable or unwilling to enforce
building codes, land-use zoning, fossil fuel standards and
other regulations.

Two other factors are critical for the development of
mitigation policies — namely, the dynamics of network
creation and leadership — the latter both at the individual
and institutional levels. Local Governments for Sustainability
(ICLEI), organizations compiling and disseminating expert
knowledge such as the [PCC, the United Cities and Local
Governments and the Urban Leaders Adaptation Initiative,
among other international, national and municipal networks
of governmental and non-governmental organizations, have
also been important in developing municipal capacity.!”
Evidence suggests, however, that these have been more
important in developing the capacity of those municipalities
that are already leading responses to climate change.
Individual political champions and organizations, using
climate change as a means and window of opportunity for
fostering organizational reputation, have been equally funda-
mental in shaping action. Yet, if authorities lack the financial
and technological resources to execute programmes, the
power of leadership and of these networks to affect change
can be limited.

Of no lesser relevance as determinants of mitigation
responses are the availability of financial resources, of
technical expertise, as well as the weight of such structural
and enduring factors as the material infrastructure and
cultural practices of a city. For instance, the mitigation
challenges in the transportation sector will be strongly deter-
mined by the urban form of a city, with high-density areas
offering compatibility with options to develop metros, trams
and other high-efficiency modes of public transportation,
while sprawling low-density areas are more compatible with
systems of buses and minibuses to cover commuting needs.
Options to reduce emissions are constrained by the fact that
investments in power plants, industrial facilities and other
components of the urban environment have long lifetimes.
As for financial resources, given the many competing
demands in urban areas, local authorities lacking the money



to provide even basic services for their constituents are
unlikely to invest in the mitigation of climate change.
Furthermore, the international financial resources available
for mitigation (and adaptation) activities under the UNFCCC
and the Kyoto Protocol (see Boxes 2.2 and 2.3) are quite
simply not sufficient to meet the requirements, particularly
of developing countries. As discussed in Chapter 6, this is
particularly the case in cities, as very limited resources have
so far been made available for initiatives in urban areas.

It is likely that GHG emissions will continue to
increase until 2030 even if effective actions are taken now to
stabilize emissions around the end of the century, and
despite current commitments within the Kyoto Protocol. '8
Thus, adverse impacts of projected climate change and
variability are inevitable, and urban centres will be particu-
larly at risk. Regardless of the scale of mitigation undertaken
over the next two to three decades, adaptation action will be
necessary, which will be another challenging and fundamen-
tal dimension of the urgent response to climate change.

The responsibilities of local authorities with regard to
the built environment, infrastructure and services that have
relevance for adaptation include:

¢ urban planning and regulatory instruments designed to
influence land availability and to authorize and oversee
hazardous activities that can produce disasters;

* provision and pricing of various public services, infra-
structure and resources; and

* enabling, proactively facilitating and coordinating
actions to manage hazards through partnerships with
the private sector, the academic sector, non-governmen-
tal and grassroots actors (e.g. households and
communities) to reduce risk.

Each urban centre may use these areas of responsibility to
design adaptation actions. However, the particularities —
often determined by the national contexts of these urban
centres — will dictate which of these measures will be most
effective.

As with mitigation, adaptation is already taking place,
at least on a small scale, and the world is witnessing the
beginnings of city-based adaptation strategies in some urban
centres. As yet, however, too few cities have developed
coherent adaptation strategies. Furthermore, in contrast to
such sectors as agriculture or forestry, there is relatively
much less explicit city-wide attention to urban adaptation. In
fact, most of the literature on climate change adaptation in
cities is on what should be done, not on what is being done,
the main reason being that too little is actually being done.
The relatively lower emphasis on adaptation, and particularly
on urban adaptation, is partly a result of the existing struc-
ture of incentives under the Climate Convention. For
instance, funding is available'® for mitigation activities such
as landfill gas capture and for electricity generation, for
transportation or carbon capture from reforestation and
conservation of forests. However, while very little (only 8.4
per cent of the CDM projects are urban) is readily available
for urban mitigation projects, practically nothing is allocated
to adaptation efforts at the city level.20
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Among urban areas, this relatively low interest in
adaptation can also be related to the fact — clearly illustrated
by Durban (South Africa) — that getting more widespread
attention by city and municipal governments to climate
change adaptation requires clear and detailed risk assess-
ments (knowledge). It also requires a better understanding
of how adaptation measures can serve and be integrated not
only within disaster risk reduction, but also within such
components of the development agenda as land-use
planning, as well as access to water, sanitation and housing.
It also depends on diverse institutional factors, in addition to
leadership and local authorities’ willingness to act. For
example, effective adaptation actions can depend on
whether authorities have the autonomy, resources and
decision-making power to design and implement actions on
the built environment, infrastructure and services that have
relevance for adaptation; and whether and how adaptation
options and challenges are related to such development
issues as the need to protect the poor or to provide land and
shelter for them (such as Manizales, Colombia, and the
Homeless People’s Federation of the Philippines).?!

A fundamental challenge in this context relates not
only to whether adaptation is responding effectively to
potential climate change impacts in different sectors, but
also to social equity issues — that is, whose needs are served
(and whose are not) by adaptation responses, especially in
relation to income, gender and age. For instance, are the
adaptations aimed at protecting the wealthier groups and
districts; or those living in informal settlements; or women
and their particular risks and vulnerabilities; or the city’s
most economically important assets; or the city’s populations
most at risk? Decision-makers can be more effective and
legitimate if they include these groups — or at least their
genuine representatives — in the process of addressing these
questions.?2

It is not only the city authorities of some early
frontrunners that are responding to the adaptation
challenges of climate change. Households and communities
are already coping with climate-related hazards — for
example, by raising plinth levels, saving money and by partic-
ipating in community initiatives to clear blocked drainage
channels to respond to the impacts of flooding (see Chapter
6). However, these cannot be substitutes for serious govern-
ment investment and action to improve drainage and
sanitation, water supplies, roads and other hard infrastruc-
ture that is so crucial for risk reduction, or for a city-wide
provision of urban services, as well as warning and
emergency responses systems.

In the urban areas of many developing countries,
household, community and government adaptation
responses will need to happen in the context of adaptation
(or development) deficits. In many cities of developing
countries, at least a percentage of their populations lack
water, sanitation, health services, shelter, sound
emergency policies and other factors to adapt to the
current range of climate variability, let alone to any future
climate change impacts. It is impossible to adapt or climate-
proof infrastructure, services and emergency responses
that do not exist.23
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Another key challenge concerns the social impacts of
adaptation measures. Actions such as control of urban
growth in risk-prone areas and investment in storm and
surface drainage systems can increase the vulnerability of
some populations. If not carefully designed, they have the
potential to displace informal settlements — especially those
alongside existing drains and rivers. Furthermore, they can
constrain a population’s capacity to make their livelihoods;
they can shift risks from the populations of one district to
the inhabitants of another district; and they can shift risks to
future generations.

ADAPTATION AND
MITIGATION:
RELATIONSHIPS WITH
URBAN DEVELOPMENT
AND POLICY

Although a distinction between climate change adaptation
and mitigation is deeply set in climate change policy and
research, some cities tend to look at the world differently.
Early experience with both adaptation and mitigation
planning in developed country cities suggests that urban
leaders and stakeholders resist focusing on one and not the
other, and that they find it difficult to consider either
without considering sustainable development goals and
development pathways more generally at the same time.?* In
fact, the goal is sustainable development for their cities, and
climate change responses are either a means towards that
end or impediments to achieving that end. In this context,
attention needs to be given not only to the implications of
mitigation and adaptation for urban development, but also to
the synergies and trade-offs between actions addressing both
mitigation and adaptation and other dimensions of policy-
making. However, experiences from many cities in
developing countries contradict this, as their leaders and
stakeholders tend to consider developed countries the
culprit of climate change and, thus, responsible for mitiga-
tion. Such cities therefore tend to focus on adaptation
interventions.

Cities can respond to concerns about climate change
impacts in two ways: by contributing to mitigation or by
adapting to possible impacts — either of which can promote
urban development or impede it.

Climate change mitigation
and urban development

In the coming decades, urban authorities will — in many
cases and in many regions — find that the need for global,
national, regional and local climate change responses poses
significant concerns. The urgency and severity of this
challenge cannot be overstated. Recent analyses of potentials
for GHG emissions reduction and efficiency improvement,
given current global trends and potentials for known
technologies, make even relatively moderate goals such as

stabilization at 445 to 490 parts per million of CO,eq (in
order to keep average global warming no higher than 2°C)
virtually unachievable unless every major technological
option realizes the most optimistic hopes for it (including
affordable carbon capture and sequestration from coal).?> In
other words, the world seems headed towards climate
changes that are even more severe than the sobering
descriptions in Chapter 4. Meanwhile, at the Copenhagen
COP in December 2009, low-lying island states and other
vulnerable developing regions argued that any stabilization
level that means average warming above 2°C implies
unacceptable levels of impacts and must be avoided. Two
apparent crises lie ahead: a crisis of emerging impacts in
vulnerable cities as they become ever more urgent and a
crisis of global responses to growing pressures for mitigation
and adaptation, which are likely to be sources of great
controversy and, perhaps, forceful policy developments.

Globally, the mitigation challenge is to reduce GHG
emissions from buildings, industry, transportation, energy
production and land use, and to reduce or reverse deforesta-
tion. As stated earlier, emissions reduction focuses on
efficiency improvements in buildings, industry, transporta-
tion and energy production, and shifting energy production
and use from GHG-emitting fossil sources to alternatives
such as renewable energy, nuclear energy and ‘decar-
bonized’ energy from fossil sources.?®

It is important to note that mitigation policies can
represent opportunities for cities and their development
prospects. As exemplified through the experience with
ICLED’s International Local Government GHG Emissions
Analysis Protocol, in many cases, actions by cities to reduce
their GHG emissions from systems under the jurisdiction of
metropolitan governments actually save them money, such
as through increases in the efficiency of urban lighting
systems or in public transportation systems that reduce costs
to the city’s budget.?” Less directly, cities can partner with
their own private-sector operators of industrial and trans-
portation systems to seek reductions in GHG emissions from
private-sector sources, with city policies (such as taxation)
encouraging or discouraging such actions. Even less directly,
new energy facilities that help to reduce GHG emissions —
such as bioenergy and other renewable energy production
facilities — will need to be located somewhere, and cities can
seek to be their sites, creating jobs and tax revenues.

But global pressures to push the boundaries of climate
change mitigation are likely to be a challenge for urban
development as well. Two potential impacts are especially
important. First, if an urban area’s economy depends, even
in part, on fossil energy production, it is likely to be
adversely affected by any move away from fossil energy.
There are many examples of cities whose economies are
built, in part, on coal, oil or natural gas production, such as
in Nigeria, Angola, China and India.

A second impact is that energy costs and prices are
likely to increase in most parts of the world as energy
systems shift from relatively low-cost fossil energy sources to
somewhat more expensive alternative energy systems.
Because affordable energy is vitally important as a driver of
the development engines of many cities, this could become a



challenge for sustainable development — especially in cities
whose development paths are likely to be especially energy
intensive. In most cases in developing regions, paths for
socio-economic and technological development imply
increases in GHG emissions, not reductions in emissions,
including both emissions from the cities themselves and
emissions from systems that meet urban needs, such as
electric power plants located elsewhere.

However, local authorities often play broader roles, as
well, in shaping the development choices of their urban
areas, their larger regions and their countries, and these
roles have implications for climate change mitigation more
broadly than within their own boundaries alone. They are
the focus of driving forces for climate change responses,
including financial resources, information and communica-
tion systems and media, and both technological and policy
innovation. Where public decision-making is based on
democratic processes, local authorities can dominate ‘one-
person/one-vote’ political contests and thus influence
national voting patterns.

There are both synergies and trade-offs between
actions addressing the mitigation challenge and other policy
dimensions (such as industrial development, energy, health
and air pollution).?8 As illustrated by Mexico City, Denver
(US) and many Chinese cities, climate change mitigation is
more an outcome of efforts driven by economic, security and
local environmental concerns, or simply by the need to be at
the forefront of initiatives among a peer group of city
leaders, rather than being a strategic priority.2? It is there-
fore necessary to take advantage of existing synergies
between climate protection and other development priori-
ties. For instance, strong synergies exist in the
transportation sector between climate change and energy
supply and security. Measures replacing oil with domestic
biofuels can reduce both emissions and reliance on oil
imports (such as in Brazil). A more decentralized electricity
system based on new renewable generation may reduce gas
imports.

A key question is whether cities have the potential to
tap into options such as carbon markets opened by the Kyoto
Protocol.3? For example, could the construction or building
materials industries receive financing from the CDM or
similar mechanisms for producing cement (or other materi-
als) which incorporates carbon capture and storage? Such
carbon credit trading could, potentially, be a way to subsidize
the construction of adequate housing for low-income groups
in developing countries. This and other options could open a
completely new discussion dealing with synergies between
GHG emission control and poverty reduction.

Policies addressing other environmental and social
problems, such as air pollution or provision of shelter to the
poor, can often be adapted at low or no cost in order to
reduce GHG emissions and improve the health of the
population simultaneously, especially in developing
countries. The burning of fossil fuels is linked to both
climate change and air pollution. Thus, reductions in the
amount of fuel combusted will result in both lower GHG
emissions and lower health and environmental impacts from
reduced emissions of air pollutants. Aware of these co-
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benefits, organizations such as the World Health
Organization and the US Environmental Protection Agency
have applied, at the urban and national levels, environmental
assessments of the co-benefits of addressing both air pollu-
tion and other issues (such as economic costs and energy).
This has helped to introduce policies that address local pollu-
tion and GHG emissions together.3! However, attention
needs to be given not only to the synergies, but also to the
conflicts between these policy domains. For instance,
increases in the energy efficiency of vehicles can result in
increased atmospheric emissions, and thus in negative
health impacts, if vehicle travel distances increase or drivers
switch to vehicles with larger engines (the ‘rebound
effect’).%?

This means that trade-offs may exist between mitiga-
tion and other policy domains. For instance, security
arguments may impel countries to increase their depend-
ence on internal reserves of coal rather than relying on
natural gas imports.33 Use of biofuels that are dependent on
crops such as corn has been linked to food shortages and
cost increases as farmers switch food-producing croplands to
more profitable biofuel crop cultivation. This may also be an
unintended effect of government subsidies aimed at increas-
ing production of biofuels, but making the growing of food
crops less profitable.

Climate change adaptation
and urban development

Adaptation-related issues for urban development across the
world include two dimensions: first, the implications of
climate change impacts for urban development projects that
are likely to call for adaptations; and, second, the relation-
ships between adaptation action to reduce the impacts of
climate change, on the one hand, and urban development,
on the other.

Climate change poses particularly severe threats for
urban development in those areas that are most vulnerable
to climate change impacts.3* For example, many cities are
located in coastal areas and river valleys, as well as areas
where the economic base is rooted in climate-sensitive
sectors, such as agriculture, forestry or tourism, and areas
where these regional climate-related activities face increased
competition with population and economic growth. If
climate change is relatively severe in local contexts rather
than moderate, some cities will find that incremental adapta-
tions that protect current activities and ways of life may no
longer be adequate.

A current example of what future climate change
could mean for urban development can be found in the polar
regions of the world, where temperature increases (and
emerging sea-level rise) are not only affecting urban infra-
structure as the permafrost melts, but are irreversibly
destroying polar ecosystems and indigenous ways of life that
are closely linked to them.*® In these and similar cases,
adaptations that are ‘transformational may be required’, such
as changes in land uses and movement of investment away
from vulnerable areas, or shifts in directions of urban devel-
opment to different economic sectors or land uses. Climate
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change impacts are therefore a critically important challenge
for urban development, and if climate change is severe
(rather than moderate), the number of cities at risk will be
multiplied many times over.

Experience suggests that, given human resources and
access to knowledge, urban dwellers often have impressive
capabilities to adapt in ways that are good for their develop-
ment, even with limited financial resources. For example,
low-income residents of Lagos (Nigeria), Dhaka (Bangladesh)
and Dar es Salaam (Tanzania) already cope with a range of
climate-related challenges, especially seasonal flooding,3
This is particularly evident where effective grassroots organi-
zations are active. This is not to say that decisive action is not
needed at all levels; but it is important to note the many
actions are already being undertaken by households and
communities — frequently in the absence of actions by local
government and other stakeholders.

One of the most fundamental challenges in relating
climate change adaptation with urban development in many
regions, however, is a limited capacity to identify vulnerabili-
ties and adaptation pathways, along with a limited capacity to
make adaptation happen. Many small- and medium-sized
cities, especially in sub-Saharan Africa, South Asia and
Central America, currently show low levels of capacity to
adapt to the current range of climate variability, let alone any
future climate change impacts. Problems in many such cities
include a lack of provision for infrastructure (including all-
weather roads, piped water supplies, sewers, drains,
electricity, etc.), urban social services (such as health and
education) and institutional capacity.

Yet, many cities have shown an ability to adapt to local
climate conditions, whether related to climate change or
not; and where climate change adaptation is being consid-
ered seriously (in urban areas from Bangkok, Thailand, to
Melbourne, Australia), in nearly every case adaptation
options are being identified that are relatively low cost and
have broad constituency support.3” Some developing
country cities have moved beyond option identification to
adaptation planning (such as Durban and Cape Town, South
Africa).®8 Furthermore, most of the adaptation options offer
considerable co-benefits — that is, benefits for urban devel-
opment and/or environmental stress reduction in the near
term, as well as added resilience to impacts of climate
change in the longer term, which is often critically important
in sustaining attention to adaptation while impacts are
gradually emerging.

There are positive examples of cities, such as in
Manizales (Colombia) and Ilo (Peru), that are taking steps to
promote development and reduce vulnerability at the same
time. These cities have implemented actions to prevent
rapidly growing low-income populations from settling on
dangerous sites. Although these actions have not been
driven by climate change concerns, they illustrate how pro-
development and pro-poor policies can enhance adaptive
capacity. Conflicts and trade-offs between development
policies and adaptation are also possible, as in the develop-
ment of infrastructure whose design and construction have
the potential to displace informal settlements.>

Mitigation and adaptation: Seeking synergies
rather than conflicts

[t is now known that neither mitigation nor adaptation alone
can protect the world from the undesirable impacts of
climate change. Both must be a part of the global response.
Mitigation is essential in order to keep climate change
impacts as low as possible; but some impacts can no longer
be avoided. This is so because progress is slow on interna-
tional agreements to implement mitigation, and strategies
for GHG emission stabilization in major developing countries
are unclear at best. Adaptation is, therefore, essential
because some impacts will not be avoided. It is clear that
costs will be a constraint for some locations and populations,
and adaptation will be limited in its ability to reduce costs
from abrupt events, at least in the short run. And, as noted
above, some of the impacts are beyond the scope of adapta-
tion: the so-called ‘residual damage’. While allocating
resources for mitigation and adaptation, it is essential to find
solutions for the populations and industries that may be
displaced by the impacts of climate change.

Meanwhile, early initiatives with either climate
change mitigation or adaptation planning suggest that some
urban local authorities and stakeholders are unwilling to
discuss mitigation or adaptation options separately, without
placing these discussions in the context of where the city
and its citizens want to go in the longer run.* Cities are one
of the most important of all the world’s settings for integrat-
ing actions to reduce vulnerabilities and mitigation
responses as they relate to broader social and economic
objectives, such as job creation, improvements in the quality
of life, and access to health and water services. The fact that
climate change response planning often catalyses these
discussions within communities is one of its most important
co-benefits.

A major problem is that mitigation and adaptation
options often differ in important ways. For instance, they
tend to differ as to when benefits are realized (mitigation
benefits lag in time, while adaptation benefits may be nearer
term), where benefits are realized (mitigation is global while
adaptation benefits are more localized) and what sectors are
the focus of action (mitigation focused on GHG emitters or
sinks, and adaptation focused on activities, infrastructure
and population segments sensitive to impacts). Furthermore,
it is also important to note that mitigation actions are urgent.
If no action is taken within the next ten years or so, the
impacts will exponentially increase. This is less the case with
adaptation action, which can be phased in time and which
will be a continuous process for many decades to come.
These differences substantially complicate attempts by
urban areas (or by the countries and regions whose policies
affect them) to develop integrated climate change response
strategies.

Pathways to mitigation and adaptation can be
mutually exclusive and competitive alternatives — such as
development investments in alternative energies which do
not enhance resilience in vulnerable areas versus policies to
move development activities away from vulnerable areas;”!
but they may also be complementary and reinforce each



other. A simple example of this would be building insulation,
which can reduce the need for burning fossil fuels while
enabling adaptation to increased temperatures projected
with climate change. An important general guideline is that
mitigation and adaptation options which offer synergies and
complementary pathways should be given special attention.
For example, mitigation options that reduce net GHG
emissions — such as tree-planting and other biomass sink
preservation and/or restoration, along with regional or local
renewable energy development — can be complementary
parts of an overall mitigation strategy. However, this synergy
can be taken one step further with the addition of adaptation
benefits. Tree-planting or forest preservation, for instance,
can also be an important part of an urban adaptation strategy
to prevent heat-island effects, thereby preventing an array of
cascading negative effects such as heat-related morbidities,
mudslides and coral sedimentation, etc.

In many cases in urban areas, the focus is on invest-
ment in major infrastructure that lasts for a number of
decades: transportation systems; commercial, residential and
government buildings; and industrial development. These
investments can profoundly shape both urban mitigation and
adaptation not only in the short term, but for as long as half a
century or more.

Currently, and with some notable exceptions, most
urban initiatives that might be associated with mitigation or
adaptation are fragmented, and historically much of the
policy attention has been focused mainly on mitigation, with
little or no consideration of adaptation. In many cases, the
focus is not on climate concerns but on energy security and
other development priorities related to economic growth.*?
Even where existing initiatives explicitly address mitigation,
they often focus only on one aspect of the whole issue (such
as energy efficiency, or even, more narrowly, energy
efficiency in metropolitan public-sector functions).*

Only a handful of city-wide initiatives — such as in
London (UK), Durban (South Africa) and New York (US) -
are beginning to grasp the need to address at least some of
the complex linkages between mitigation, adaptation and
development, and thus have launched mitigation and adapta-
tion programmes. For instance, to increase the uptake of
decentralized energy technologies in London, developments
over a certain size are required to meet 20 per cent of their
projected energy needs through onsite low-carbon or renew-
able energy generation,** thus promoting new economic
activities and the creation of green jobs. Furthermore,
national and local authorities have already identified adapta-
tion responses to three key climate risks — floods, drought
and overheating — thus opening alternatives to avoid damage
to infrastructure, increased mortality among the aged and
other impacts that might constrain the livelihoods of some
populations. This means that climate change responses are
getting the necessary ingredients to move towards more
integrative approaches.*> However, even these exemplary
cases illustrate the challenges of responding to climate
change.

Conclusion and Policy Directions

FUTURE POLICY
DIRECTIONS

This section explores future policy directions for achieving
climate-resilient cities, reflecting on both recent policy
developments and more general long-term policy needs. In
the face of climate change, policy decisions and actions
are not just the responsibility of a city, or of its country
or region, or of the international community more broadly —
or even of governments alone at any of these levels.
Urban development will be shaped by the policies of all
levels of government, of private-sector organizations, of
non-governmental issue-oriented institutions, of research
communities,*® and of representatives of local communities
and civil society organizations. The challenge, and it is an
immense one, is to knit together a global response to urban
needs and potentials in which a wide variety of partners each
contribute what they do best — for instance, combining the
resources available at large scales with the innovativeness
and knowledge of local realities available at local scales.

From this perspective, this section outlines some
principles for policy development at all levels and discusses
what policies should be considered at the international,
national and local levels and, more briefly, by non-govern-
mental partners, to strengthen planning and decision-making
in urban areas in response to global climate change.

Principles for policy development

Several principles are fundamental to an integrated multi-
partner approach:

*  No single mitigation or adaptation policy is equally well
suited to all cities. Reflecting a common saying that ‘one
size does not fit all’, cities are so diverse in terms of the
set of societal and environmental drivers of their GHG
emissions, their governance structures, their vulnerabil-
ities, adaptive capacities and development aims that
policy approaches should recognize and be sensitive to
the diversity of urban areas worldwide.

o The appropriate approach is not to try to precisely
project future climate change and socio-economic
conditions, which is burdened by far too many uncer-
tainties to encourage decision-making, but to take an
opportunity/risk management approach in a sustainable
development perspective: considering not only
emissions but also risks that are present in a range of
possible climate and socio-economic futures.

*  Policies should emphasize, encourage and reward
‘synergies’ and ‘co-benefits’ (i.e. what policies can do to
achieve multiple objectives related to both development
and climate change response goals).

e (Climate change policies should address both near-term
and longer-term issues and needs. Near-term perspec-
tives are likely to focus on relatively straightforward ‘no
regrets’ decisions with, first, few or no net costs, offer-
ing substantial co-benefits for urban development (such
as increasing resilience to climate variability; reducing
chronic environmental stresses, such as poor drainage;
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or addressing critical current needs of especially vulner-
able populations who will only get worse with climate
change); and, second, with broad stakeholder support
and representation, not only of the better off, but also
of populations more at risk from climate change (the
poor, women, children, the elderly, the disabled, ethnic
and other minorities, etc.). Longer-term perspectives
need to consider risk management for more substantial
mitigation pressures and adapting to more significant
impacts, focused on contingency planning for a range of
possible climate/development futures, monitoring
emerging climate and policy conditions, and reassessing
risks periodically.

* Policies need to recognize that institutional roles and
potentials differ between scales and sectors of action. In
recent history, too often well-intentioned initiatives
developed at large scales and implemented top down
have discouraged local action by imposing daunting
bureaucratic requirements as a condition for access to
available resources.*” Meanwhile, initiatives developed
and implemented at small scales and implemented
bottom up (such as community-based adaptation) often
lack financial and other resources to undertake the
necessary investments in urban infrastructure and
services, may lack valuable information, and may lead to
actions that have adverse consequences for other locali-
ties. The challenge is to design new approaches that
support multi-scale, multi-sector action, rooted in new
Kinds of mutual sensitivities, in order to realize the
differing and often complementary potentials of a wide
range of partners (Chapter 6).48

International policies

International public-sector policies related to urban
responses to climate change should be supportive and
enabling without being directive or constraining (see also
Box 7.1):

Box 7.1 Key principles for urban climate change policy

development: The international community

There are three main areas in which the international community can support and enable more

effective urban mitigation and adaptation responses:

| Financial resources need to be made more directly available to local players — for example,
for climate change adaptation in vulnerable cities, investment in a portfolio of alternative
energy options,and investment resources for mitigation partnerships between local
governments and local private-sector systems.

2 Bureaucratic burdens on local access to international support should be eased. The inter-

national community can help to create direct communication and accountability channels
between local actors and international donors through intermediary organizations that can
help disperse resources and monitor performance.

3 Information of climate change science and options for mitigation and adaptation responses
should be more widely available. The Intergovernmental Panel on Climate Change (IPCC),
the United Nations and other international organizations need to widen the spectrum of

available knowledge on observed and future climate change impacts upon urban centres;

on mitigation and adaptation alternatives available for urban responses; and on the costs,

benefits, potentials and limits of these options.

*  Resources. The international community has access to
vitally important financial resources that can be
provided to support many vulnerable cities that need
additional resources to respond to climate change. For
example, international policies should include much
more significant financial support for climate change
adaptation in vulnerable cities, for investment in a
portfolio of alternative energy options, and to support
mitigation partnerships between local governments and
local private-sector actors. In particular, it is essential
that action is taken to facilitate the use of the
Adaptation Fund and the CDM for initiatives in urban
areas.

* Information and options. The IPCC is already helping
cities and influencing development pathways by provid-
ing information about climate change science and
response options, alerting local leaders (and the people
to whom they listen) to emerging issues and resolving
some disputes about scientific facts. International
policies should continue these roles, with increased
attention both to widening the spectrum of mitigation
and adaptation alternatives available for urban
responses, and to improving information about the
costs, benefits, potentials and limits of the options. A
similar role has been played by the Clinton Climate
[nitiative and ICLEI (see Box 2.7), which have been
prominent in the exchange of ideas, best practices and
experiences, at least for urban areas that are already at
the forefront of climate change responses.

*  Reduced bureaucratic burdens. International policies
should do a better job of balancing legitimate concerns
about accountability (such as establishing ‘additionality’
through detailed quantitative analysis) with a need to
make access to support much easier, simpler and less
bound up in expensive analysis. Options might include a
wider use of third-party intermediary (‘boundary’)
organizations to disperse resources and monitor
performance. Likewise, streamlined approaches for
approving investments in certain types of projects that,
time and again, have been shown to yield climate
change-related benefits should be developed and
approved (e.g. through the CDM). Likewise, in order to
ease access to carbon finance for cities in developing
countries, the CDM Executive Board should approve
the new city-wide programme of activities methodology
that was recently submitted for their consideration.*’

National policies

As illustrated by some countries — such as the UK, Germany,
Norway, Brazil and the Republic of Korea — the mitigation
responses of national governments can go beyond the
endorsement of international climate conventions and
accords. Driven by reasons as diverse as energy security and
an actual concern for the implications of climate change,
they may engage in the design and implementation of
national mitigation strategies and adaptation planning.
However, from the perspective of urban areas, national
governments generally assist development by determining



sets of policy and market conditions and rules that shape
decentralized activities — incentives, limits and expectations
for the future — and by helping to coordinate responses that
involve a wide range of individual partners. They also play
essential roles in looking beyond current conditions and
priorities, both for countries as a whole and cities in particu-
lar, towards longer-term changes in conditions and the
possible need for changes in rules that define development
pathways and risk management ‘playing fields’ (see also Box
7.2):

*  FEnabling framework. National (and local) governments
should facilitate the climate change mitigation and
adaptation interventions of all stakeholders. The
example of the Philippines (see Box 6.3) illustrates how
governments, through the provision of an enabling
framework, can enhance the effectiveness of interven-
tions of other actors, particularly people living in
poverty.

* Incentives. Some countries already offer incentives for
climate change mitigation actions, while many
countries, in effect, discourage mitigation and adapta-
tion actions through policies enacted with other issues
in mind — or during earlier periods before climate
change became a reality. Countries can promote urban
area initiatives related to climate change mitigation or
adaptation by removing ‘maladaptations’ that are
counterproductive and by providing incentives such as
favourable tax treatment, eligibility for federal funding
support and high-visibility public recognition.

*  Coordination. As cities, sectors, regions and other
parties act to support mitigation and adaptation, these
dispersed activities need coordination in order to
ensure that they are mutually reinforcing rather than
causing problems in other contexts. For example, a
decision to convert a natural forest area to a bioenergy
plantation can contribute to mitigation by reducing the
need for fossil fuels, but it can threaten biodiversity
protection. A decision by one city to protect coastal
areas with barriers can have impacts upon wetland
ecologies that are important to the economic base of
other cities inland. Countries should make it standard
policy to ensure information-sharing about localized
plans and to provide mechanisms to resolve conflicts as
they arise.

*  Risk-sharing. Countries can contribute to mitigation and
adaptation by cities in two ways related to risk-sharing,
On the adaptation side, a frequent concern is with
climate change threats that have high probabilities of
occurring at a national level but low probabilities for any
single city, such as extreme weather events. Here,
countries can work together with private, non-
governmental (such as slum federations) and public
providers of insurance and reinsurance to offer protec-
tion to each city without requiring each to make a
sizeable investment in order to reduce risks from a
particular kind of low-probability threat. On the mitiga-
tion side, some possible actions involve technologies
that are so innovative that their economic value has not

Conclusion and Policy Directions

Box 7.2 Key principles for urban climate change policy
development: National governments

yet been fully established. Here, countries can encour-
age innovation through such policies as offering partial
loan guarantees in case the technology does not
perform as well as hoped.

o Assistance where transformational adaptations are
required. Countries should help their cities in looking
ahead to the possibilities of much more substantial
climate change impacts and adaptation needs in the
longer term than those that are currently anticipated in
the next decades. An example might be a city located in
a vulnerable coastal area subject to threats from more
severe storms and sea-level rise over the next half
century, where in the longer run, moving some popula-
tions and economic activities away from the most
vulnerable areas might need to be considered. As
indicated earlier in this chapter, policies should support
contingency planning, monitoring of emerging condi-
tions and the development of response alternatives.

City policies

Urban areas are the main loci of action, rooted in local devel-
opment aspirations and preferences, local knowledge of
needs and options, local awareness of realities that shape
choices, and local potentials for innovation. One of the major
challenges for policies in most urban areas, however, is to
broaden the discourse about policy directions beyond
conventional structures of political power and government
action, and to engage their communities much more inclu-
sively (see Chapter 5). With this challenge in mind, urban
policies should (see also Box 7.3):
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Box 7.3 Key principles for urban climate change policy
development: Local authorities

Box 7.4 Key principles for urban climate change policy

development: Other partners

*  Develop a vision of the future. A city is not in a position
to evaluate how climate change responses relate to its
urban development unless it has a vision of where it
wants that development to go. This requires not only
the development of possible scenarios of future
economic, demographic and land-use futures, along
with resource requirements, but also richer ‘narratives’
of a set of futures that help to explain why they are
desirable from the city’s perspective.

*  Expand the scope of community participation and action.
In connection with developing its vision, a city needs to
become a community of communities — reaching
beyond formal governmental structures to the private
sector, neighbourhoods and grassroots groups, as well
as opinion leaders of all kinds in order to ensure a
broad-based collection of perspectives is gathered. This
is crucial for ensuring knowledge, innovation and broad-
based support for a city’s response strategy (see
Chapter 06).

*  Conduct participatory risk assessments and turn the
assessments into action plans. Using inclusive participa-
tory processes, in which both women and men, as well
as all socio-economic and age groups are represented,
supplemented by scientific knowledge, cities should
assess risks to their urban development plans and objec-
tives, identify ways to reduce those risks through
actions in the near term that offer development co-
benefits, develop a plan of action to take high-priority
actions, and consider longer-term risks that may require
larger-scale planning and strategy development (see
Chapter 06).

*  Pay particular attention to the importance of investment
in major infrastructure. Major infrastructure casts long
shadows through time for both mitigation and adapta-
tion. Particularly important is investment in small- and
medium-sized urban centres, including in large residen-
tial and commercial developments, government
structures, industrial structures, transportation
systems, energy facilities, and other facilities such as
water supply and waste disposal systems. The time to
consider mitigation and adaptation is when these types
of infrastructure are being designed, when the cost of
climate-sensitive features is almost always smaller than
after the infrastructure is in place. An example of a
policy option in vulnerable coastal or riverine cities
would be a building code for new infrastructure devel-
opments that requires them to be able to withstand
significant future flooding.

Policies of other partners in a global
policy response

Governments do not, in isolation, determine appropriate
responses to climate change in development contexts. The
private sector and NGOs are critically important partners.
Other organizations may be important in some urban areas
as well, such as community and/or faith-based organizations
(see also Box 7.4):



*  The private sector. Positive connections between climate
change responses and urban development will only
become mainstreamed when they become part of
normal day-to-day decision-making in local markets and
local economic institutions. Ranging from activities of
large multinational corporations to local informal indus-
tries, the private sector must be included in urban,
national and global policy-making on climate-related
issues. For localities, this starts with including the
private sector in discussions of urban needs and alterna-
tives; encouraging private-sector organizations to
conduct their own climate change risk assessments;
looking for roles that they can play better than the
public sector (such as stockpiling and providing
emergency supplies); and encouraging innovative think-
ing about how private-sector business strategies can
find opportunities in helping cities strengthen their
commitments to climate change mitigation and adapta-
tion.

*  Non-governmental organizations. NGOs range from
international environmental groups that provide infor-
mation, technical assistance and policy advocacy;
philanthropic foundations that take the lead in develop-
ing urban climate change response initiatives when
governments and the private sector prove unwilling to
move ahead quickly enough; and local community
organizations, formal and informal, that play major roles
in emergency response situations in cities — and are
stepping forward to represent the interests and
concerns of especially vulnerable populations in many
cities. Here, the policy challenge is to incorporate these
roles within integrated urban development planning
rather than hold them outside these structures and
interactions.

Conclusion and Policy Directions

CONCLUDING REMARKS

In summary, policy directions for linking climate change
responses with urban development offer abundant opportu-
nities; but they call for new philosophies about how to think
about the future and how to connect different roles of differ-
ent levels of government and different parts of the urban
community. In many cases, this implies changes in how
urban areas operate — fostering closer coordination between
local governments and local economic institutions, and
building new connections between central power structures
and parts of the population who have often been kept
outside of the circle of consultation and discourse.

The difficulties involved in changing deeply set
patterns of interaction and decision-making in urban areas
should not be underestimated. Because it is so difficult,
successful experiences need to be identified, described and
widely publicized as models for others. However, where this
challenge is met, it is likely not only to increase opportuni-
ties and reduce threats to urban development in profoundly
important ways, but to make the urban area a more effective
socio-political entity, in general — a better city in how it
works day to day and how it solves a myriad of problems as
they emerge — far beyond climate change connections alone.

It is in this sense that climate change responses can
be catalysts for socially inclusive, economically productive
and environmentally friendly urban development, helping to
pioneer new patterns of stakeholder communication and
participation. >
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TECHNICAL NOTES

The Statistical Annex comprises 16 tables covering such
broad statistical categories as demography, housing,
economic and social indicators. The Annex is divided into
three sections presenting data at the regional, country and
city levels. Tables A.1 to A.4 present regional-level data
grouped by selected criteria of economic and development
achievements, as well as geographic distribution. Tables B.1
to B.8 contain country-level data and Tables C.1 to C.3 are
devoted to city-level data. Data have been compiled from
various international sources, from national statistical offices
and from the United Nations.

EXPLANATION OF SYMBOLS

The following symbols have been used in presenting data
throughout the Statistical Annex:

category not applicable ..
data not available
magnitude zero -

COUNTRY GROUPINGS AND
STATISTICAL AGGREGATES

World major groupings

More developed regions: All countries and areas of Europe
and Northern America, as well as Australia, Japan and New
Zealand.

Less developed regions: All countries and areas of Africa,
Latin America, Asia (excluding Japan) and Oceania (exclud-
ing Australia and New Zealand).

Least developed countries: Afghanistan, Angola,
Bangladesh, Benin, Bhutan, Burkina Faso, Burundj,
Cambodia, Central African Republic, Chad, Comoros,
Democratic Republic of the Congo, Djibouti, Equatorial
Guinea, Eritrea, Ethiopia, Gambia, Guinea, Guinea-Bissau,
Haiti, Kiribati, Lao People’s Democratic Republic, Lesotho,
Liberia, Madagascar, Malawi, Maldives, Mali, Mauritania,
Mozambique, Myanmar, Nepal, Niger, Rwanda, Samoa, Sao

Tomé and Principe, Senegal, Sierra Leone, Solomon Islands,
Somalia, Sudan, Timor-Leste, Togo, Tuvalu, Uganda, United
Republic of Tanzania, Vanuatu, Yemen, Zambia.

Small Island Developing States:! American Samoa,
Anguilla, Antigua and Barbuda, Aruba, Bahamas, Bahrain,
Barbados, Belize, British Virgin Islands, Cape Verde,
Comoros, Cook Islands, Cuba, Dominica, Dominican
Republic, Fiji, French Polynesia, Grenada, Guam, Guinea-
Bissau, Guyana, Haiti, Jamaica, Kiribati, Maldives, Marshall
[slands, Mauritius, Micronesia (Federated States of),
Montserrat, Nauru, Netherlands Antilles, New Caledonia,
Niue, Northern Mariana Islands, Palau, Papua New Guinea,
Puerto Rico, Saint Kitts and Nevis, Saint Lucia, Saint Vincent
and the Grenadines, Samoa, Sao Tomé and Principe,
Seychelles, Solomon Islands, Suriname, Timor-Leste, Tonga,
Trinidad and Tobago, Tuvalu, United States Virgin Islands,
Vanuatu.

Sub-Saharan Africa: Angola, Benin, Botswana, Burkina
Faso, Burundi, Cameroon, Cape Verde, Central African
Republic, Chad, Comoros, Congo, Cote d'Ivoire, Democratic
Republic of the Congo, Djibouti, Egypt, Equatorial Guinea,
Eritrea, Ethiopia, Gabon, Gambia, Ghana, Guinea, Guinea-
Bissau, Kenya, Lesotho, Liberia, Madagascar, Malawi, Mali,
Mauritania, Mauritius, Mayotte, Morocco, Mozambique,
Namibia, Niger, Nigeria, Réunion, Rwanda, Saint Helena, Sao
Tomé and Principe, Senegal, Seychelles, Sierra Leone,
Somalia, South Africa, Sudan, Swaziland, Togo, Uganda,
United Republic of Tanzania, Zambia, Zimbabwe.

Countries in the Human Development Index
aggregates’

Very high human development: Andorra, Australia,
Austria, Bahrain, Barbados, Belgium, Brunei Darussalam,
Canada, Cyprus, Czech Republic, Denmark, Estonia, Finland,
France, Germany, Greece, Hong Kong SAR of China,
Hungary, Iceland, Ireland, Israel, Italy, Japan, Liechtenstein,
Luxembourg, Malta, Netherlands, New Zealand, Norway,
Poland, Portugal, Qatar, Republic of Korea, Singapore,
Slovakia, Slovenia, Spain, Sweden, Switzerland, United Arab
Emirates, United Kingdom, United States of America.
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High human development: Albania, Algeria, Argentina,
Armenia, Azerbaijan, Bahamas, Belarus, Belize, Bosnia and
Herzegovina, Brazil, Bulgaria, Chile, Colombia, Costa Rica,
Croatia, Ecuador, Georgia, Iran (Islamic Republic of),
Jamaica, Jordan, Kazakhstan, Kuwait, Latvia, Libyan Arab
Jamahiriya, Lithuania, Malaysia, Mauritius, Mexico,
Montenegro, Panama, Peru, Romania, Russian Federation,
Saudi Arabia, Serbia, The former Yugoslav Republic of
Macedonia, Tonga, Trinidad and Tobago, Tunisia, Turkey,
Ukraine, Uruguay, Venezuela (Bolivarian Republic of).

Medium human development: Bolivia, Botswana,
Cambodia, Cape Verde, China, Congo, Dominican Republic,
Egypt, El Salvador, Equatorial Guinea, Fiji, Gabon,
Guatemala, Guyana, Honduras, India, Indonesia, Kyrgyzstan,
Lao People’s Democratic Republic, Maldives, Micronesia
(Federated States of), Moldova, Mongolia, Morocco,
Namibia, Nicaragua, Pakistan, Paraguay, Philippines, Sao
Tomé and Principe, Solomon Islands, South Africa, Sri Lanka,
Suriname, Swaziland, Syrian Arab Republic, Tajikistan,
Thailand, Timor-Leste, Turkmenistan, Uzbekistan, Viet Nam.

Low human development: Afghanistan, Angola,
Bangladesh, Benin, Burkina Faso, Burundi, Cameroon,
Central African Republic, Chad, Comoros, Cote d’Ivoire,
Democratic Republic of the Congo, Djibouti, Ethiopia,
Gambia, Ghana, Guinea, Guinea-Bissau, Haiti, Kenya,
Lesotho, Liberia, Madagascar, Malawi, Mali, Mauritania,
Mozambique, Myanmar, Nepal, Niger, Nigeria, Papua New
Guinea, Rwanda, Senegal, Sierra Leone, Sudan, Togo,
Uganda, United Republic of Tanzania, Yemen, Zambia,
Zimbabwe.

Countries in the income aggregates’

The World Bank classifies all member economies and all
other economies with populations of more than 30,000. In
the World Development Report 2011, economies are divided
among income groups according to 2009 GNI per capita,
calculated using the World Bank Atlas method. The groups
are:

High income: Andorra, Aruba, Australia, Austria, Bahamas,
Bahrain, Barbados, Belgium, Bermuda, Brunei Darussalam,
Canada, Cayman Islands, Channel Islands, Croatia, Cyprus,
Czech Republic, Denmark, Equatorial Guinea, Estonia,
Faeroe Islands, Finland, France, French Polynesia, Germany,
Gibraltar, Greece, Greenland, Guam, Hong Kong SAR of
China, Hungary, Iceland, Ireland, Isle of Man, Israel, Italy,
Japan, Kuwait, Latvia, Liechtenstein, Luxembourg, Macao
SAR of China, Malta, Monaco, Netherlands Antilles,
Netherlands, New Caledonia, New Zealand, Northern
Mariana Islands, Norway, Oman, Poland, Portugal, Puerto
Rico, Qatar, Republic of Korea, San Marino, Saudi Arabia,
Singapore, Slovakia, Slovenia, Spain, Sweden, Switzerland,
Trinidad and Tobago, Turks and Caicos Islands, United Arab
Emirates, United Kingdom, United States of America, United
States Virgin Islands.

Upper-middle income: Albania, Algeria, American Samoa,
Antigua and Barbuda, Argentina, Azerbaijan, Belarus, Bosnia
and Herzegovina, Botswana, Brazil, Bulgaria, Chile,
Colombia, Costa Rica, Cuba, Dominica, Dominican Republic,
Fiji, Gabon, Grenada, Iran (Islamic Republic of), Jamaica,
Kazakhstan, Lebanon, Libyan Arab Jamahiriya, Lithuania,
Malaysia, Mauritius, Mayotte, Mexico, Montenegro,
Namibia, Palau, Panama, Peru, Romania, Russian Federation,
Serbia, Seychelles, South Africa, Saint Kitts and Nevis, Saint
Lucia, Saint Vincent and the Grenadines, Suriname, The
former Yugoslav Republic of Macedonia, Turkey, Uruguay,
Venezuela (Bolivarian Republic of).

Lower-middle income: Angola, Armenia, Belize, Bhutan,
Bolivia, Cameroon, Cape Verde, China, Congo, Cote d’Ivoire,
Djibouti, Ecuador, Egypt, El Salvador, Georgia, Guatemala,
Guyana, Honduras, India, Indonesia, Iraq, Jordan, Kiribati,
Lesotho, Maldives, Marshall Islands, Micronesia (Federated
States of), Moldova, Mongolia, Morocco, Nicaragua, Nigeria,
Occupied Palestinian Territory, Pakistan, Papua New Guinea,
Paraguay, Philippines, Samoa, Sdao Tomé and Principe,
Senegal, Sri Lanka, Sudan, Swaziland, Syrian Arab Republic,
Thailand, Timor-Leste, Tonga, Tunisia, Turkmenistan, Tuvalu,
Ukraine, Uzbekistan, Vanuatu, Viet Nam, Yemen.

Low income: Afghanistan, Bangladesh, Benin, Burkina Faso,
Burundi, Cambodia, Central African Republic, Chad,
Comoros, Democratic People’s Republic of Korea,
Democratic Republic of the Congo, Eritrea, Ethiopia,
Gambia, Ghana, Guinea, Guinea-Bissau, Haiti, Kenya,
Kyrgyzstan, Lao People’s Democratic Republic, Liberia,
Madagascar, Malawi, Mali, Mauritania, Mozambique,
Myanmar, Nepal, Niger, Rwanda, Sierra Leone, Solomon
[slands, Somalia, Tajikistan, Togo, Uganda, United Republic
of Tanzania, Zambia, Zimbabwe.

Sub-regional aggregates

m Africa

Eastern Africa: Burundi, Comoros, Djibouti, Eritrea,
Ethiopia, Kenya, Madagascar, Malawi, Mauritius, Mayotte,
Mozambique, Réunion, Rwanda, Seychelles, Somalia,
Uganda, United Republic of Tanzania, Zambia, Zimbabwe.
Middle Africa: Angola, Cameroon, Central African
Republic, Chad, Congo, Democratic Republic of the Congo,
Equatorial Guinea, Gabon, Sao Tomé and Principe.
Northern Africa: Algeria, Egypt, Libyan Arab Jamahiriya,
Morocco, Sudan, Tunisia, Western Sahara.

Southern Africa: Botswana, Lesotho, Namibia, South
Africa, Swaziland.

Western Africa: Benin, Burkina Faso, Cape Verde, Cote
d’Ivoire, Gambia, Ghana, Guinea, Guinea-Bissau, Liberia,
Mali, Mauritania, Niger, Nigeria, Saint Helena, Senegal,
Sierra Leone, Togo.

B Asia

Eastern Asia: China, Hong Kong SAR of China, Macao SAR
of China, Democratic People’s Republic of Korea, Japan,
Mongolia, Republic of Korea.



South-Central Asia: Afghanistan, Bangladesh, Bhutan,
India, Iran (Islamic Republic of), Kazakhstan, Kyrgyzstan,
Maldives, Nepal, Pakistan, Sri Lanka, Tajikistan,
Turkmenistan, Uzbekistan.

South-Eastern Asia: Brunei Darussalam, Cambodia,
Indonesia, Lao People’s Democratic Republic, Malaysia,
Myanmar, Philippines, Singapore, Thailand, Timor-Leste,
Viet Nam.

Western Asia: Armenia, Azerbaijan, Bahrain, Cyprus,
Georgia, Iraq, Israel, Jordan, Kuwait, Lebanon, Occupied
Palestinian Territory, Oman, Qatar, Saudi Arabia, Syrian Arab
Republic, Turkey, United Arab Emirates, Yemen.

m Europe

Eastern Europe: Belarus, Bulgaria, Czech Republic,
Hungary, Moldova, Poland, Romania, Russian Federation,
Slovakia, Ukraine.

Northern Europe: Channel Islands, Denmark, Estonia,
Faeroe Islands, Finland, Iceland, Ireland, Isle of Man, Latvia,
Lithuania, Norway, Sweden, United Kingdom.

Southern Europe: Albania, Andorra, Bosnia and
Herzegovina, Croatia, Gibraltar, Greece, Holy See, Italy,
Malta, Montenegro, Portugal, San Marino, Serbia, Slovenia,
Spain, The former Yugoslav Republic of Macedonia.
Western Europe: Austria, Belgium, France, Germany,
Liechtenstein, Luxembourg, Monaco, Netherlands,
Switzerland.

m Latin America and the Caribbean

Caribbean: Anguilla, Antigua and Barbuda, Aruba, Bahamas,
Barbados, British Virgin Islands, Cayman Islands, Cuba,
Dominica, Dominican Republic, Grenada, Guadeloupe, Haiti,
Jamaica, Martinique, Montserrat, Netherlands Antilles,
Puerto Rico, Saint Kitts and Nevis, Saint Lucia, Saint Vincent
and the Grenadines, Trinidad and Tobago, Turks and Caicos
Islands, United States Virgin Islands.

Central America: Belize, Costa Rica, El Salvador,
Guatemala, Honduras, Mexico, Nicaragua, Panama.

South America: Argentina, Bolivia, Brazil, Chile, Colombia,
Ecuador, Falkland Islands (Malvinas), French Guiana,
Guyana, Paraguay, Peru, Suriname, Uruguay, Venezuela
(Bolivarian Republic of).

m Northern America

Bermuda, Canada, Greenland, Saint-Pierre-et-Miquelon,
United States of America.

m Oceania

Australia/New Zealand: Australia, New Zealand.
Melanesia: Fiji, New Caledonia, Papua New Guinea,
Solomon Islands, Vanuatu.

Micronesia: Guam, Kiribati, Marshall Islands, Micronesia
(Federated States of), Nauru, Northern Mariana Islands,
Palau.

Polynesia: American Samoa, Cook Islands, French Polynesia,
Niue, Pitcairn, Samoa, Tokelau, Tonga, Tuvalu, Wallis and
Futuna Islands.

Technical Notes

NOMENCLATURE AND
ORDER OF PRESENTATION

Tables A.1 to A.4 contain regional data, grouped in income,
human development and geographic aggregates. Tables B.1
to B.8 and C.1 to C.3 contain country and city-level data,
respectively. In these tables, the countries or areas are listed
in English alphabetical order within the macro-regions of
Africa, Asia, Europe, Latin America, Northern America and
Oceania. Countries or area names are presented in the form
commonly used within the United Nations Secretariat for
statistical purposes. Due to space limitations, the short name
is used — for example, the United Kingdom of Great Britain
and Northern Ireland is referred to as ‘United Kingdom'.

DEFINITION OF TERMS

Access to electricity: percentage of households which,
within their housing unit are connected to electricity.

Access to piped water: percentage of households which,
for source of drinking water are connected to piped water
within their housing unit, tap placed in the yard or plot
outside the house.

Access to sewerage: percentage of households which,
within their housing unit are connected to sewerage.

Access to telephone: percentage of households which,
within their housing unit are connected to telephone.

Access to mobile: percentage of households with mobile
phone.

Gini index: the extent to which the distribution of income
(or, in some cases, consumption expenditure) or assets (such
as land) among individuals or households within an economy
deviates from a perfectly equal distribution. A Lorenz curve
plots the cumulative percentages of total income received
against the cumulative number of recipients, starting with
the poorest individual or household. The Gini index
measures the area between the Lorenz curve and a
hypothetical line of absolute equality, expressed as a
percentage of the maximum area under the line. Thus, a Gini
index of 0 represents perfect equality, while an index of 1
implies absolute inequality.

Greenhouse gas emissions, carbon dioxide: emissions
from the burning of fossil fuels and the manufacture of
cement and include carbon dioxide produced during the
consumption of solid, liquid, and gas fuels and gas flaring.

Greenhouse gas emissions, methane: emissions from
human activities such as agriculture and from industrial
methane production.

Greenhouse gas emissions, nitrous oxide: emissions from
agricultural biomass burning, industrial activities, and
livestock management.

Greenhouse gas emissions, other: the by-product
emissions of hydrofluorocarbons (by-product emissions of
fluoroform from chlorodifluoromethane manufacture and
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use of hydrofluorocarbons), perfluorocarbons (by-product
emissions of tetrafluoromethane and hexafluoroethane from
primary aluminium production and use of fluorocarbons, in
particular for semiconductor manufacturing), and sulphur
hexafluoride (various sources, the largest being the use and
manufacture of gas insulated switchgear used in electricity
distribution networks).

Greenhouse gas emissions, percentage change: (calcu-
lated by UN-Habitat) refers to the average annual percentage
growth rate of metric tonnes of emissions produced during
the indicated period for each country, major regions and
global totals.

Gross national income: the sum of value added by all
resident producers plus any product taxes (less subsidies)
not included in the valuation of output plus net receipts of
primary income (compensation of employees and property
income) from abroad. Data are in current US dollars
converted using the World Bank Atlas method.

Gross national income per capita: gross national income
(GNI) divided by mid-year population. GNI per capita in US
dollars is converted using the World Bank Atlas method.

Gross national income PPP: gross national income
converted to international dollars using purchasing power
parity (PPP) rates. An international dollar has the same
purchasing power over GNI as a US dollar has in the United
States of America.

Household: the concept of household is based on the
arrangements made by persons, individually or in groups, for
providing themselves with food or other essentials for living.
A household may be either:

1. A one-person household: a person who makes provision
for his or her own food or other essentials for living
without combining with any other person to form a part
of a multi-person household.

2. A multi-person household: a group of two or more
persons living together who make common provision for
food or other essentials for living. The persons in the
group may pool their incomes and may, to a greater or
lesser extent, have a common budget; they may be
related or unrelated persons or constitute a combination
of persons both related and unrelated. This concept of
household is known as the ‘housekeeping’ concept. It
does not assume that the number of households and
housing units is equal. Although the concept of housing
unit implies that it is a space occupied by one house-
hold, it may also be occupied by more than one
household or by a part of a household (e.g. two nuclear
households that share one housing unit for economic
reasons or one household in a polygamous society
routinely occupying two or more housing units).

Household connection to improved drinking water:
percentage of households which, within their housing unit,
are connected to any of the following types of water supply
for drinking: piped water, public tap, borehole or pump,
protected well, protected spring or rainwater.

Improved drinking water coverage: percentage of people
using improved drinking water sources or delivery points.
Improved drinking water technologies are more likely to
provide safe drinking water than those characterized as
unimproved. Improved drinking water sources: piped water
into dwelling, plot or yard; public tap/standpipe; tube well
/borehole; protected dug well; protected spring; rainwater
collection. Unimproved drinking water sources: unprotected
dug well; unprotected spring; cart with small tank/drum,
bottled water;* tanker-truck; surface water (river, dam, lake,
pond, stream, canal, irrigation channels).

Improved sanitation coverage: percentage of people using
improved sanitation facilities. Improved sanitation facilities
are more likely to prevent human contact with human
excreta than unimproved facilities.

International poverty line: based on nationally representa-
tive primary household surveys conducted by national
statistical offices or by private agencies under the supervi-
sion of government or international agencies and obtained
from government statistical offices and World Bank country
departments. Population below US$1.25 a day and
population below US$2 a day: percentages of the popula-
tion living on less than $1.25 a day and $2 a day at 2005
international prices. As a result of revisions in PPP exchange
rates, poverty rates for individual countries cannot be
compared with poverty rates reported in earlier editions

Level of urbanization: percentage of the population resid-
ing in places classified as urban. Urban and rural settlements
are defined in the national context and vary among countries
(the definitions of urban are generally national definitions
incorporated within the latest census).

Motor vehicles: include cars, buses and freight vehicles but
not two-wheelers.

National population below national poverty line:
percentage of the country’s population living below the
national poverty line. National estimates are based on
population weighted subgroup estimates from household
surveys.

Persons in housing units: number of persons resident in
housing units.

Population, rural: mid-year estimates and projections
(medium variant) of the population residing in human settle-
ments classified as rural (see also ‘Population, urban’ below).

Population, total: mid-year population estimates and
projections for the world, region, countries or areas. The
Population Division of the United Nations Department of
Economic and Social Affairs updates, every two years,
population estimates and projections by incorporating new
data, new estimates and new analyses of data on population,
fertility, mortality and international migration. Data from
new population censuses and/or demographic surveys are
used to verify and update old estimates of population or
demographic indicators, or to make new ones and to check
the validity of the assumptions made in the projections.
Population rate of change (calculated by UN-Habitat) refers



to the average annual percentage change of population
during the indicated period for each country, major regions
and global totals. The formula used throughout the Annex is
as follows: r = [(1/t) x In(A2/A1)] x 100, where ‘A1’ is a
value at any given year; ‘A2’ is a value at any given year later
than the year of ‘Al’; ‘t’ is the year interval between ‘Al’ and
‘A2’; and ‘In’ is the natural logarithm function.

Population, urban: mid-year population of areas defined as
urban in each country and reported to the United Nations.
Estimates of the world’s urban population would change
significantly if China, India, and a few other populous
nations were to change their definition of urban centres.
According to China’s State Statistical Bureau, by the end of
1996 urban residents accounted for about 43 per cent of
China’s population, while in 1994 only 20 per cent of the
population was considered urban. In addition to the continu-
ous migration of people from rural to urban areas, one of the
main reasons for this shift was the rapid growth in the
hundreds of towns reclassified as cities in recent years.
Because the estimates in the table are based on national
definitions of what constitutes a city or metropolitan area,
cross-country comparisons should be made with caution.

Population density: mid-year population divided by land
area in square kilometres.

Railways: length of railway route available for train service,
irrespective of the number of parallel tracks. Passengers
carried by railway are the number of passengers transported
by rail multiplied by kilometres travelled. Goods hauled by
railway are the volume of goods transported by railway,
measured in metric tons multiplied by kilometres travelled.

Roads: motorways, highways, main or national roads, and
secondary or regional roads. A motorway is a road specially
designed and built for motor vehicles that separates the
traffic flowing in opposite directions. Total road network:
includes motorways, highways and main or national roads,
secondary or regional roads, and all other roads in a country.
Paved roads: roads surfaced with crushed stone (macadam)
and hydrocarbon binder or bitumized agents, with concrete
or with cobblestones, as a percentage of all of the country’s
roads measured in length. Goods hauled by road are the
volume of goods transported by road vehicles, measured in
millions of metric tons multiplied by kilometres travelled.

Survey year: the year in which the underlying data were
collected.

Urban poverty rate: percentage of the urban population
living below the national urban poverty line.

Urban slum dwellers: individuals residing in housing with
one or more of the following conditions: inadequate drinking
water; inadequate sanitation; poor structural quality/durabil-
ity of housing; overcrowding; and insecurity of tenure.

Urban agglomerations and capital cities: the term ‘urban
agglomeration’ refers to the population contained within the
contours of a contiguous territory inhabited at urban density
levels without regard to administrative boundaries. It usually
incorporates the population in a city or town plus that in the

Technical Notes

suburban areas lying outside of but being adjacent to the city
boundaries. Whenever possible, data classified according to
the concept of urban agglomeration are used. However,
some countries do not produce data according to the
concept of urban agglomeration but use instead that of
metropolitan area or city proper. If possible, such data are
adjusted to conform to the concept of urban agglomeration.
When sufficient information is not available to permit such
an adjustment, data based on the concept of city proper or
metropolitan area are used. The sources listed online
indicate whether data were adjusted to conform to the urban
agglomeration concept or whether a different concept was
used. Table C.1 contains revised estimates and projections
for all urban agglomerations comprising 750,000 or more
inhabitants.

SOURCES OF DATA

The Statistical Tables have been compiled from the following
UN-Habitat databases:

United Nations Human Settlements Programme (UN-
Habitat), Global Urban Indicators Database 2010

United Nations Human Settlements Programme (UN-
Habitat), Urban Info 2010

In addition, various statistical publications from the United
Nations and other international organizations have been
used. These include:

United Nations Development Programme (2010) Human
Development Report 2010, New York,
http://hdr.undp.org/en/reports/global/hdr2010/

United Nations, Department of Economic and Social Affairs,
Population Division (2009), World Population Prospects:
The 2008 Revision, New York

United Nations, Department of Economic and Social Affairs,
Population Division (2010) World Urbanization
Prospects: The 2009 Revision, United Nations, New York

World Bank (2005) World Development Indicators 2005,
World Bank, Washington, DC

World Bank (2000) World Development Report 2006, World
Bank, Washington, DC

World Bank (2010) World Development Indicators 2010,
World Bank, Washington, DC

World Bank (2010) World Development Indicators Online
database, http://data.worldbank.org/indicator

World Bank (2010) World Development Report 2011, World
Bank, Washington, DC

World Health Organization (WHO) and United Nations
Children’s Fund (UNICEF) Joint Monitoring Programme
for Water Supply and Sanitation (JMP) (2010) Progress
on Sanitation and Drinking-Water 2010 Update, WHO
and UNICEE, Geneva and New York,
www.who.int/water sanitation_health/publications/
0789241563956/en/index.html
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As classified by United Nations
Department of Economic and
Social Affairs (UNDESA); see
hetp:/lwww.sidsnet.org/
sids_list.html for detail.

As classified by the United
Nations Development
Programme (UNDP); see
Human Development Report
2010 for detail. The following
countries and territories were
not classified: American Samoa,
Anguilla, Antigua and Barbuda,
Aruba, Bermuda, Bhutan,
British Virgin Islands, Cayman
Islands, Channel Islands, Cook

Islands, Cuba, Democratic
People’s Republic of Korea,
Dominica, Eritrea, Faeroe
Islands, Falkland Islands
(Malvinas), French Guiana,
French Polynesia, Gibraltar,
Greenland, Grenada,
Guadeloupe, Guam, Holy See,
Iraq, Isle of Man, Kiribati,
Lebanon, Macao SAR of China,
Marshall Islands, Martinique,
Mayotte, Monaco, Montserrat,
Nauru, Netherlands Antilles,
New Caledonia, Niue,
Northern Mariana Islands,
Occupied Palestinian Territory,

Oman, Palau, Pitcairn, Puerto
Rico, Réunion, Saint Helena,
Saint Kitts and Nevis, Saint
Lucia, Saint Vincent and the
Grenadines, Saint-Pierre-et-
Miquelon, Samoa, San Marino,
Seychelles, Somalia, Tokelau,
Turks and Caicos Islands,
Tuvalu, United States Virgin
Islands, Vanuatu, Wallis and
Futuna Islands, and Western
Sahara.

As classified by the World
Bank; see World Development
Report 201 [ for detail. The
following countries and terri-

tories were not classified:
Anguilla, British Virgin Islands,
Cook Islands, Falkland Islands
(Malvinas), French Guiana,
Guadeloupe, Holy See,
Martinique, Montserrat, Nauru,
Niue, Pitcairn, Réunion, Saint
Helena, Saint-Pierre-et-
Miquelon, Tokelau, Wallis and
Futuna Islands,and Western
Sahara.

Bottled water is considered
improved only when the
household uses water from an
improved source for cooking
and personal hygiene.



DATA TABLES

REGIONAL AGGREGATES
TABLE A.|

Total Population Size, Rate of Change and Population Density

Estimates and projections Rate of change Population density
('000) (%) (people/km?)
2000 2010 2020 2030 2000-2010 2010-2020 2020-2030 2000 2030
WORLD 6,115,367 6,908,688 7,674,833 8,308,895 122 1.05 0.79 45 6l
World Major Aggregates
More Developed Regions 1,194,967 1,237,228 1,268,343 1,281,628 035 0.25 0.10 22 24
Less Developed Regions 4,920,400 5,671,460 6,406,489 7,027,267 1.42 122 0.92 59 85
Least Developed Countries 677,368 855,209 1,060,067 1,272,279 233 215 1.82 33 6l
Other Less Developed Countries 4,243,033 4816251 5,346,422 5,754,988 127 1.04 0.74 68 93
Less Developed Regions, excluding China 3,646,339 4,309,696 4,967,045 5,556,003 1.67 1.42 1.12 50 76
Small Island Developing States 52,809 59,642 66,205 72,097 122 1.04 0.85 4 58
Sub-Saharan Africa 674,842 863,314 1,081,114 1,307,831 246 2.25 1.90 28 54
Human Development Index Aggregates
Very High Human Development 993,772 1,055,971 1,101,353 1,129,453 061 042 0.25 31 35
High Human Development 970,891 1,052,377 1,124,577 1,175,057 08l 0.66 0.44 20 24
Medium Human Development 3,190,507 3,597,308 3,967,424 4239,713 120 0.98 0.66 17 155
Low Human Development 871,324 1,099,018 1,360,204 1,626,493 232 2.13 1.79 38 71
Income Aggregates
High Income 1,036,187 1,106,127 1,158,870 1,193,450 0.65 047 0.29 27 32
Middle Income 4,387,508 4,939,256 5,452,303 5,845,635 118 0.99 0.70 55 73
Upper-Middle Income 931,193 1,015,174 1,085,244 1,134,305 0.86 0.67 044 19 bk}
Lower-Middle Income 3,456,315 3,924,082 4,367,059 4,711,330 127 1.07 0.76 109 148
Low Income 691,678 863,301 1,063,654 1,269,812 222 2.09 1.77 39 71
Geographic Aggregates
Africa 819,462 1,033,043 1,276,369 1,524,187 232 2.12 1.77 27 50
Eastern Africa 252,710 327,186 420,200 518,064 2.58 2.50 2.09 40 8l
Middle Africa 98,060 128,909 164,284 201,602 274 242 2.05 15 30
Northern Africa 179,525 212,921 247,564 277,351 171 1.51 1.14 21 33
Southern Africa 51,387 57,968 61,134 64,037 121 0.53 0.46 19 24
Western Africa 237,781 306,058 383,187 463,133 252 225 1.89 39 75
Asia 3,698,296 4,166,741 4,596,256 4,916,701 119 0.98 0.67 116 154
Eastern Asia 1,472,444 1,563,951 1,640,388 1,666,372 0.60 048 0.16 125 142
South-Central Asia 1,518,322 1,780,473 2,028,786 2,231,846 1.59 1.31 0.95 141 207
South-Eastern Asia 517,193 589,615 653,541 706,492 131 1.03 0.78 115 157
Western Asia 190,336 232,702 273,541 311,991 201 1.62 132 39 65
Europe 726,568 732,759 732,952 723373 0.08 0.00 0.13 32 3l
Eastern Europe 304,088 291,485 281,511 268,320 042 -0.35 -0.48 16 14
Northern Europe 94,359 98,909 103,400 107,221 047 044 036 52 59
Southern Europe 145,119 153,778 157,455 157,228 0.58 0.24 -0.01 110 119
Western Europe 183,001 188,587 190,585 190,605 030 0.11 0.00 165 172
Latin America and the Caribbean 521,228 588,649 645,543 689,859 122 0.92 0.66 25 34
Caribbean 38,650 4312 45,470 47922 091 0.72 0.53 165 205
Central America 135,171 153,115 169,861 183,885 125 1.04 0.79 55 74
South America 347,407 393221 430,212 458,052 1.24 0.90 0.63 19 26
Northern America 318,654 351,659 383,384 410,204 0.99 0.86 0.68 15 19
Oceania 31,160 35838 40,329 44572 1.40 118 1.00 4 5
Australia/New Zealand 23,039 25815 28,344 30,627 I.14 093 0.77 3 4
Melanesia 7010 8,778 10,613 12,452 225 1.90 1.60 13 23
Micronesia 497 573 646 713 1.43 1.19 1.00 160 230
Polynesia 614 672 77 779 0.90 0.78 0.69 73 93

Sources: United Nations Department of Economic and Social Affairs, Population Division (2009) World Urbanization Prospects:The 2008 Revision, United Nations, New York; United Nations Department of Economic and Social
Affairs, Population Division (2010) World Urbanization Prospects: The 2009 Revision, United Nations, New York. Figures in regional, income or development aggregates are calculated on the basis of country/area level data from
Table B.I.

Note: Lists of countries/areas in aggregates are presented in the Technical Notes.
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TABLE A2
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Urban and Rural Population Size and Rate of Change

Urban population

Rural population

Estimates and projections

Rate of change

Estimates and projections

Rate of change

(°000) (%) ('000) (%)
2000 2010 2020 2030 2000-  2010- 2020~ 2000 2010 2020 2030 2000-  2010- 2020~
2010 2020 2030 2010 2020 2030
WORLD 2837431 3486326 4,176,234 4899858  2.06 181 1.60 3277937 3422362 3498599 3,409,038 043 0.22 -0.26
World Major Aggregates
More Developed Regions 869,233 929,851 988,130 1,036,550  0.67 0.6l 0.48 325734 307377 280214 245078 -0.58 0.93 -1.34
Less Developed Regions 1,968,198 2,556,475 3,188,104 3,863,308  2.62 221 1.92 2,952,203 3,114985 3218385 3,163960  0.54 0.33 0.17
Least Developed Countries 167,181 249442 366,150 519537  4.00 384 3.50 510,186 605767 693917 752742 172 136 081
Other Less Developed Countries 1,801,016 2,307,033 2821954 3343771 248 201 1.70 2442016 2509218 2524468 2411218 027 0.06 -0.46
Less Developed Regions, excluding China 1,508,061 1,913,018 2393054 2,949,063 238 224 2.09 2,138,278 2,396,678 2,573,992 2,606,94I 1.14 0.71 0.13
Small Island Developing States 27,682 33,269 39014 44839 1.84 1.59 139 25118 26374 27,197 27260 049 031 0.02
Sub-Saharan Africa 220,606 321,400 456,580 626,683  3.76 351 3.7 454236 541914 624534 681,148 176 1.42 0.87
Human Development Index Aggregates
Very High Human Development 743,983 818351 882751 936,113  0.95 0.76 0.59 249794 237,620 218604 193339  -0.50 083 -1.23
High Human Development 698381 797979 890,670 965152  1.33 1.10 0.80 272,506 254397 233904 209,900 -0.69 -0.84 -1.08
Medium Human Development 1,090,497 1,436,933 1,794395 2,170,060 276 hyy) 1.90 2,100,009 2,160,379 2,173,029 2,069654 028 0.06 -0.49
Low Human Development 247,830 366,677 529,624 734793 390N 3.68 327 623,497 732343 830,587 891,698 1.6l 126 0.71
Income Aggregates
High Income 774391 855,606 926830 986,780  1.00 0.80 0.63 259,682 247,945 229,084 203462  -0.46 0.79 -1.19
Middle Income 1,887,460 2378715 2,887,033 3403810 23l 1.94 1.65 2,500,044 2,560,546 2,565,274 2441817 024 0.02 049
Upper-Middle Income 666,588 766,942 856,953 929,145 140 11 038l 264603 248234 228293 205,152  -0.64 -0.84 -1.07
Lower-Middle Income 1220872 1,611,773 2,030,080 2474665 278 231 1.98 2235441 2312312 2336981 2236665 034 0.11 -0.44
Low Income 173,725 249,727 359,728 506,362  3.63 3.65 34 517957 613576 703930 763447 169 137 08!
Geographic Aggregates
Africa 294,602 412,990 569,117 761293 338 321 291 524861 620,053 707253 762,895 1.7 1.32 0.76
Eastern Africa 52,641 77,194 116,130 172,766 383 408 397 200069 249,992 304070 345298 223 1.96 127
Middle Africa 36,486 55592 81,493 112727 421 38 324 61574 73318 82,791 88875 175 122 0.71
Northern Africa 85,656 108912 137341 167876 240 232 201 93,868 104009 110224 109475  1.03 0.58 -0.07
Southern Africa 27,657 34,021 38809 43741 207 1.32 1.20 23730 23947 22325 20295 0.09 -0.70 0.95
Western Africa 92,162 137271 195344 264,182 398 353 3.02 145,620 168,787 187843 19895l 1.48 1.07 0.57
Asia 1,360,900 1,757,314 2,168,798 2598358 256 2.10 181 2337395 2409427 2427458 2318343 030 0.07 -0.46
Eastern Asia 594,676 784688 940,684 1,061,980 277 1.81 121 877,768 779263 699,704 604392  -1.19 -1.08 -1.46
South-Central Asia 447425 571,112 733,039 936279 244 250 245 1,070,897 1,209,360 1295746 1,295567  1.22 0.69 0.00
South-Eastern Asia 197,360 246,701 305412 373411 223 213 201 319,833 342914 348130 333,081 070 0.15 -0.44
Western Asia 121,438 154813 189,664 226,688 243 2.03 1.78 68897 77889 83877 85303 123 0.74 0.17
Europe 514422 533295 552486 567,403 036 0.35 0.27 212,146 199464 180465 155970  -0.62 -1.00 -1.46
Eastern Europe 207,409 200938 199,963 198744 -0.32 -0.05 -0.06 96,679 90546 81,548 69,575 -0.66 -1.05 -1.59
Northern Europe 73,502 78217 83704 89282 0.2 0.68 0.65 20857 20,691 19,695 17,939 -0.08 049 093
Southern Europe 95015 104209 111664 117473 092 0.69 0.51 50,104 49569 45791 39,755 0.1l 0.79 -1.41
Western Europe 138495 149,931 157,155 161,904 079 0.47 0.30 44,506 38,656 33,430 28701 -141 -1.45 -1.53
Latin America and the Caribbean 393420 468757 533,147 585490 175 129 0.94 127,807 119892 112395 104369 -0.64 -0.65 0.74
Caribbean 23,708 28278 32510 36,143 176 139 1.06 14,941 14,034 12,960 11,779 -0.63 -0.80 -0.96
Central America 92,948 110251 127463 143535  L.71 1.45 1.19 4222 42865 42398 40350 0I5 .11 -0.50
South America 276,764 330228 373,175 405812 177 122 0.84 70,643 62,993 57,037 52240 -L.I5 0.99 0.88
Northern America 252,154 288803 324279 355499 136 116 0.92 66,500 62,856 59,105 54705 -0.56 -0.62 0.77
Oceania 21,932 25167 28406 318l6 138 121 113 9,227 10,671 11,924 12756 145 1L 0.67
Australia/New Zealand 20,024 22,878 25516 27948 133 1.09 091 3015 2937 2,827 2679 -0.26 0.38 -0.54
Melanesia 1,329 1,614 2,110 2964 194 2.68 340 5,680 7,164 8,503 9488 232 171 1.10
Micronesia 326 390 454 523  1.80 1.52 1.40 171 183 191 191 069 0.45 -0.04
Polynesia 253 285 325 380 120 131 1.58 361 387 402 399 069 0.38 -0.08

Sources: United Nations Department of Economic and Social Affairs, Population Division (2010) World Urbanization Prospects:The 2009 Revision, United Nations, New York. Figures in regional,income or development aggregates
are calculated on the basis of country/area level data from Table B.2.

Note: Lists of countries/areas in aggregates are presented in the Technical Notes.
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TABLE A3

Urbanization
Level of urbanization
Estimates and projections Rate of change
(%) (%)
2000 2010 2020 2030 2000-2010 2010-2020 2020-2030
WORLD 464 50.5 544 59.0 0.84 0.75 0.80
World Major Aggregates
More Developed Regions 7.7 752 719 80.9 0.33 0.36 0.37
Less Developed Regions 40.0 45.1 49.8 55.0 1.19 0.99 1.00
Least Developed Countries 247 292 345 408 1.67 1.69 1.67
Other Less Developed Countries 424 479 528 58.1 1.21 0.97 0.96
Less Developed Regions, excluding China 41.4 44.4 482 53.1 0.71 0.82 0.97
Small Island Developing States 524 558 589 622 0.62 0.55 0.54
Sub-Saharan Africa 327 372 4.2 479 1.30 126 126
Human Development Index Aggregates
Very High Human Development 749 775 80.2 829 0.35 0.34 0.33
High Human Development 719 758 792 821 053 0.44 0.36
Medium Human Development 342 399 452 51.2 1.56 1.24 1.24
Low Human Development 284 334 389 45.2 1.60 1.54 149
Income Aggregates
High Income 749 775 80.2 829 035 0.34 0.33
Middle Income 430 482 53.0 582 113 0.95 0.95
Upper-Middle Income 716 755 79.0 819 0.54 0.44 0.37
Lower-Middle Income 353 41.1 46.5 525 1.51 1.24 122
Low Income 25.1 289 338 399 141 1.56 1.65
Geographic Aggregates
Africa 36.0 40.0 446 499 1.06 1.09 113
Eastern Africa 208 236 276 333 125 1.58 1.88
Middle Africa 372 431 49.6 559 1.48 1.40 120
Northern Africa 477 512 55.5 60.5 0.70 0.8l 0.87
Southern Africa 538 587 63.5 68.3 0.87 0.78 0.73
Western Africa 3838 449 51.0 57.0 146 128 1.12
Asia 36.8 42 472 528 136 1.12 (WK]
Eastern Asia 404 502 573 63.7 217 1.34 1.06
South-Central Asia 295 321 36.1 40 0.85 119 1.49
South-Eastern Asia 382 418 46.7 529 0.92 LI 1.23
Western Asia 638 66.5 69.3 7 0.42 041 047
Europe 708 728 754 784 0.28 035 0.40
Eastern Europe 68.2 68.9 71.0 74.1 0.1 0.30 0.42
Northern Europe 779 79.1 81.0 833 0.15 023 0.28
Southern Europe 65.5 67.8 709 747 0.34 0.45 0.52
Western Europe 757 795 825 849 0.49 037 0.30
Latin America and the Caribbean 75.5 796 82.6 84.9 0.54 0.36 0.27
Caribbean 613 66.8 715 754 0.86 0.67 0.53
Central America 68.8 720 750 78.1 046 041 039
South America 797 840 86.7 88.6 053 0.32 021
Northern America 79.1 821 84.6 86.7 037 0.29 0.24
Oceania 704 702 704 714 -0.02 0.03 0.13
Australia/New Zealand 86.9 88.6 90.0 913 0.19 0.16 0.14
Melanesia 19.0 184 19.9 238 031 0.78 1.80
Micronesia 65.6 68.1 704 733 037 0.33 041
Polynesia 412 44 4.7 488 0.30 0.52 0.88

Sources: United Nations Department of Economic and Social Affairs, Population Division (2010) World Urbanization Prospects:The 2009 Revision, United Nations, New York. Figures in regional, income or development aggregates
are calculated on the basis of country/area level data from Table B.3.

Note: Lists of countries/areas in aggregates are presented in the Technical Notes.
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TABLE A4

Urban Agglomerations

Number of urban agglomerations Distribution of urban population by Population
Estimates and projections size of agglomerations estimates and projections
(%) (‘000)
2000 2010 2020 2000 2010 2020 2000 2010 2020
WORLD
10 million or more 16 21 28 82 9.3 104 231,624 324,190 436,308
5to 10 million 28 3 43 6.9 6.7 70 195,644 233,827 290,456
| to 5 million 305 388 467 206 221 220 584,050 772,084 917,985
500,000 to | million 402 516 608 9.6 102 102 273,483 355,619 425,329
Fewer than 500,000 547 516 504 1,552,631 1,800,607 2,106,156
World Major Aggregates
More Developed Regions
10 million or more 5 6 6 9.8 109 105 85,279 101,228 103,834
5 to 10 million 5 7 9 42 49 59 36472 45,595 58,692
I to 5 million 98 102 104 225 220 212 195,393 204,587 209,392
500,000 to | million 17 126 132 9.1 9.1 9.1 78818 84,750 89,863
Fewer than 500,000 544 53.1 533 473271 493,691 526,350
Less Developed Regions
10 million or more I 15 22 74 87 104 146,345 222,962 332,474
5 to 10 million 23 26 34 8.l 74 73 159,172 188,232 231,764
I to 5 million 207 286 363 19.7 222 22 388,657 567,497 708,593
500,000 to | million 285 390 476 9.9 10.6 105 194,664 270,868 335,466
Fewer than 500,000 54.8 511 496 1,079,360 1,306,916 1,579,806
Least Developed Countries
10 million or more | | 2 6.2 59 86 10,285 14,648 31,509
5 to 10 million | 2 6 34 56 10.0 5611 13,926 36,755
I to 5 million 20 27 38 219 232 19.7 36,567 57,905 72,152
500,000 to | million 19 28 34 77 8.l 64 12915 20,269 23,438
Fewer than 500,000 60.9 572 552 101,803 142,693 202,296
Other Less Developed Countries
10 million or more 10 14 20 76 9.0 107 136,060 208314 300,965
5 to 10 million 22 24 28 85 76 6.9 153,561 174,306 195,009
I to 5 million 187 259 325 19.5 221 226 352,090 509,591 636,441
500,000 to | million 266 362 442 10.1 109 1.1 181,749 250,599 312,028
Fewer than 500,000 543 50.5 488 977,555 1,164,222 1,377,510
Less Developed Regions, excluding China
10 million or more 10 13 17 88 10.1 112 133,121 194,002 267,576
5 to 10 million 16 18 25 73 6.7 71 110,003 127,795 170,661
I to 5 million 156 207 250 19.3 213 207 291,625 408,322 496,275
500,000 to | million 189 242 293 8.7 838 86 130,840 168,013 206,053
Fewer than 500,000 55.9 53.1 523 842473 1,014,887 1,252,489
Sub-Saharan Africa
10 million or more — | 2 — 33 59 — 10,578 26,949
5 to 10 million 2 2 5 58 43 6.6 12,844 13,926 29,931
I to 5 million 28 40 55 234 26.1 248 51,706 83,765 113,394
500,000 to | million 32 51 58 10.3 109 9.1 22,795 34,940 41,453
Fewer than 500,000 604 554 536 133,262 178,191 244,853
Geographic Aggregates
Africa
Eastern Africa
10 million or more — — — — — — — — —
5 to 10 million — — 2 — — 89 — — 10,296
| to 5 million 9 10 14 26.5 26.6 230 13,929 20519 26,686
500,000 to | million 4 10 I 45 9.5 6.8 2393 7324 7,895
Fewer than 500,000 69.0 63.9 614 36318 49,351 71,254
Middle Africa
10 million or more — — | — — 157 — — 12,788
5 to 10 million | | | 154 157 87 5611 8,754 7,080
| to 5 million 3 7 9 143 253 205 5216 14,087 16,712
500,000 to | million 9 9 12 174 114 107 6,334 6,321 8,679
Fewer than 500,000 53.0 4715 445 19,326 26,430 36,234
Northern Africa
10 million or more | | | 1.9 10.1 9.1 10,170 11,001 12,540
5 to 10 million — | 2 — 47 89 — 5172 12,206
| to 5 million 6 6 7 179 133 102 15,369 14,446 14,064
500,000 to | million 8 15 20 6.2 9. 105 5319 9,961 14,410
Fewer than 500,000 64.0 627 612 54,798 68,331 84,121
Southern Africa
10 million or more — — — — — — — — —
5 to 10 million — — — — — — — — —
| to 5 million 5 7 7 40.6 494 473 11,227 16,795 18,337
500,000 to | million 2 | 2 6.7 1.8 3 1,855 615 1,211
Fewer than 500,000 527 488 496 14,575 16,611 19,261
Western Africa
10 million or more — | | — 77 72 — 10,578 14,162
5 to 10 million | — | 78 0.0 28 7233 — 5,550
| to 5 million 10 16 24 189 236 259 17,384 32,364 50,598
500,000 to | million 17 26 27 133 129 9.9 12213 17,749 19,309

Fewer than 500,000 60.0 55.8 54.1 55,332 76,580 105,725
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continued
Number of urban agglomerations Distribution of urban population by Population
Estimates and projections size of agglomerations estimates and projections
(%) (‘000)
2000 2010 2020 2000 2010 2020 2000 2010 2020
Asia
Eastern Asia
10 million or more 3 4 7 9.9 9.8 12.1 58,839 76,966 113,354
5 to 10 million 8 9 10 9.9 89 75 59,086 70,210 70,870
| to 5 million 64 93 129 213 243 262 126,523 190,704 246,437
500,000 to | million 112 163 198 125 14.5 149 74,165 113,597 139,749
Fewer than 500,000 46.4 4.5 394 276,063 333211 370,274
South-Central Asia
10 million or more 5 5 5 14.6 15.0 142 65,180 85,523 103,854
5 to 10 million 5 7 10 6.6 82 10.0 29,694 46,607 73,161
| to 5 million 41 57 69 152 174 168 68,047 99,505 123,437
500,000 to | million 49 68 88 78 8.1 82 34,884 46,266 60,441
Fewer than 500,000 55.8 513 508 249,620 293,211 372,146
South-Eastern Asia
10 million or more — | 2 — 47 78 — 11,628 23,943
5 to 10 million 3 3 4 125 9.1 8.7 24,680 22,354 26,644
| to 5 million 14 17 21 149 137 120 29,437 33,688 36,772
500,000 to | million 15 20 28 49 5.6 6.0 9,727 13,785 18,235
Fewer than 500,000 67.7 67.0 65.4 133,516 165,246 199,818
Western Asia
10 million or more — | | — 6.8 62 — 10,525 11,689
5 to 10 million 2 | 2 1.5 38 6.9 13,944 5,891 13,131
| to 5 million 18 24 30 26.7 314 316 32,391 48,593 59,883
500,000 to | million 18 24 31 10.1 109 1.3 12,231 16,878 21,353
Fewer than 500,000 51.8 47.1 4.1 62,873 72,927 83,609
Europe
Eastern Europe
10 million or more | | | 48 53 53 10,005 10,550 10,662
5 to 10 million — — — — — — — — —
| to 5 million 23 20 19 164 154 15.1 34,034 30,975 30,190
500,000 to | million 29 34 34 89 112 1.5 18,556 22,459 22,993
Fewer than 500,000 69.8 68.2 68.1 144,814 136,954 136,119
Northern Europe
10 million or more — — — — — — — — —
5 to 10 million | | | 1.2 1.0 10.5 8225 8,631 8,753
| to 5 million 7 8 8 143 153 15.0 10,501 11,958 12,520
500,000 to | million 9 9 I 9.0 8. 9.1 6,618 6,315 7,608
Fewer than 500,000 65.5 65.6 65.5 48,159 51,313 54,823
Southern Europe
10 million or more — — — — — — — — —
5 to 10 million | 2 2 53 10.5 10.6 5014 10,935 11,823
| to 5 million 9 8 8 243 18.1 172 23,083 18,823 19,209
500,000 to | million 18 18 19 125 1.6 1.6 11,834 12,090 12,998
Fewer than 500,000 58.0 59.8 60.6 55,083 62,361 67,634
Western Europe
10 million or more — | | — 70 69 — 10,485 10,880
5 to 10 million | — — 70 0.0 0.0 9,739 — —
| to 5 million 10 12 13 1.1 123 128 15,434 18,374 20,072
500,000 to | million 19 20 20 9.2 85 8.l 12,710 12,780 12,729
Fewer than 500,000 726 722 722 100,612 108,291 113,474
Latin America and the Caribbean
Caribbean
10 million or more — — — — — — — — —
5 to 10 million — — — — — — — — —
| to 5 million 4 4 4 335 325 316 7,930 9,19 10,278
500,000 to | million | 3 3 24 6.3 6.0 580 1,772 1,946
Fewer than 500,000 64.1 61.2 62.4 15,197 17,310 20,286
Central America
10 million or more | | | 194 17.7 16.1 18,022 19,460 20,476
5 to 10 million — — — — — — — — —
| to 5 million 1 16 19 199 25.1 27.0 18,461 27,655 34,476
500,000 to | million 22 24 25 164 154 144 15,262 17,016 18,349
Fewer than 500,000 443 41.8 4.5 41,204 46,120 54,162
South America
10 million or more 3 3 5 144 137 183 39,749 45,287 68,124
5 to 10 million 3 4 2 6.8 89 34 18,925 29,244 12,828
| to 5 million 28 35 36 206 27 23.1 57,124 74976 86,069
500,000 to | million 31 30 34 71 6.5 6.9 21,421 21,328 25,635
Fewer than 500,000 50.4 483 484 139,545 159,394 180,519
Northern America
10 million or more 2 2 2 1.8 1.1 104 29,659 32,187 33,837
5 to 10 million 2 4 6 54 9.0 118 13,494 26,029 38,116
| to 5 million 37 2 44 338 329 29.8 85,310 95,001 96,533
500,000 to | million 39 40 43 10.9 9.8 9.4 27,380 28,282 30,579
Fewer than 500,000 382 372 386 96,311 107,304 125,214
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TABLE A4

continued

Number of urban agglomerations Distribution of urban population by Population
Estimates and projections size of agglomerations estimates and projections
(%) ('000)

2000 2010 2020 2000 2010 2020 2000 2010 2020

Oceania
10 million or more — — — — — — — _ —
5 to 10 million — — — — — — —
| to 5 million 6 573 553 12,652 14,423 15711
500,000 to | million — — . . — 1,082 1210
Fewer than 500,000 43 384 40.4 9,280 9,663 11,484
Australia/New Zealand
10 million or more — — — — — — — _ —
5 to 10 million — — — — — — — — _
| to 5 million 6 6 12,652 14,423 15711
500,000 to | million — 2 — ) ) — 1,082 1,210
Fewer than 500,000 368 322 337 7372 7374 8,595
Melanesia
10 million or more — — — — — — — _ _
5 to 10 million — — — — — — — — _
| to 5 million — — — — — — — — —
500,000 to | million — — — — — — — — _
Fewer than 500,000 100.0 100.0 100.0 1,329 1,614 2,110
Micronesia
10 million or more — — — — — — — — _
5 to 10 million — — — — — — — — _
| to 5 million — — — — — — — — —
500,000 to | million — — — — — _
Fewer than 500,000 100.0 100.0 100.0 326 390 454
Polynesia
10 million or more — — — — — — — — _
5 to 10 million — — — — — — — — _
| to 5 million — — — - — — — _ —
500,000 to | million — — — — — _
Fewer than 500,000 100.0 100.0 100.0 253 285 325

o
o
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~
~
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Source: United Nations Department of Economic and Social Affairs, Population Division (2010) World Urbanization Prospects:The 2009 Revision, United Nations, New York. The figures in regional aggregates are not consistent with
city data in table C.1.

Note: Lists of countries/areas in aggregates are presented in the Technical Notes.
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COUNTRY LEVEL DATA
TABLE B.|

Total Population Size, Rate of Change and Population Density

Estimates and projections Rate of change Population density
('000) (%) (people/lkm?)
2000 2010 2020 2030 2000-2010 2010-2020 2020-2030 2000 2030
AFRICA
Algeria 30,506 35423 40,630 44726 1.49 137 0.96 13 19
Angola 14,280 18,993 24,507 30416 285 255 216 I 24
Benin 6,659 9,212 12,177 15,399 325 279 235 59 137
Botswana 1,723 1,978 2227 2434 1.38 1.19 0.89 3 4
Burkina Faso 11,676 16,287 21,871 27,940 333 2.95 245 LX) 102
Burundi 6,473 8519 10,318 11,936 275 1.92 146 233 429
Cameroon 15,865 19,958 24349 28,602 230 1.99 1.6l 33 60
Cape Verde 439 513 584 645 1.56 130 0.99 109 160
Central African Republic 3,746 4,506 5,340 6,150 1.85 1.70 141 6 10
Chad 8,402 11,506 14,897 19,018 3.14 2.58 244 7 15
Comoros 552 691 838 975 225 1.93 151 297 524
Congo 3,036 3,759 4,699 5479 2.14 223 1.54 9 16
Céte d'lvoire 17,281 21,571 26,954 32,551 222 223 1.89 54 101
Democratic Republic of the Congo 50,829 67,827 87,640 108,594 2.88 256 2.14 22 46
Djibouti 730 879 1,027 1,192 1.86 1.56 149 3l 51
Egypt 70,174 84,474 98,638 110,907 1.85 1.55 117 70 11
Equatorial Guinea 529 693 875 1,067 2.70 233 1.98 19 38
Eritrea 3,657 5224 6719 8,086 357 252 1.85 3l 69
Ethiopia 65,515 84,976 107,964 131,561 2,60 239 1.98 59 119
Gabon 1,233 1,501 1,779 2,044 197 1.70 139 5 8
Gambia 1,302 1,751 2,227 2,736 296 240 2.06 115 242
Ghana 19,529 24333 29,567 34,884 220 1.95 1.65 82 146
Guinea 8,384 10,324 13,467 16,897 208 2.66 227 34 69
Guinea-Bissau 1,304 1,647 2,065 2,536 234 226 2.05 36 70
Kenya 31,441 40,863 52,034 63,199 262 242 1.94 54 109
Lesotho 1,889 2,084 2,244 2,359 0.98 0.74 0.50 62 78
Liberia 2,824 4,102 5253 6,470 33 247 2.08 25 58
Libyan Arab Jamahiriya 5346 6,546 7,699 8519 2.03 1.62 1.01 3 5
Madagascar 15,275 20,146 25,687 31,528 2.77 243 2.05 26 54
Malawi 11,831 15,692 20,537 25,897 282 269 232 100 219
Mali 10,523 13,323 16,767 20,467 236 230 1.99 8 17
Mauritania 2,604 3,366 4,091 4791 257 1.95 1.58 3 5
Mauritius' 1,195 1,297 1,372 1,420 0.82 0.56 0.34 586 696
Mayotte 149 199 250 302 289 228 1.89 397 808
Morocco 28,827 32,381 36,200 39,259 I.16 1.1 081 65 88
Mozambique 18,249 23,406 28,545 33,894 249 1.98 1.72 23 4
Namibia 1,824 2212 2614 2,993 1.93 1.67 135 2 4
Niger 11,031 15,891 22,947 32,563 3.65 367 3.50 9 2
Nigeria 124,842 158,259 193,252 226,651 237 2.00 1.59 135 245
Réunion 724 837 931 1,009 1.45 1.06 0.80 288 402
Rwanda 7958 10,277 13,233 16,104 256 253 1.96 302 611
Saint Helena? 5 4 4 5 223 0.00 223 4 38
Sio Tomé and Principe 140 165 197 234 1.64 1.77 1.72 145 242
Senegal 9,902 12,861 16,197 19,541 261 231 1.88 50 99
Seychelles 8l 85 89 93 048 0.46 0.44 178 205
Sierra Leone 4228 5836 7318 8,943 3 226 201 59 125
Somalia 73% 9,359 12,246 15,744 236 2.69 251 12 25
South Africa 44872 50,492 52,671 54726 .18 042 0.38 37 45
Sudan 34,904 43,192 52,309 60,995 2.13 1.92 1.54 14 24
Swaziland 1,080 1,202 1,376 1,524 1.07 1.35 1.02 62 88
Togo 5,247 6,780 8,445 10,115 256 220 1.80 9 178
Tunisia 9,452 10,374 11,366 12,127 093 091 0.65 58 74
Uganda 24,433 33,7% 46,319 60,819 324 3.15 272 101 252
United Republic of Tanzania 34,131 45,040 59,603 75,498 277 280 236 36 80
Western Sahara 315 530 723 819 520 3.1 125 | 3
Zambia 10,467 13,257 16,916 20,889 236 244 211 14 28
Zimbabwe 12,455 12,644 15,571 17917 0.15 2.08 140 32 46
ASIA
Afghanistan 20,536 29,117 39,585 50,649 349 3.07 246 3l 78
Armenia 3,076 3,090 3,175 3,170 0.05 0.27 -0.02 103 106
Azerbaijan 8121 8934 9,838 10,323 0.95 0.96 048 94 19
Bahrain 650 807 953 1,085 2.16 1.66 130 937 1,564
Bangladesh 140,767 164,425 185,552 203,214 1.55 121 091 978 1411
Bhutan 561 708 820 902 233 1.47 0.95 12 19
Brunei Darussalam 333 407 478 547 201 1.6l 135 58 95
Cambodia 12,760 15,053 17,707 20,100 1.65 1.62 127 70 11
China® 1,266,954 1,354,146 1,431,155 1,462,468 0.67 0.55 0.22 132 152
China, Hong Kong SAR* 6,667 7,069 7,701 8,185 0.59 0.86 061 6,066 7,448
China, Macao SAR® 441 548 588 611 217 0.70 0.38 16,958 23,507
Cyprus 787 880 970 1,053 1.12 097 0.82 85 114
Democratic People's Republic of Korea 22,859 23,991 24,802 25,301 0.48 0.33 0.20 190 210
Georgia 4745 4219 3982 3779 -1.17 -0.58 -0.52 68 54
India 1,042,590 1,214,464 1,367,225 1,484,598 1.53 .18 0.82 317 452
Indonesia 205,280 232517 254218 271,485 125 0.89 0.66 108 143
Iran (Islamic Republic of) 66,903 75,078 83,740 89,936 I.I5 1.09 0.71 41 55

Iraq 24,652 31,467 40,228 48,909 244 246 1.95 56 112
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Estimates and projections Rate of change Population density
('000) (%) (people/km?)
2000 2010 2020 2030 2000-2010 2010-2020 2020-2030 2000 2030
Israel 6,084 7,285 8307 9219 1.80 1.31 1.04 275 416
Japan 126,706 126,995 123,664 117,424 0.02 027 -0.52 335 311
Jordan 4853 6,472 7519 8616 2.88 1.50 136 54 96
Kazakhstan 14,957 15,753 16,726 17,244 0.52 0.60 0.30 5 6
Kuwait 2,228 3,051 3,690 4273 314 1.90 1.47 125 240
Kyrgyzstan 4,955 5,550 6,159 6,543 113 1.04 0.60 25 33
Lao People's Democratic Republic 5,403 6,436 7,651 8854 1.75 1.73 1.46 23 37
Lebanon 372 4,255 4,587 4858 120 0.75 0.57 363 467
Malaysia 23274 27914 32017 35275 1.82 137 0.97 71 107
Maldives 272 314 362 403 |.44 142 1.07 914 1,352
Mongolia 2,389 2,701 3,002 3236 123 1.06 0.75 2 2
Myanmar 46,610 50,496 55,497 59,353 0.80 0.94 0.67 69 88
Nepal 24432 29,853 35,269 40,646 2.00 1.67 142 166 276
Occupied Palestinian Territory 3,149 4,409 5,806 7320 337 275 232 523 1216
Oman 2,402 2,905 3,495 4,048 1.90 1.85 1.47 8 13
Pakistan 148,132 184,753 226,187 265,690 221 202 1.61 186 334
Philippines 77,689 93,617 109,683 124,384 1.86 1.58 126 259 415
Qatar 617 1,508 1,740 1,951 894 143 1.14 56 177
Republic of Korea 46,429 48,501 49,475 49,146 044 0.20 -0.07 466 494
Saudi Arabia 20,808 26,246 31,608 36,545 232 1.86 1.45 10 17
Singapore 4018 4837 5219 5,460 1.86 0.76 0.45 5,883 7,994
Sri Lanka 18,767 20,410 21,713 22,194 0.84 0.62 0.22 286 338
Syrian Arab Republic 16,511 22,505 26,475 30,560 3.10 1.62 143 89 165
Tajikistan 6,173 7,075 8,446 9,618 136 1.77 1.30 43 67
Thailand 62,347 68,139 71,443 73,462 0.89 0.47 0.28 122 143
Timor-Leste 815 1,171 1,618 2,125 3.62 3 273 55 143
Turkey 66,460 75,705 83,873 90,375 130 1.02 0.75 85 115
Turkmenistan 4,502 5177 5816 6,276 1.40 I.16 0.76 9 13
United Arab Emirates 3238 4,707 5,660 6,555 374 1.84 147 39 78
Uzbekistan 24776 27,794 31,185 33933 115 115 0.84 55 76
Viet Nam 78,663 89,029 98,011 105,447 124 0.96 0.73 237 318
Yemen 18,182 24,256 31,635 39,350 2.88 2.66 2.18 34 75
EUROPE
Albania 3,068 3,169 3,338 3416 032 0.52 023 107 19
Andorra 66 87 100 113 276 139 122 142 242
Austria 8,005 8387 8539 8,637 047 0.18 0.11 95 103
Belarus 10,054 9,588 9,112 8,564 047 -0.51 -0.62 48 4
Belgium 10,193 10,698 11,048 11,303 048 0.32 0.23 334 370
Bosnia and Herzegovina 3,694 3,760 3,677 3,520 0.18 -0.22 -0.44 72 69
Bulgaria 8,006 7497 7017 6,469 -0.66 -0.66 0.8l 72 58
Channel Islands® 147 150 151 151 0.20 0.07 0.00 752 776
Croatia 4,505 4410 4318 4,180 021 <021 032 80 74
Czech Republic 10,224 10411 10,568 10,520 0.18 0.15 -0.05 130 133
Denmark 5335 5481 5,557 5616 0.27 0.14 0.11 124 130
Estonia 1,370 1,339 1,333 1,301 023 -0.04 024 30 29
Faeroe Islands 46 50 53 56 083 0.58 0.55 33 40
Finland” 5173 5,346 5,496 5,544 033 0.28 0.09 15 16
France 59,128 62,637 64,931 66,474 0.58 036 0.23 107 121
Germany 82,075 82,057 80,422 77,854 0.00 <020 -0.32 230 218
Gibraltar 29 3l 32 31 0.67 0.32 032 4818 5,240
Greece 10,942 11,183 11,284 11,234 0.22 0.09 -0.04 83 85
Holy See® | | | | 0.00 0.00 0.00 1,789 1,739
Hungary 10215 9,973 9,766 9,509 024 021 027 110 102
Iceland 281 329 370 392 1.58 1.17 0.58 3 4
Ireland 3,804 4,589 5,145 5573 1.88 I.14 0.80 54 79
Isle of Man 77 80 8l 80 038 0.12 0.12 134 140
Italy 57,116 60,098 60,408 59,549 051 0.05 -0.14 190 198
Latvia 2,374 2,240 2,153 2,049 -0.58 -0.40 -0.50 37 kY]
Liechtenstein 3 36 39 42 0.87 0.80 0.74 205 259
Lithuania 3,501 3,255 3,058 2,909 0.73 -0.62 -0.50 54 45
Luxembourg 437 49 550 615 I.19 1.1 1.12 169 238
Malta 389 410 422 427 053 0.29 0.12 1,231 1,351
Moldova 4,100 3,576 3378 3,182 -1.37 -0.57 -0.60 121 94
Monaco 32 3 34 35 031 0.30 0.29 21,478 23,738
Montenegro 661 626 631 634 -0.54 0.08 0.05 48 46
Netherlands 15915 16,653 17,143 17,498 045 0.29 0.20 383 41
Norway’ 4,484 4855 5,200 5518 0.79 0.69 0.59 12 14
Poland 38433 38,038 37,497 36,187 -0.10 -0.14 -0.36 119 12
Portugal 10,226 10,732 10,767 10,620 048 0.03 -0.14 11 15
Romania 22,138 21,190 20,380 19,489 044 -0.39 -0.45 93 82
Russian Federation 146,670 140,367 135,406 128,864 -0.44 -0.36 -0.50 9 8
San Marino 27 32 3 33 1.70 031 0.00 442 548
Serbia 10,134 9,856 9,783 9,644 -0.28 -0.07 -0.14 115 109
Slovakia 5379 5412 5442 5,348 0.06 0.06 0.17 110 109
Slovenia 1,985 2,025 2,053 2,037 0.20 0.14 -0.08 98 101
Spain 40,264 45317 48,564 49,772 118 0.69 0.25 80 98
Sweden 8,860 9,293 9713 10,076 048 0.44 0.37 20 22
Switzerland 7,184 7,595 7879 8,148 0.56 0.37 0.34 174 197
TFYR Macedonia'® 2012 2,043 2,046 2016 0.15 001 -0.15 78 78
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Estimates and projections Rate of change Population density
('000) (%) (people/km?)

2000 2010 2020 2030 2000-2010 2010-2020 2020-2030 2000 2030
Ukraine 48,870 45,433 42,945 40,188 0.73 -0.56 -0.66 8l 67
United Kingdom 58,907 61,899 65,090 67,956 0.50 0.50 043 243 280
LATIN AMERICA AND THE CARIBBEAN
Anguilla I 15 18 19 3.10 1.82 0.54 123 207
Antigua and Barbuda 77 89 97 105 1.45 0.86 0.79 175 237
Argentina 36,939 40,666 44304 47,255 0.96 0.86 0.64 13 17
Aruba 91 107 11 112 1.62 0.37 0.09 504 625
Bahamas 305 346 384 418 1.26 1.04 0.85 22 30
Barbados 252 257 262 260 0.20 0.19 -0.08 585 606
Belize 252 313 375 430 217 1.81 1.37 I 19
Bolivia 8317 10,031 11,638 13,034 1.87 149 113 8 12
Brazil 174,174 195,423 209,051 217,146 I.I5 0.67 0.38 20 26
British Virgin Islands 21 2 25 27 091 0.83 0.77 136 178
Cayman Islands 40 57 6l 65 3.54 0.68 0.64 153 246
Chile 15419 17,135 18,639 19,779 1.06 0.84 0.59 20 26
Colombia 39,773 46,300 52,278 57,264 1.52 121 091 35 50
Costa Rica 3931 4,640 5,250 5762 1.66 124 0.93 77 113
Cuba 11,087 11,204 11,193 11,019 0.10 -0.01 0.16 100 99
Dominica 68 67 67 69 -0.15 0.00 0.29 91 91
Dominican Republic 8,830 10,225 11,451 12,431 1.47 113 0.82 182 256
Ecuador 12,310 13,775 15,376 16,679 1.12 1.10 081 43 59
El Salvador 5,945 6,194 6,618 7177 041 0.66 08I 283 341
Falkland Islands (Malvinas) 3 3 3 3 0.00 0.00 0.00 0 0
French Guiana 165 231 292 354 336 234 1.93 2 4
Grenada 101 104 108 108 0.29 0.38 0.00 294 315
Guadeloupe 429 467 484 492 0.85 0.36 0.16 252 288
Guatemala 11,231 14,377 18,091 21,692 247 230 1.82 103 199
Guyana 756 761 745 714 0.07 021 043 4 3
Haiti 8,648 10,188 11,722 13,196 1.64 1.40 118 312 476
Honduras 6,230 7616 9,136 10,492 201 1.82 1.38 56 94
Jamaica 2,568 2,730 2,834 2,873 0.61 0.37 0.14 234 261
Martinique 385 406 415 418 0.53 0.22 0.07 349 379
Mexico 99,531 110,645 119,682 126,457 1.06 0.79 0.55 51 65
Montserrat 5 6 6 7 1.82 0.00 1.54 49 66
Netherlands Antilles 181 201 210 209 1.05 0.44 -0.05 226 262
Nicaragua 5101 5822 6,682 7,387 1.32 1.38 1.00 39 57
Panama 2,951 3,508 4027 4488 1.73 1.38 1.08 39 59
Paraguay 5,350 6,460 7533 8483 1.89 1.54 1.19 13 21
Peru 26,004 29,496 32,881 36,006 1.26 1.09 091 20 28
Puerto Rico 3819 3,998 4,135 4,195 0.46 0.34 0.14 430 473
Saint Kitts and Nevis 46 52 59 64 123 126 08l 176 244
Saint Lucia 157 174 190 204 1.03 0.88 071 292 378
Saint Vincent and the Grenadines 108 109 110 113 0.09 0.09 0.27 278 290
Suriname 467 524 568 602 I.I5 08l 0.58 3 4
Trinidad and Tobago 1,295 1,344 1,384 1,382 037 0.29 -0.01 252 269
Turks and Caicos Islands 19 33 36 39 5.52 0.87 0.80 44 90
United States Virgin Islands 109 109 106 9 0.00 -0.28 -0.68 313 284
Uruguay 3321 3372 3493 3,588 0.15 035 0.27 19 21
Venezuela (Bolivarian Republic of) 24,408 29,044 33412 37,145 1.74 1.40 1.06 27 41
NORTHERN AMERICA
Bermuda 63 65 66 66 031 0.15 0.00 1,186 1,243
Canada 30,687 33,890 37,101 40,096 0.99 091 0.78 3 4
Greenland 56 57 57 55 0.18 0.00 -0.36 0 0
Saint-Pierre-et-Miquelon 6 6 6 6 0.00 0.00 0.00 26 25
United States of America 287,842 317,641 346,153 369,981 0.9 0.86 0.67 30 38
OCEANIA
American Samoa 58 69 80 9l 1.74 1.48 1.29 290 460
Australia!' 19,171 21,512 23,675 25,656 115 0.96 0.80 2 3
Cook Islands 18 20 21 22 1.05 049 047 74 93
Fiji 802 854 888 918 0.63 0.39 033 44 50
French Polynesia 236 272 304 329 1.42 1.1 0.79 59 82
Guam 155 180 201 220 1.50 I.10 0.90 283 401
Kiribati 84 100 115 131 1.74 1.40 130 Ié 180
Marshall Islands 52 63 75 83 1.92 1.74 1.01 288 457
Micronesia (Federated States of) 107 11 118 125 0.37 0.61 0.58 153 178
Nauru 10 10 I I 0.00 0.95 0.00 478 527
New Caledonia 215 254 288 318 1.67 1.26 0.99 12 17
New Zealand 3,868 4303 4,669 4972 1.07 0.82 0.63 14 18
Niue 2 | | | -6.93 0.00 0.00 7 4
Northern Mariana Islands 69 88 104 19 243 1.67 1.35 149 256
Palau 19 21 2 25 1.00 0.47 128 Ly} 53
Papua New Guinea 5,388 6,888 8,468 10,058 246 207 1.72 12 22
Pitcairn 0 0 0 0 0.00 0.00 0.00 12 I
Samoa 177 179 184 191 0.11 0.28 0.37 62 68
Solomon Islands 416 536 662 788 253 211 1.74 14 27
Tokelau 2 | | | -6.93 0.00 0.00 128 101
Tonga 9 104 108 15 0.49 0.38 0.63 152 178



2 O 2 Cities and Climate Change

TABLEB.|

continued
Estimates and projections Rate of change Population density
('000) (%) (people/km?)
2000 2010 2020 2030 2000-2010 2010-2020 2020-2030 2000 2030
Tuvalu 10 10 10 I 0.00 0.00 0.95 367 419
Vanuatu 190 246 307 369 2.58 y¥i) 1.84 16 30
Wallis and Futuna Islands 15 15 17 17 0.00 1.25 0.00 73 85

Sources: United Nations Department of Economic and Social Affairs, Population Division (2010) World Urbanization Prospects:The 2009 Revision, United Nations, New York; United Nations Department of Economic and Social
Affairs, Population Division (2009) World Population Prospects:The 2008 Revision, United Nations, New York.

Notes:

(1) Including Agalega, Rodrigues, and Saint Brandon.

2) Including Ascension, and Tristan da Cunha.
) For statistical purposes, the data for China do not include Hong Kong and Macao, Special Administrative Regions (SAR) of China.
) As of | July 1997, Hong Kong became a Special Administrative Region (SAR) of China.
) As of 20 December 1999, Macao became a Special Administrative Region (SAR) of China.
) Refers to Guernsey and Jersey.
) Including Aland Islands.

) Refers to the Vatican City State.

) Including Svalbard and Jan Mayen Islands.

0) The former Yugoslav Republic of Macedonia.

1) Including Christmas Island, Cocos (Keeling) Islands, and Norfolk Island.

(
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TABLE B.2

Urban and Rural Population Size and Rate of Change

Urban population Rural population
Estimates and projections Rate of change Estimates and projections Rate of change
(1000) (%) (°000) (%)
2000 2010 2020 2030 2000-  2010-  2020- 2000 2010 2020 2030 2000-  2010-  2020-
2010 2020 2030 2010 2020 2030

AFRICA
Algeria 18246 23555 29,194 34097 255 215 1.55 12,260 11,868 11,436 10630 -0.32 037 0.73
Angola 6,995 11,112 16,184 21,784 463 376 297 7,284 7,881 8323 8631 079 0.55 0.36
Benin 2,553 3873 5751 8275 417 395 364 4,107 5339 6,426 7124 262 1.85 1.03
Botswana 917 1,209 1,506 1,769 276 220 1.61 806 769 m 665 047 -0.63 -0.82
Burkina Faso 2,083 4,184 7523 11958 697 5.87 463 9,593 12,103 14,348 15982 232 1.70 1.08
Burundi 536 937 1,524 2362 559 486 438 5937 7,582 8,794 9,574 245 1.48 0.85
Cameroon 7910 11,655 15,941 20304 388 313 242 7,955 8303 8,408 8298 043 0.13 0.13
Cape Verde 235 313 394 468 287 230 1.72 204 199 190 177 025 -0.46 0.71
Central African Republic 1,410 1,755 2,268 2978 219 256 272 2,336 2,751 3,072 171 le4 1.10 0.32
Chad 1,964 3,179 5,054 7843 482 464 439 6,438 8328 9,843 11,174 257 1.67 127
Comoros 155 195 259 35 230 284 3.8 397 496 580 619 223 1.56 0.65
Congo 1,770 2,335 3,118 3883 277 289 2.19 1,265 1,424 1,582 1,59 118 1.05 0.09
Céte d'lvoire 7,524 10,906 15574 20873 371 356 293 9,757 10,664 11,380 11,678 089 0.65 0.26
Democratic Republic of the Congo 15168 23887 36834 53382 454 433 371 35662 43940 50806 55212 209 145 0.83
Dijibouti 555 670 798 956 188 175 1.81 175 209 230 237 178 0.96 0.30
Egypt 30032 36664 45301 56,477 2.00 212 221 40,142 47810 53336 54430 175 1.09 0.20
Equatorial Guinea 205 275 379 527 294 321 330 324 418 496 540 255 171 0.85
Eritrea 650 1,127 1,845 2,780 550 493 4.10 3,007 4,097 4,874 5305 3.09 1.74 0.85
Ethiopia 9,762 14158 20,800 31383 372 385 411 55,753 70818 87,165 100,178 239 208 139
Gabon 989 1,292 1,579 1,853 267 201 1.60 245 210 200 192 -1.54 049 041
Gambia 639 1,018 1,449 1943 466 353 293 663 733 79 793 1.00 061 0.18
Ghana 8,584 12,524 17274 22565 378 i 267 10,945 11,808 12,293 12319 076 0.40 0.02
Guinea 2,603 3,651 5,580 8219 338 424 387 5781 6,673 7,887 8678 143 1.67 0.96
Guinea-Bissau 387 494 678 979 244 317 3.67 917 1,153 1,387 1,557 229 1.85 1.16
Kenya 6,204 9,064 13826 20884 379 422 4.12 25237 31,799 38208 42315 23l 1.84 1.02
Lesotho 377 560 775 999 3.9 325 254 1,511 1,524 1,469 1,360 0.09 037 0.77
Liberia 1,252 1,961 2,739 3725 449 334 3.07 1,572 2,141 2514 2,745 3.09 1.61 0.88
Libyan Arab Jamahiriya 4,083 5,098 6,181 7060 222 1.93 133 1,263 1,447 1,517 1459 136 047 039
Madagascar 4,143 6,082 8,953 13,048 384 387 377 11,132 14,064 16,734 18,480 234 1.74 0.99
Malawi 1,796 3,102 5240 8395 546 524 471 10,036 12,590 15,297 17502 227 1.95 135
Mali 2,982 4771 7325 10491 471 427 359 7,541 8,546 9,442 9976  1.25 1.00 0.55
Mauritania 1,041 1,395 1,859 2478 293 287 287 1,563 1,971 2232 2313 23 124 0.36
Mauritius' 510 542 595 681 06l 0.93 1.35 685 754 77 738 096 0.30 -0.51
Mayotte 71 100 129 168 342 255 264 78 99 121 134 238 201 1.02
Morocco 15,375 18859 23,158 27,157 204 2.05 1.59 13,452 13,523 13,042 12,102 005 0.36 0.75
Mozambique 5,601 8,996 13,208 18,199 474 384 321 12,649 14,410 15338 15695 130 0.62 0.23
Namibia 590 840 1,161 1,541 353 324 283 1,234 1,372 1,453 1452 1.06 0.57 -0.01
Niger 1,785 2719 4417 7641 421 485 5.48 9,246 13,173 18529 24922 354 34l 296
Nigeria 53078 78818 109859 144116 395 332 271 71,765 7944 83394 82534 102 049 -0.10
Réunion 650 787 891 972 191 124 0.87 73 50 40 37 378 223 0.78
Rwanda 1,096 1,938 2,993 4550  5.70 435 419 6,862 8340 10,241 11,554 1.95 2.05 121
Saint Helena® 2 2 2 2 000 0.00 0.00 3 3 3 2 000 0.00 -4.05
Sao Tomé and Principe 75 103 136 173 317 278 24| 65 62 6l 61 -047 -0.16 0.00
Senegal 3,995 5450 7524 10269 3.1 i 31 5,907 7410 8,673 9273 227 1.57 0.67
Seychelles 41 47 54 62 137 139 1.38 40 38 35 31051 -0.82 -1.21
Sierra Leone 1,501 2,24 3,134 4384 401 335 336 2727 3,595 4,184 4559 276 1.52 0.86
Somalia 2458 3,505 5,268 7851 355 407 399 4936 5,854 6,978 7893 171 1.76 123
South Africa 25528 31,155 35060 39032 199 1.18 1.07 19,344 19,338 17,611 15694 0.00 -0.94 -1.15
Sudan 11,661 17322 24804 33267 3.9 359 294 23243 25871 27505 27,728 107 061 0.08
Swaziland 244 257 307 400 052 178 265 835 945 1,069 1,125 124 123 051
Togo 1917 2,945 4261 5795 429 3.69 3.07 3331 3835 4,183 4319 141 0.87 0.32
Tunisia 5,996 6,980 8,096 9115 152 148 119 3456 339% 3270 3012 -0.18 037 -0.82
Uganda 2,952 4493 7,381 12503 420 496 527 21,481 29,303 38939 48315 3l 284 216
United Republic of Tanzania 7614 11,883 18945 29,190 445 4.66 432 26517 33,157 40,658 46308 223 204 130
Western Sahara 264 434 606 704 497 334 1.50 51 9% 116 115 633 1.89 -0.09
Zambia 3,643 4733 6,584 9340 262 330 350 6,824 8524 10,332 11,549 222 1.92 1.1
Zimbabwe 4,205 4,837 6,839 9,086 140 346 284 8251 7,807 8732 8832 -0.55 112 0.11
ASIA
Afghanistan 4,148 6,581 10,450 16296 462 4.62 444 16388 22,537 29,134 34353 3.9 257 1.65
Armenia 1,989 1,984 2,087 2,186 -0.03 051 046 1,087 1,107 1,088 983 0.8 -0.17 -1.01
Azerbaijan 4,158 4,639 5332 6044 1.09 139 1.25 3964 4294 4,506 4279 080 0.48 -0.52
Bahrain 574 715 852 984 220 1.75 .44 76 92 101 102 191 0.93 0.10
Bangladesh 33208 46,149 62886 83408 329 3.09 282 107,559 118276 122,667 119,807  0.95 0.36 0.24
Bhutan 143 246 348 451 542 347 259 419 463 472 451 1.00 0.19 -0.46
Brunei Darussalam 237 308 379 450 262 207 1.72 9 99 99 97 03l 0.00 -0.20
Cambodia 2,157 3,027 4214 5870 339 331 331 10,603 12,026 13,493 14230  1.26 115 0.53
China? 453,029 635839 786,761 905449 339 213 1.41 813925 718307 644394 557019 -1.25 -1.09 -1.46
China, Hong Kong SAR* 6,667 7,069 7,701 8185 059 0.86 061 — — — - = — —
China, Macao SAR® 44| 548 588 6l 217 0.70 038 — — — - - — —
Cyprus 540 619 705 97 137 130 1.23 247 261 265 25 055 0.15 035
Democratic People's Republic of Korea 13,581 14,446 15413 16,633 0.62 0.65 076 9,278 9,545 9,389 8668 0.8 0.16 -0.80
Georgia 2,498 2,225 2,177 2218 -6 0.22 0.19 2,47 1,994 1,806 1,561 -1.19 -0.99 -1.46
India 288430 364459 463,328 590091 234 240 242 754,160 850,005 903,896 894507  1.20 061 -0.10
Indonesia 86,219 102,960 122257 145776 |77 1.72 1.76 119,061 129,557 131,961 125709  0.84 0.18 -0.49

Iran (Islamic Republic of) 42,952 53,120 63,596 71,767 212 1.80 121 23951 21,958 20,145 18,169  -0.87 -0.86 -1.03
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Urban population Rural population
Estimates and projections Rate of change Estimates and projections Rate of change
(°000) (%) ('000) (%)
2000 2010 2020 2030 2000-  2010-  2020- 2000 2010 2020 2030 2000-  2010-  2020-
2010 2020 2030 2010 2020 2030

Iraq 16722 20822 26772 33930 219 251 237 7,931 10,644 13,455 14979 294 234 1.07
Israel 5,563 6,692 7,673 8583  1.85 137 112 521 594 634 636 131 0.65 0.03
Japan 82633 84875 85848 85700 027 0.1 -0.02 44073 42120 37817 31,724 -045 -1.08 -1.76
Jordan 3,798 5,083 5,998 7063 291 1.66 1.63 1,055 1,390 1,520 1,554 276 0.89 0.22
Kazakhstan 8417 9,217 10417 11,525 091 122 1.01 6,539 6,537 6,309 5718  0.00 0.36 -0.98
Kuwait 2,188 3,001 3,637 4218 316 1.92 1.48 40 49 53 55 203 0.78 0.37
Kyrgyzstan 1,744 1918 2,202 2625 095 138 1.76 3211 3,633 3,957 3918 123 0.85 .10
Lao People's Democratic Republic 1,187 2,136 3,381 4699  5.88 459 329 4216 4300 4269 4,15 020 007 027
Lebanon 3244 3712 4,065 4374 135 091 0.73 528 543 522 484 028 039 0.76
Malaysia 14424 20,146 25128 28999 334 221 143 8,849 7,768 6,889 6277 -130 -1.20 0.93
Maldives 75 126 186 242 519 3.89 263 197 188 175 61 -047 0.72 083
Mongolia 1,358 1,675 2010 2316 210 1.82 142 1,031 1,026 992 920 -0.05 0.34 0.75
Myanmar 12,956 16990 22570 28545 271 284 235 33654 33505 32927 30808 -0.04 0.17 0.67
Nepal 3,281 5,559 8739 12902 527 452 3.90 21,150 24294 26529 27,744 139 0.88 0.45
Occupied Palestinian Territory 2,267 3,269 4447 5810  3.66 3.08 267 883 1,140 1,359 1,510 255 1.76 1.05
Oman 1,719 2,12 2,645 3184 201 220 1.85 683 783 850 864 137 0.82 0.16
Pakistan 49,088 66318 90,199 121218 3.0l 3.08 2.96 99,045 118435 135987 144472 179 1.38 0.61
Philippines 37283 4578l 57657 72555  2.05 231 230 40406 47836 52026 51829 169 0.84 -0.04
Qatar 586 1,445 1,679 1,891 9.03 1.50 119 3l 63 62 60  7.09 0.16 033
Republic of Korea 36967 40235 42362 43,086  0.85 0.52 0.17 9,462 8,265 7113 6,060 -1.35 -1.50 -1.60
Saudi Arabia 16,615 21,541 26617 31516 260 212 1.69 4,193 4,705 4,991 5030 LIS 0.59 0.08
Singapore 4018 4,837 5219 5460 186 0.76 0.45 — — — - = — —
Sri Lanka 2,971 2,921 3,360 4339 -0.17 1.40 256 15,796 17,489 18,353 17855  1.02 0.48 028
Syrian Arab Republic 8,577 12,545 15,948 19976  3.80 240 225 7,934 9,961 10,527 10584 228 0.55 0.05
Tajikistan 1,635 1,862 2,364 20 130 239 278 4538 5213 6,083 6497 139 1.54 0.66
Thailand 19417 23,1492 27800 33624 176 1.83 1.90 42930 44997 43643 39838 047 031 091
Timor-Leste 198 329 538 848 5.8 492 455 617 842 1,080 1277 3.1 249 1.68
Turkey 43027 52728 62,033 70247 2.03 1.63 124 23,433 22977 21,840 20,128 -0.20 -0.51 0.82
Turkmenistan 2,062 2,562 3,175 3793 217 2.15 1.78 2,440 2614 2,642 2483 069 0.11 0.62
United Arab Emirates 2,599 3,956 4915 581 420 217 1.69 639 751 745 735 162 -0.08 0.14
Uzbekistan 9,273 10,075 11,789 14500 083 1.57 207 15,502 17,720 19,396 19433 1.34 0.90 0.02
Viet Nam 19263 27,046 36269 46585 339 293 2.50 59,400 61,983 61,743 58862 043 -0.04 -0.48
Yemen 4776 7714 12,082 17844 479 449 3.90 13,406 16,542 19,553 21,506 2.10 1.67 0.95
EUROPE
Albania 1,280 1,645 2,027 2301 251 2.09 127 1,787 1,524 1,311 LIS -159 -1.51 -1.62
Andorra 6l 76 85 9% 220 1.12 1.22 5 10 15 17 693 4.05 125
Austria 5,267 5,666 6,003 6372 073 0.58 0.60 2,738 272 2,537 2265 -0.06 -0.70 -1.13
Belarus 7,030 7,162 7219 7070 0.9 0.08 <021 3,023 2426 1,894 1494 220 248 237
Belgium 9,899 10,421 10,792 11,070 05l 0.35 025 294 277 256 233 -0.60 0.79 0.94
Bosnia and Herzegovina 1,597 1,828 2,028 2,170 135 1.04 0.68 2,097 1,932 1,648 1349 -0.82 -1.59 -2.00
Bulgaria 5516 5,357 5215 5012 -029 027 -0.40 2,490 2,140 1,802 1,456 -1.51 -1.72 213
Channel Islands® 45 47 52 59 043 101 126 102 103 100 92 0.0 -0.30 -0.83
Croatia 2,504 2,546 2,657 2,781 0.17 043 0.46 2,001 1,864 1,661 1,399 071 -1.15 -1.72
Czech Republic 7,565 7,656 7,929 8202 0.12 0.35 0.34 2,660 2,755 2,639 2318 035 043 -1.30
Denmark 4,540 4761 4923 5058 048 033 0.27 795 720 634 558 -0.99 -1.27 -1.28
Estonia 951 931 942 955 021 0.12 0.14 419 409 390 347 024 -0.48 =117
Faeroe Islands 17 20 23 26 163 1.40 123 29 30 k]l 30 034 0.33 033
Finland” 4252 4,549 4,805 4947 0.68 0.55 0.29 k203 797 691 597 -146 -1.43 -1.46
France 45466 53398 58267 61,043  l6l 0.87 0.47 13,662 9,238 6,664 5431 391 327 -2.05
Germany 59970 60598 60827 60993 0.10 0.04 0.03 22,105 21,458 19,595 16862 -0.30 091 -1.50
Gibraltar 29 3l k7] 3067 0.32 032 — — — - — — —
Greece 6,537 6,868 7,307 7,785 049 0.62 0.63 4,406 4315 3977 3449 021 -0.82 -1.42
Holy See® | | | I 000 0.00 0.00 — — — - = — —
Hungary 6,596 6,791 7001 7,180 029 0.32 0.24 3619 3,182 2,755 2329 -129 -1.44 -1.68
Iceland 260 308 349 372 169 125 0.64 21 22 21 20 047 047 -0.49
Ireland 2,250 2,842 3370 3889 234 1.70 143 1,554 1,747 1,775 1,684 117 0.16 -0.53
Isle of Man 40 41 41 43025 0.00 0.48 37 40 39 37078 -0.25 -0.53
Italy 38395 41,083 42840 44395 068 0.42 0.36 18,721 19,015 17,569 15154 0.l6 0.79 -1.48
Latvia 1,616 1,517 1471 1,453 -0.63 031 0.12 758 23 681 59  -047 -0.60 -1.33
Liechtenstein 5 5 6 7 000 1.82 |.54 28 3l 3 4 102 0.63 0.30
Lithuania 2,345 2,181 2,09 2,080 -0.73 -0.40 -0.08 1,156 1,075 962 88 073 -1 -1.50
Luxembourg 366 419 480 547 135 136 1.31 71 73 70 67 028 042 -0.44
Malta 359 388 405 413 078 043 0.20 30 2 17 14310 -2.58 -1.94
Moldova 1,828 1,679 1,833 1,938 -0.85 0.88 0.56 2272 1,897 1,546 1,244 -1.80 -2.05 217
Monaco 32 3 34 3% 031 0.30 029 — — — - = — —
Montenegro 387 384 394 417 -0.08 0.26 057 274 241 237 217 -128 0.17 0.88
Netherlands 12222 13,799 14,824 15501 121 0.72 045 3,692 2,854 2319 1,997 257 -2.08 -1.49
Norway’ 3411 3,856 4297 4700 123 1.08 0.90 1,073 1,000 903 818 -0.70 -1.02 0.99
Poland 23719 23187 23135 23481 023 -0.02 0.15 14714 14,851 14,362 12,705 0.09 033 -1.23
Portugal 5,563 6515 7,148 7585 158 0.93 0.59 4,663 4218 3619 3034 -1.00 -1.53 -1.76
Romania 11,734 12,177 12,839 13296 037 0.53 0.35 10,404 9,013 7,541 6192 -1.44 -1.78 -1.97
Russian Federation 107,582 102,702 100892 99,153 -046 0.18 0.17 39,088 37,665 34513 29711 037 -0.87 -1.50
San Marino 25 30 k]l 2 18 0.33 0.32 2 2 2 2 000 0.00 0.00
Serbia 5369 5,525 5871 6252 029 0.61 0.63 4,765 4331 3911 3392 -0.95 -1.02 -1.42
Slovakia 3,025 2975 3,031 3,168 -0.17 0.19 0.44 2,354 2437 2411 2,179 035 0.1 -1.01
Slovenia 1,008 1,002 1,035 1,110 -0.06 0.32 0.70 978 1,022 1,018 927 044 -0.04 0.94
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TABLE B.2

continued
Urban population Rural population
Estimates and projections Rate of change Estimates and projections Rate of change
(°000) (%) (000) (%)
2000 2010 2020 2030 2000-  2010-  2020- 2000 2010 2020 2030  2000-  2010-  2020-
2010 2020 2030 2010 2020 2030

Spain 30,707 35,073 38542 40774 133 0.94 0.56 9,558 10,243 10,021 8998 0.9 022 -1.08
Sweden 7,445 7,870 8333 8799 056 0.57 0.54 1,415 1,424 1,380 1277 0.06 031 0.78
Switzerland 5,268 5591 5922 6336  0.60 0.58 0.68 1917 2,003 1,957 1812 044 0.23 0.77
TFYR Macedonia'® 1,194 1,212 1,260 1,331 0.5 0.39 0.55 818 831 785 685 0.6 -0.57 -1.36
Ukraine 32814 31252 30860 30243 049 .13 020 16,056 14,181 12,085 9946  -1.24 -1.60 -1.95
United Kingdom 46,331 49295 53,001 56901 0.62 0.72 071 12,576 12,604 12,089 11,055 0.02 042 -0.89
LATIN AMERICA AND THE CARIBBEAN
Anguilla 1 15 18 19 310 1.82 0.54 - - — - - - -
Antigua and Barbuda 25 27 32 40 077 1.70 223 52 62 66 65 176 0.63 0.15
Argentina 33291 37572 41,554 44726 121 101 0.74 3,648 3,093 2,750 2529 -1.65 -1.18 -0.84
Aruba 4 50 54 59 174 0.77 0.89 48 57 57 53 172 0.00 0.73
Bahamas 250 291 331 367 152 129 1.03 55 55 54 51 0.00 -0.18 -0.57
Barbados 97 114 134 151 L6l 1.62 119 155 142 128 110 -0.88 -1.04 -1.52
Belize 120 164 213 268 312 26l 230 131 149 161 162 129 0.77 0.06
Bolivia 5143 6,675 8265 9799 26l 2.14 1.70 3,174 3,356 3373 3235 056 0.05 -0.42
Brazil 141,416 169,098 187,104 197874 179 101 0.56 32759 26326 21,947 19272 -2.19 -1.82 -1.30
British Virgin Islands 8 10 1 14 223 0.95 241 12 14 14 13 154 0.00 0.74
Cayman Islands 40 57 61 65 354 0.68 0.64 — — — - = — —
Chile 13252 15,251 16,958 18247 140 1.06 073 2,167 1,884 1,681 1,532 -140 -1.14 -0.93
Colombia 28666 34758 40800 46357 193 1.60 1.28 11,107 11,542 11,478 10907 038 -0.06 -0.51
Costa Rica 2,321 2,989 3,643 4259 253 1.98 1.56 1,610 1,651 1,607 1,503 025 027 -0.67
Cuba 8,382 8429 8,462 8550  0.06 0.04 0.10 2,705 2,776 2,732 2469 026 -0.16 -1.01
Dominica 46 45 47 50 -022 043 0.62 2 2 21 18 000 -0.47 -1.54
Dominican Republic 5452 7,074 8,560 9793 260 191 1.35 3378 3,151 2,890 2638 -0.70 -0.86 091
Ecuador 7423 9,222 11,152 12813 217 1.90 1.39 4,887 4,553 4223 3866 -071 0.75 -0.88
El Salvador 3,503 3983 4,583 5287 128 140 1.43 2443 2211 2,035 1,890  -1.00 -0.83 0.74
Falkland Islands (Malvinas) 2 2 2 3000 0.00 4.05 | | | I 000 0.00 0.00
French Guiana 124 177 229 288 356 258 229 41 55 62 66 294 120 0.63
Grenada 37 41 48 55 103 1.58 1.36 65 63 60 53 -03I -0.49 -1.24
Guadeloupe 422 460 476 485 086 0.34 0.19 7 7 7 7 000 0.00 0.00
Guatemala 5,068 711 9,893 13,153 339 330 285 6,163 7,266 8,198 8539 165 121 041
Guyana 217 218 233 265 0.05 0.67 1.29 539 544 512 49 0.09 -0.61 -131
Haiti 3,079 5307 7,546 9450 544 352 225 5,569 4,881 4171 3746 -132 -1.56 -1.09
Honduras 2,832 3930 5,263 6,656 328 292 235 3398 3,686 3,874 3835 08l 0.50 -0.10
Jamaica 1,330 1,420 1,521 1,660  0.65 0.69 0.87 1,237 1,310 1313 1213 057 0.02 0.79
Martinique 345 362 370 376 048 0.22 0.16 40 4 45 42 095 0.22 -0.69
Mexico 74372 86,113 96,558 105300 147 1.14 0.87 25159 24532 23,125 21,157 025 -0.59 -0.89
Montserrat | | | I 000 0.00 0.00 4 5 5 5 13 0.00 0.00
Netherlands Antilles 163 187 199 200 137 0.62 0.05 18 14 I 9 251 241 -2.01
Nicaragua 2,792 3337 4,077 4860 178 2.00 1.76 2,309 2,485 2,605 2527 073 047 0.30
Panama 1,941 2,624 3233 3751 301 2.09 1.49 1,010 884 7% 736 -133 -1.07 0.76
Paraguay 2,960 3972 5,051 6,102 294 240 1.89 2,390 2,487 2,482 2380 040 -0.02 042
Peru 18994 22688 26389 29902 178 1.51 1.25 7010 6,808 6,492 6,103 -029 -0.48 -0.62
Puerto Rico 3614 3949 4112 4,178 089 0.40 0.16 204 49 23 18 -14.26 -7.56 -2.45
Saint Kitts and Nevis 15 17 21 26 125 211 2.14 31 35 38 3712l 0.82 027
Saint Lucia 44 49 58 74 108 1.69 244 113 125 132 130 10l 0.54 0.15
Saint Vincent and the Grenadines 49 54 60 68 097 1.05 1.25 59 55 50 4 070 -0.95 -1.28
Suriname 303 364 418 466 1.83 138 1.09 164 161 150 137 -0.18 0.71 091
Trinidad and Tobago 140 186 250 328 284 296 272 1,155 1,157 1,133 1,054 0.02 021 0.72
Turks and Caicos Islands 16 3l 35 38 66l 121 0.82 3 2 | I 405 -6.93 0.00
United States Virgin Islands 101 104 102 9% 029 0.19 061 8 5 4 3 470 223 -2.88
Uruguay 3,033 3,119 3,264 3382 028 0.45 036 288 254 229 206 -126 -1.04 -1.06
Venezuela (Bolivarian Republic of) 21940 27,113 31,755 35588 212 1.58 .14 2,468 1931 1,658 1,556 -245 -1.52 -0.63
NORTHERN AMERICA
Bermuda 63 65 66 66 03I 0.15 0.00 - - - - - - -
Canada 24389 27,309 30426 33680 113 1.08 1.02 6,298 6,581 6,675 6416 044 0.14 -0.40
Greenland 46 48 49 49 043 021 0.00 10 9 8 6 -1.05 -1.18 -2.88
Saint-Pierre-et-Miquelon 6 5 6 6 -1.82 1.82 0.00 | | 0 0 000 -1.00 0.00
United States of America 227651 261375 293732 321,698  1.38 117 091 60,191 56,266 52421 48283  -0.67 0.71 -0.82
OCEANIA
American Samoa 51 64 76 87 227 172 1.35 6 5 4 4 -8 223 0.00
Australia'' 16,710 19,169 21459 23566  1.37 113 0.94 2,461 2343 2216 2,089  -049 -0.56 -0.59
Cook Islands I 15 17 19 310 125 1.1 6 5 4 3-8 223 -2.88
Fiji 384 443 501 566 143 123 1.22 418 411 387 32 017 -0.60 -0.95
French Polynesia 124 140 160 186 121 1.34 1.51 112 132 144 143 164 0.87 -0.07
Guam 144 168 188 208 154 1.12 1.01 I 12 13 13087 0.80 0.00
Kiribati 36 44 54 67 201 2.05 216 48 56 62 63 154 1.02 0.16
Marshall Islands 36 45 56 65 223 219 1.49 16 18 18 18 LI8 0.00 0.00
Micronesia (Federated States of) 24 25 29 38 04l 1.48 2.70 83 86 88 87 036 0.23 0.1
Nauru 10 10 1 I 000 0.95 0.00 - - - - - - -
New Caledonia 127 146 169 200 139 146 1.68 88 108 120 119 205 1.05 -0.08
New Zealand 3314 3710 4,058 4382 113 0.90 0.77 554 5% 611 59 070 0.28 0.35
Niue | | | I 000 0.00 0.00 | | | I 000 0.00 0.00
Northern Mariana Islands 62 8l 9% I 267 1.70 1.45 7 8 8 8 134 0.00 0.00
Palau 13 17 20 23 268 1.63 1.40 6 3 2 2 693 -4.05 0.00

Papua New Guinea 711 863 1,194 1,828 194 325 426 4,676 6,026 7,275 8230 254 1.88 123
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TABLEB.2

continued
Urban population Rural population
Estimates and projections Rate of change Estimates and projections Rate of change
(°000) (%) ('000) (%)
2000 2010 2020 2030  2000-  2010-  2020- 2000 2010 2020 2030  2000-  2010-  2020-
2010 2020 2030 2010 2020 2030
Pitcairn — — — - — — — — — — - - — —
Samoa 39 36 38 46 -0.80 0.54 191 138 143 146 146 036 021 0.00
Solomon Islands 65 99 152 230 421 429 414 350 436 510 558 220 1.57 0.90
Tokelau — — — - — — — 2 | | I 693 0.00 0.00
Tonga 23 24 28 3% 043 1.54 223 76 80 8l 80 05l 0.12 -0.12
Tuvalu 4 5 6 7 13 1.82 1.54 5 5 5 4 000 0.00 223
Vanuatu 41 63 95 140 430 411 3.88 149 183 212 229 206 147 0.77
Wallis and Futuna Islands — - — - = - - 15 15 17 17 000 1.25 0.00

Sources: United Nations Department of Economic and Social Affairs, Population Division (2010) World Urbanization Prospects:The 2009 Revision, United Nations, New York.

Notes:

(1) Including Agalega, Rodrigues, and Saint Brandon.

2) Including Ascension, and Tristan da Cunha.
) For statistical purposes, the data for China do not include Hong Kong and Macao, Special Administrative Regions (SAR) of China.
) As of | July 1997, Hong Kong became a Special Administrative Region (SAR) of China.
) As of 20 December 1999, Macao became a Special Administrative Region (SAR) of China.
) Refers to Guernsey and Jersey.
) Including Aland Islands.

) Refers to the Vatican City State.

) Including Svalbard and Jan Mayen Islands.

0) The former Yugoslav Republic of Macedonia.
|

(
3
“
5
(6
7
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t)
(I
(') Including Christmas Island, Cocos (Keeling) Islands, and Norfolk Island.
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TABLEB.3

Urbanization and Urban Slum Dwellers

Level of urbanization Urban slum dwellers
Estimates and projections Rate of change Estimate Rate of change
(%) (%) (‘000) (%)
2000 2010 2020 2030 2000-  2010- 2020~ 1990 1995 2000 2005 2007 1990- 1995- 2000
2010 2020 2030 1995 2000 2005

AFRICA
Algeria 59.8 66.5 719 762 1.06 0.78 0.58
Angola 49.0 585 66.0 716 1.77 121 081 86.5
Benin 383 420 472 537 0.92 117 129 793 768 743 718 708 -0.64 -0.66 -0.68
Botswana 532 6.1 67.6 .7 138 1.01 0.73
Burkina Faso 178 257 344 48 3.67 29 2.18 788 724 65.9 59.5 59.5 -1.71 -1.87 -2.06
Burundi 83 1.0 148 19.8 282 297 291 643
Cameroon 499 584 65.5 71.0 1.57 1.I5 081 508 49.6 484 474 46.6 049 -0.51 -0.40
Cape Verde 534 6l.1 674 725 135 0.98 0.73
Central African Republic 376 389 45 484 0.34 0.89 130 875 89.7 919 94.1 95.0 0.50 0.49 0.48
Chad 234 276 339 412 1.65 2.06 1.95 98.9 96.4 939 913 90.3 -0.52 0.53 -0.55
Comoros 28.1 282 308 365 0.04 0.88 1.70 654 654 654 689 689 0.00 0.00 1.05
Congo 583 62.1 663 709 0.63 0.65 0.67 534
Céte d'lvoire 435 506 57.8 64.1 1.51 133 1.03 534 543 553 562 56.6 0.35 0.35 0.34
Democratic Republic of the Congo 298 352 420 49.2 1.67 1.77 1.58 764
Djibouti 76.0 762 776 80.2 0.03 0.18 0.33
Egypt 48 434 459 509 0.14 0.56 1.03 502 392 281 17.1 17.1 -4.96 -6.62 9.95
Equatorial Guinea 388 39.7 433 494 0.23 0.87 1.32 663
Eritrea 178 216 275 344 1.93 24| 224
Ethiopia 149 167 193 239 1.14 145 2.14 95.5 95.5 886 818 79.1 0.00 -1.48 -1.60
Gabon 80.1 86.0 88.8 90.6 071 0.32 0.20 387
Gambia 49.1 58.1 65.0 71.0 1.68 112 0.88 454
Ghana 440 515 584 64.7 1.57 126 1.02 65.5 5838 52.1 454 48 215 241 274
Guinea 31.0 354 414 486 133 1.57 1.60 804 68.8 57.3 457 457 301 -3.68 451
Guinea-Bissau 29.7 300 328 386 0.10 0.89 1.63 83.1
Kenya 197 22 266 330 119 1.81 216 549 548 548 548 548 -0.01 001 001
Lesotho 200 269 345 424 296 249 2.06 35.1 35.1 35.1 351 35.1 0.00 0.00 0.00
Liberia 443 478 52.1 57.6 0.76 0.86 1.00
Libyan Arab Jamahiriya 764 779 80.3 82.9 0.19 0.30 0.32
Madagascar 27.1 302 349 414 1.08 145 171 93.0 88.6 84.1 80.6 780 -0.97 -1.02 0.86
Malawi 152 19.8 255 324 264 253 239 66.4 66.4 66.4 66.4 67.7 0.00 0.00 0.00
Mali 283 359 437 513 238 1.97 1.60 942 848 754 659 65.9 211 -2.36 -2.67
Mauritania 40.0 414 454 517 0.34 0.92 130
Mauritius' 4.7 418 434 480 021 0.38 1.01
Mayotte 417 50.1 516 55.7 0.48 0.30 0.77
Morocco 533 582 64.0 69.2 0.88 0.95 0.78 374 352 242 13.1 13.1 -1.21 -7.54 -12.23
Mozambique 307 384 46.3 537 224 1.87 148 756 769 782 795 80.0 0.34 0.33 0.33
Namibia 324 380 444 515 1.59 1.56 148 344 341 339 339 336 0.13 0.14 001
Niger 162 17.1 193 235 0.54 121 1.97 836 83.1 826 82.1 819 0.12 0.12 0.12
Nigeria 425 498 56.8 63.6 1.59 1.32 113 773 735 69.6 658 642 -1.02 -1.08 -1.14
Réunion 89.9 94.0 95.7 96.3 0.45 0.18 0.06
Rwanda 138 189 226 283 .14 1.79 225 96.0 879 79.7 716 683 -1.77 -1.95 216
Saint Helena? 39.7 39.7 417 46.4 0.00 0.49 1.07
Sdo Tomé and Principe 534 622 69.0 740 1.53 1.04 0.70
Senegal 403 24 46.5 525 051 0.92 121 706 59.8 489 38.1 38.1 333 -4.00 -5.01
Seychelles 510 553 6.1 66.6 08l 1.00 0.86
Sierra Leone 355 384 48 49.0 0.79 1.08 135 97.0
Somalia 332 374 43.0 499 119 1.40 149 735
South Africa 56.9 61.7 66.6 713 08l 0.76 0.68 46.2 39.7 332 287 287 -3.03 -3.58 291
Sudan 334 40.1 474 545 1.83 1.67 1.40 942
Swaziland 226 214 23 262 -0.55 041 161
Togo 365 434 505 573 1.73 1.52 126 62.1
Tunisia 634 673 712 752 0.60 0.56 0.55
Uganda 12.1 133 159 206 0.95 1.79 259 75.0 750 750 66.7 634 0.00 0.00 235
United Republic of Tanzania 223 264 318 387 1.69 1.86 1.96 774 737 70.1 66.4 65.0 -0.97 -1.01 -1.07
Western Sahara 839 818 839 859 025 0.25 0.24
Zambia 348 357 389 47 0.26 0.86 139 57.0 57.1 572 572 573 0.02 0.02 0.01
Zimbabwe 338 383 439 507 125 136 144 40 37 33 179 179 -1.56 211 33.64
ASIA
Afghanistan 202 226 264 322 1.12 1.55 1.9
Armenia 64.7 642 65.7 69.0 -0.08 0.23 0.49
Azerbaijan 512 519 542 58.6 0.14 0.43 0.78
Bahrain 884 88.6 894 90.6 0.02 0.09 0.13
Bangladesh 236 28.1 339 41.0 1.75 1.88 1.90 873 847 778 708 708 -0.60 -1.71 -1.87
Bhutan 254 347 24 50.0 31 2.00 1.65
Brunei Darussalam 711 75.7 793 82.3 0.63 0.46 0.37
Cambodia 169 20.1 238 292 1.73 1.69 2.04 789
China® 358 470 55.0 61.9 272 1.57 118 43.6 40.5 373 329 310 -1.49 -1.61 252
China, Hong Kong SAR* 100.0 100.0 100.0 100.0 0.00 0.00 0.00
China, Macao SAR® 100.0 100.0 100.0 100.0 0.00 0.00 0.00
Cyprus 68.6 703 .7 757 0.24 0.34 0.40
Democratic People's Republic of Korea 59.4 60.2 62.1 65.7 0.13 0.31 0.56
Georgia 526 527 54.7 58.7 0.02 0.37 0.71
India 277 300 339 397 0.80 122 1.58 549 482 415 348 321 -2.61 -3.00 -3.53
Indonesia 420 43 48.1 537 053 0.82 1.10 508 426 344 263 230 -351 -4.26 542

Iran (Islamic Republic of) 64.2 708 759 798 0.98 0.70 0.50 16.9 16.9 16.9 528 528 0.00 0.00 2077
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TABLEB.3

continued
Level of urbanization Urban slum dwellers
Estimates and projections Rate of change Estimate Rate of change
(%) (%) (‘000) (%)
2000 2010 2020 2030 2000-  2010- 2020~ 1990 1995 2000 2005 2007 1990- 1995- 2000
2010 2020 2030 1995 2000 2005

Iraq 678 66.2 66.6 694 -0.24 0.06 041
Israel 914 91.9 924 93.1 0.05 0.05 0.08
Japan 65.2 66.8 69.4 73.0 0.24 0.38 0.51
Jordan 783 785 798 820 0.03 0.16 0.27 158
Kazakhstan 563 585 623 66.8 0.38 0.63 0.70
Kuwait 982 984 98.6 98.7 0.02 0.02 0.01
Kyrgyzstan 352 345 357 40.1 <020 0.34 1.16
Lao People's Democratic Republic 220 332 442 53.1 4.12 2.86 1.83 793
Lebanon 86.0 872 886 90.0 0.14 0.16 0.16 53.1
Malaysia 62.0 722 785 822 1.52 0.84 0.46
Maldives 277 40.1 515 60.1 370 250 1.54
Mongolia 56.9 62.0 67.0 716 0.86 0.78 0.66 68.5 66.7 64.9 579 579 0.53 -0.55 228
Myanmar 278 336 40.7 48.1 1.89 1.92 1.67 45.6
Nepal 134 186 248 317 328 2.88 245 70.6 673 64.0 60.7 594 -0.96 -1.00 -1.06
Occupied Palestinian Territory 720 74.1 766 794 0.29 0.33 0.36
Oman 716 73.0 757 787 0.19 0.36 0.39
Pakistan 331 359 399 45.6 081 1.06 1.34 51.0 498 487 475 470 -0.46 047 049
Philippines 480 489 526 583 0.19 0.73 1.03 543 508 472 437 423 -1.35 -1.45 -1.56
Qatar 94.9 95.8 96.5 96.9 0.09 0.07 0.04
Republic of Korea 796 83.0 85.6 877 0.42 031 0.24
Saudi Arabia 798 82.1 842 86.2 0.28 0.25 0.23 18.0
Singapore 100.0 100.0 100.0 100.0 0.00 0.00 0.00
Sri Lanka 158 143 155 19.6 -1.00 081 235
Syrian Arab Republic 519 55.7 60.2 65.4 0.71 0.78 0.83 10.5
Tajikistan 26.5 263 280 325 -0.08 0.63 149
Thailand 311 340 389 458 0.89 135 1.63 26.0
Timor-Leste 243 28.1 332 399 145 1.67 1.84
Turkey 64.7 69.6 740 777 0.73 0.6 0.49 234 207 179 155 14.1 249 -2.84 291
Turkmenistan 458 495 54.6 604 0.78 0.98 1.01
United Arab Emirates 803 84.1 86.8 8838 0.46 0.32 0.23
Uzbekistan 374 362 378 427 033 043 122
Viet Nam 245 304 370 442 216 1.96 1.78 60.5 546 488 413 383 -2.04 227 333
Yemen 263 3.8 382 453 1.90 1.83 1.70 67.2
EUROPE
Albania 417 519 60.7 674 219 1.57 1.05
Andorra 924 88.0 849 85.1 049 036 0.02
Austria 658 67.6 703 738 0.27 0.39 0.49
Belarus 69.9 747 792 826 0.66 0.58 0.42
Belgium 97.1 974 97.7 97.9 0.03 0.03 0.02
Bosnia and Herzegovina 432 48.6 55.2 61.7 1.18 1.27 LI
Bulgaria 68.9 715 743 775 0.37 0.38 0.42
Channel Islands® 305 314 342 39.1 0.29 0.85 1.34
Croatia 556 577 61.5 66.5 0.37 0.64 0.78
Czech Republic 740 735 75.0 78.0 0.07 0.20 0.39
Denmark 85.1 86.9 88.6 90.1 021 0.19 0.17
Estonia 694 69.5 707 734 0.01 0.17 0.37
Faeroe Islands 363 403 42 46.6 1.05 0.46 0.99
Finland’ 822 85.1 874 89.2 0.35 0.27 0.20
France 769 853 89.7 918 1.04 0.50 0.23
Germany 731 738 756 783 0.10 0.24 0.35
Gibraltar 100.0 100.0 100.0 100.0 0.00 0.00 0.00
Greece 59.7 614 64.8 69.3 0.28 0.54 0.67
Holy See® 100.0 100.0 100.0 100.0 0.00 0.00 0.00
Hungary 64.6 68.1 71.8 755 053 0.53 0.50
Iceland 924 934 943 95.0 0.1 0.10 0.07
Ireland 59.1 619 65.5 69.8 0.46 0.57 0.64
Isle of Man 518 50.6 512 539 0.23 0.12 051
Italy 672 684 709 746 0.18 0.36 0.51
Latvia 68.1 67.7 684 709 -0.06 0.10 0.36
Liechtenstein 15.1 143 150 180 -0.54 0.48 1.82
Lithuania 67.0 67.0 685 715 0.00 0.22 043
Luxembourg 838 852 874 89.1 0.17 0.25 0.19
Malta 924 947 96.0 96.6 0.25 0.14 0.06
Moldova 446 470 542 60.9 0.52 143 117
Monaco 100.0 100.0 100.0 100.0 0.00 0.00 0.00
Montenegro 58.5 61.5 624 65.7 0.50 0.15 0.52
Netherlands 768 829 86.5 88.6 0.76 0.43 0.24
Norway’ 76.1 794 826 85.2 0.42 0.40 031
Poland 617 61.0 61.7 64.9 011 0.1 051
Portugal 544 60.7 66.4 714 1.10 0.90 0.73
Romania 53.0 575 63.0 682 081 091 0.79
Russian Federation 734 732 745 76.9 -0.03 0.18 0.32
San Marino 934 94.1 944 949 0.07 0.03 0.05
Serbia 53.0 56.1 60.0 64.8 0.57 0.67 0.77
Slovakia 562 55.0 55.7 59.2 0.22 0.13 061

Slovenia 50.8 49.5 504 54.5 026 0.18 0.78
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TABLEB.3

continued
Level of urbanization Urban slum dwellers
Estimates and projections Rate of change Estimate Rate of change
(%) (%) (‘000) (%)
2000 2010 2020 2030 2000~ 2010~ 2020~ 1990 1995 2000 2005 2007 1990- 1995- 2000
2010 2020 2030 1995 2000 2005

Spain 76.3 774 794 81.9 0.14 0.26 0.31
Sweden 840 847 85.8 873 0.08 0.13 0.17
Switzerland 733 736 752 778 0.04 0.22 0.34
TFYR Macedonia'® 594 59.3 61.6 66.0 0.02 0.38 0.69
Ukraine 67.1 6838 719 753 0.25 0.44 0.46
United Kingdom 787 79.6 8.4 83.7 0.11 0.22 0.28
LATIN AMERICA AND THE CARIBBEAN
Anguilla 100.0 100.0 100.0 100.0 0.00 0.00 0.00
Antigua and Barbuda 321 303 325 384 -0.58 0.70 1.67
Argentina 90.1 924 938 94.6 0.25 0.15 0.08 305 317 329 262 235 0.77 0.74 -4.55
Aruba 46.7 46.9 488 525 0.04 0.40 0.73
Bahamas 820 84.1 86.1 879 0.25 0.24 021
Barbados 383 445 511 579 1.50 1.38 1.25
Belize 478 522 56.9 62.3 0.88 0.86 091 473
Bolivia 618 66.5 71.0 752 0.73 0.65 0.57 62.2 582 543 504 488 -1.30 -1.40 -1.50
Brazil 81.2 86.5 89.5 911 0.63 0.34 0.18 36.7 341 315 29.0 280 -1.45 -1.56 -1.69
British Virgin Islands 394 41.0 452 516 0.40 0.98 1.32
Cayman Islands 100.0 100.0 100.0 100.0 0.00 0.00 0.00
Chile 85.9 89.0 91.0 923 0.35 0.22 0.14 9.0
Colombia 721 75.1 780 81.0 041 0.38 0.38 312 268 23 179 16.1 -3.07 -3.62 -443
Costa Rica 59.0 64.4 69.4 739 0.88 0.75 0.63 109
Cuba 75.6 752 756 776 -0.05 0.05 0.26
Dominica 67.2 672 69.4 731 0.00 0.32 0.52
Dominican Republic 617 69.2 748 788 1.I5 0.78 0.52 279 244 21.0 17.6 162 -2.63 -3.03 -3.57
Ecuador 60.3 66.9 725 76.8 1.04 0.80 0.58 215
El Salvador 589 64.3 69.3 737 0.88 0.75 0.62 289
Falkland Islands (Malvinas) 67.6 736 782 8.6 0.85 0.6 043
French Guiana 75.1 764 786 814 0.17 0.28 0.35 10.5
Grenada 359 393 445 512 0.90 1.24 1.40 6.0
Guadeloupe 984 98.4 98.5 98.6 0.00 0.01 0.01 5.4
Guatemala 45.1 49.5 54.7 60.6 0.93 1.00 1.02 58.6 533 48.1 49 40.8 -1.87 -2.06 230
Guyana 28.7 286 313 372 -0.03 0.90 1.73 337
Haiti 356 521 64.4 716 381 2.12 1.06 934 934 934 70.1 70.1 0.00 0.00 -5.74
Honduras 45.5 516 576 634 1.26 1.10 0.96 349
Jamaica 518 520 537 578 0.04 0.32 0.74 60.5
Martinique 89.7 89.0 89.1 90.0 -0.08 0.01 0.10
Mexico 747 718 80.7 833 041 037 0.32 23.1 215 19.9 144 144 -1.44 -1.55 -6.47
Montserrat 1.0 143 16.9 216 262 1.67 245
Netherlands Antilles 90.2 932 947 955 0.33 0.16 0.08
Nicaragua 547 573 61.0 65.8 0.46 0.63 0.76 89.1 745 60.0 45.5 45.5 -3.56 -4.34 -5.55
Panama 65.8 748 80.3 83.6 1.28 0.71 0.40 23.0
Paraguay 553 61.5 67.1 719 1.06 0.87 0.69 17.6
Peru 73.0 76.9 80.3 83.0 0.52 043 0.33 66.4 56.3 46.2 36.1 36.1 -3.30 -3.96 -4.94
Puerto Rico 94.6 98.8 99.5 99.6 0.43 0.07 0.0l
Saint Kitts and Nevis 328 324 354 41.6 -0.12 0.89 161
Saint Lucia 280 280 306 36.1 0.00 0.89 1.65 1.9
Saint Vincent and the Grenadines 452 493 54.6 60.7 0.87 1.02 1.06
Suriname 64.9 694 735 773 0.67 0.57 0.50 39
Trinidad and Tobago 108 139 18.1 237 252 2.64 2.70 247
Turks and Caicos Islands 84.6 933 96.5 97.4 0.98 0.34 0.09
United States Virgin Islands 926 953 96.5 97.0 0.29 0.13 0.05
Uruguay 913 925 934 943 0.13 0.10 0.10
Venezuela (Bolivarian Republic of) 89.9 934 95.0 95.8 0.38 0.17 0.08 320
NORTHERN AMERICA
Bermuda 100.0 100.0 100.0 100.0 0.00 0.00 0.00
Canada 79.5 80.6 820 840 0.14 0.17 0.24
Greenland 816 842 86.5 884 031 0.27 0.22
Saint-Pierre-et-Miquelon 89.1 90.6 91.8 928 0.17 0.13 0.1
United States of America 79.1 823 849 87.0 0.40 031 024
OCEANIA
American Samoa 888 93.0 94.8 95.6 0.46 0.19 0.08
Australia'! 87.2 89.1 90.6 91.9 0.22 0.17 0.14
Cook Islands 65.2 753 814 849 1.44 0.78 0.42
Fiji 479 519 56.4 61.7 0.80 0.83 0.90
French Polynesia 524 514 527 56.6 0.19 0.25 0.71
Guam 93.1 932 935 94.2 0.01 0.03 0.07
Kiribati 430 439 46.5 51.7 0.21 0.58 1.06
Marshall Islands 68.4 718 753 788 0.49 0.48 0.45
Micronesia (Federated States of) 23 27 25.1 303 0.18 1.01 1.88
Nauru 100.0 100.0 100.0 100.0 0.00 0.00 0.00
New Caledonia 59.2 574 58.5 62.7 031 0.19 0.69
New Zealand 85.7 86.2 86.9 88.1 0.06 0.08 0.14
Niue 33 375 430 494 1.25 1.37 1.39
Northern Mariana Islands 90.2 91.3 924 933 0.12 0.12 0.10
Palau 70.0 834 89.6 92.0 1.75 0.72 0.26

Papua New Guinea 132 125 14.1 182 -0.54 1.20 2.55
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TABLEB.3

continued
Level of urbanization Urban slum dwellers
Estimates and projections Rate of change Estimate Rate of change
(%) (%) (‘'000) (%)
2000 2010 2020 2030 2000~ 2010~ 2020~ 1990 1995 2000 2005 2007 1990- 1995- 2000
2010 2020 2030 1995 2000 2005
Pitcairn 0.0 0.0 0.0 0.0 0.00 0.00 0.00
Samoa 220 202 205 240 -0.85 0.15 1.58
Solomon Islands 157 186 230 29.2 1.70 2.12 239
Tokelau 0.0 0.0 0.0 0.0 0.00 0.00 0.00
Tonga 230 234 256 304 0.17 0.90 1.72
Tuvalu 46.0 504 55.6 61.5 091 0.98 1.01
Vanuatu 21.7 256 310 380 1.65 191 2.04
Wallis and Futuna Islands 0.0 0.0 0.0 0.0 0.00 0.00 0.00

Sources: United Nations Department of Economic and Social Affairs, Population Division (2010) World Urbanization Prospects: The 2009 Revision, United Nations, New York; United Nations Human Settlements Programme (UN-
Habitat), Urban Info 2010.

Notes:

(1) Including Agalega, Rodrigues, and Saint Brandon.

2) Including Ascension, and Tristan da Cunha.
) For statistical purposes, the data for China do not include Hong Kong and Macao, Special Administrative Regions (SAR) of China.
) As of | July 1997, Hong Kong became a Special Administrative Region (SAR) of China.
) As of 20 December 1999, Macao became a Special Administrative Region (SAR) of China.
) Refers to Guernsey and Jersey.
) Including Aland Islands.

) Refers to the Vatican City State.

) Including Svalbard and Jan Mayen Islands.

0) The former Yugoslav Republic of Macedonia.
|

(
(
(
(
(
(
(
(
(
(') Including Christmas Island, Cocos (Keeling) Islands, and Norfolk Island.
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4
5
6
7
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TABLE B.4

Access to Drinking Water and Sanitation

Improved drinking water coverage Household connection to improved drinking water Improved sanitation coverage
Total Urban Rural Total Urban Rural Total Urban Rural
(%) (%) (%) (%) (%) (%) (%) (%) (%)

1990 2008 1990 2008 1990 2008 1990 2008 1990 2008 1990 2008 1990 2008 1990 2008 1990 2008

AFRICA

Algeria 94 83 100 85 88 79 68 72 87 80 48 56 88 95 99 98 77 88
Angola 36 50 30 60 40 38 0 20 | 34 0 | 25 57 58 86 6 18
Benin 56 75 72 84 47 69 7 12 19 26 0 2 5 12 14 24 | 4
Botswana 93 95 100 99 88 90 24 62 39 80 13 35 36 60 58 74 20 39
Burkina Faso 41 76 73 95 36 72 2 4 12 21 0 0 6 I 28 3 2 6
Burundi 70 72 97 83 68 71 3 6 32 47 | | 4 46 41 49 44 46
Cameroon 50 74 77 92 3l 51 I 15 25 25 2 3 47 47 65 56 35 35
Cape Verde 84 85 82 38 46 27 54 65 38
Central African Republic 58 67 78 92 47 51 3 2 8 6 0 0 I 34 21 43 5 28
Chad 38 50 48 67 36 44 2 5 10 17 0 | 6 9 20 23 2 4
Comoros' 87 95 98 91 83 97 16 30 3l 53 10 21 17 36 34 50 I 30
Congo 71 95 34 28 43 3 30 3l 29
Céte d'lvoire 76 80 90 93 67 68 22 40 49 67 5 14 20 23 38 36 8 1
Democratic Republic of the Congo 45 46 90 80 27 28 14 9 51 23 0 2 9 2 23 2 4 2
Djibouti 77 92 80 98 69 52 57 72 69 82 19 3 66 56 73 63 45 10
Egypt 90 99 96 100 86 98 6l 92 90 99 39 87 n 94 9l 97 57 92
Equatorial Guinea 4 12 0 0
Eritrea 43 61 62 74 39 57 6 9 40 f2 0 0 9 14 58 52 0 4
Ethiopia 17 38 77 98 8 26 | 7 10 40 0 0 4 12 21 29 | 8
Gabon 87 95 41 43 49 10 3 3 30
Gambia 77 92 85 9% 67 86 9 3 24 55 0 5 67 68 65
Ghana 54 82 84 90 37 74 16 17 41 30 2 3 7 13 I 18 4 7
Guinea 52 71 87 89 38 61 6 10 21 26 0 | 9 19 18 34 6 I
Guinea-Bissau 61 83 37 51 2 9 6 27 0 | 21 49 9
Kenya 43 59 9l 83 32 52 19 19 57 44 10 12 26 31 24 27 27 32
Lesotho 61 85 88 97 57 8l 4 19 19 59 | 5 32 29 29 40 32 25
Liberia 58 68 86 79 34 51 1 2 21 3 3 0 1 17 21 25 3 4
Libyan Arab Jamahiriya 54 54 55 97 97 97 97 96 96
Madagascar 3l 41 78 71 16 29 6 7 25 14 0 4 8 I 14 15 6 10
Malawi 40 80 90 95 33 77 7 7 45 26 2 2 42 56 50 51 41 57
Mali 29 56 54 8l 22 44 4 12 17 34 0 | 26 36 36 45 23 32
Mauritania 30 49 36 52 26 47 6 22 15 34 0 14 16 26 29 50 8 9
Mauritius 99 99 100 100 99 99 99 99 100 100 99 99 9l 91 93 93 90 90
Mayotte?
Morocco 74 8l 94 98 55 60 38 58 74 88 5 19 53 69 8l 83 27 52
Mozambique 36 47 73 77 26 29 5 8 2 20 | | I 17 36 38 4 4
Namibia 64 92 99 99 51 88 33 44 82 72 14 27 25 3 66 60 9 17
Niger 35 48 57 96 3l 39 3 7 21 37 0 | 5 9 19 34 2 4
Nigeria 47 58 79 75 30 f2 14 6 32 I 4 2 37 32 39 36 36 28
Réunion
Rwanda 68 65 96 77 66 62 2 4 32 15 0 | 23 54 35 50 22 55
Saint Helena
Sio Tomé and Principe 89 89 88 26 32 18 26 30 19
Senegal 6 69 88 92 43 52 19 38 45 74 3 12 38 51 62 69 22 38
Seychelles 100 100 97
Sierra Leone 49 86 26 6 15 | | 13 24 6
Somalia 30 67 9 19 51 0 0 23 52 6
South Africa 83 9l 98 99 66 78 56 67 85 89 25 32 69 77 80 84 58 65
Sudan 65 57 85 64 58 52 34 28 76 47 19 14 34 34 63 55 23 18
Swaziland 69 92 6l 32 67 21 55 6l 53
Togo 49 60 79 87 36 41 4 6 14 12 0 | 13 12 25 24 8 3
Tunisia 8l 94 95 99 62 84 61 76 89 94 2 39 74 85 95 96 44 64
Uganda 43 67 78 91 39 64 | 3 9 19 0 | 39 48 35 38 40 49
United Republic of Tanzania 55 54 94 80 46 45 7 8 34 2 | 3 24 24 27 32 23 21
Western Sahara
Zambia 49 60 89 87 23 46 20 14 49 37 | | 46 49 62 59 36 43
Zimbabwe 78 82 9 99 70 72 32 36 94 88 7 5 LX) 4 58 56 37 37
ASIA

Afghanistan 48 78 39 4 16 0 37 60 30
Armenia 9% 99 98 93 84 87 96 97 59 70 90 95 95 80
Azerbaijan 70 80 88 88 49 71 44 50 67 78 17 20 45 51 39
Bahrain 100 100 100 100 100 100
Bangladesh 78 80 88 85 76 78 6 6 28 24 0 0 39 53 59 56 34 52
Bhutan 92 9 88 57 8l 45 65 87 54
Brunei Darussalam
Cambodia 35 6l 52 8l 33 56 2 16 17 55 0 5 9 29 38 67 5 18
China 67 89 97 98 56 82 54 83 86 9% 42 3 41 55 48 58 38 52

China, Hong Kong SAR
China, Macao SAR

Cyprus 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Democratic People's Republic of Korea 100 100 100 100 100 100
Georgia 8l 98 94 100 66 96 53 3 8l 92 19 51 96 95 97 96 95 93
India n 88 90 9% 66 84 19 22 5 48 8 I 18 kll 49 54 7 21
Indonesia 71 80 92 89 62 71 9 23 24 37 2 8 33 52 58 67 22 36
Iran (Islamic Republic of) 9l 98 98 84 84 96 96 69 83 86 78

Iraq 8l 79 97 9l 44 55 76 90 49 3 76 66
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TABLE B.4

continued
Improved drinking water coverage Household connection to improved drinking water Improved sanitation coverage
Total Urban Rural Total Urban Rural Total Urban Rural
(%) (%) (%) (%) (%) (%) (%) (%) (%)
1990 2008 1990 2008 1990 2008 1990 2008 1990 2008 1990 2008 1990 2008 1990 2008 1990 2008
Israel 100 100 100 100 100 100 100 100 100 100 98 98 100 100 100 100 100 100
Japan 100 100 100 100 100 100 93 98 97 99 86 95 100 100 100 100 100 100
Jordan 97 96 9 98 9l 9l 95 91 98 9% 87 79 98 98 98 97
Kazakhstan 96 95 99 99 92 90 63 58 9l 82 28 24 96 97 96 97 97 98
Kuwait 99 99 99 99 99 99 100 100 100 100 100 100
Kyrgyzstan 90 98 9 85 44 54 75 89 25 34 93 94 94 93
Lao People's Democratic Republic 57 n H 20 55 4 53 86 38
Lebanon 100 100 100 100 100 100 100 100 100 100
Malaysia 88 100 94 100 82 99 72 97 86 99 59 91 84 9% 88 9% 8l 95
Maldives 90 91 100 99 87 86 12 37 47 95 0 2 69 98 100 100 58 9%
Mongolia 58 76 8l 97 27 49 30 19 52 32 0 2 50 64 32
Myanmar 57 71 87 75 47 69 5 6 19 15 | 2 8l 86 79
Nepal 76 88 96 93 74 87 8 17 43 52 5 10 I 3l 41 51 8 27
Occupied Palestinian Territory 9l 100 9l 9l 78 84 64 89 9l 84
Oman 80 88 84 92 72 77 21 54 29 68 6 18 85 97 97 61
Pakistan 86 90 96 95 8l 87 24 3 57 55 9 20 28 45 73 72 8 29
Philippines 84 9l 93 93 76 87 24 48 40 60 8 25 58 76 70 80 46 69
Qatar 100 100 100 100 100 100 100 100 100 100 100 100
Republic of Korea 98 97 100 88 93 96 99 64 100 100 100 100 100 100
Saudi Arabia 89 97 97 63 88 97 97 60 100 100
Singapore 100 100 100 100 . . 100 100 100 100 . . 9 100 9 100 . .
Sri Lanka 67 90 9l 98 62 88 I 28 37 65 6 22 70 91 85 88 67 92
Syrian Arab Republic 85 89 96 94 75 84 72 83 93 93 51 71 83 9% 94 9% 7 95
Tajikistan 70 94 61 40 83 25 94 93 95 94
Thailand 9l 98 97 99 89 98 33 54 78 85 14 39 80 9% 93 95 74 9%
Timor-Leste 69 86 63 16 28 | 50 76 40
Turkey 85 9 94 100 73 9% 76 96 9l 98 54 92 84 90 96 97 66 75
Turkmenistan 97 97 98 98 99 99 97 97
United Arab Emirates 100 100 100 100 100 100 78 80 70 97 97 98 98 95 95
Uzbekistan 90 87 97 98 85 8l 57 48 86 85 37 26 84 100 95 100 76 100
Viet Nam 58 94 88 99 51 92 9 22 45 56 0 9 35 75 61 94 29 67
Yemen 62 72 57 28 54 17 18 52 64 94 6 33
EUROPE
Albania 97 100 9% 98 86 98 91 82 98 98 98
Andorra 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Austria 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Belarus 100 100 100 100 99 99 89 95 72 93 91 97
Belgium 100 100 100 100 100 100 100 100 100 100 96 100 100 100 100 100 100 100
Bosnia and Herzegovina 99 100 98 82 94 71 95 99 92
Bulgaria 100 100 100 100 99 100 88 96 9% 7 99 100 100 100 98 100
Channel Islands
Croatia 9 100 97 88 96 77 9 99 98
Czech Republic 100 100 100 100 100 100 95 97 97 91 100 98 100 99 98 97
Denmark 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Estonia 98 98 99 9 97 97 80 90 92 97 51 75 95 9% %4
Faeroe Islands
Finland 100 100 100 100 100 100 92 96 100 85 100 100 100 100 100 100
France 100 100 100 100 100 100 9 100 100 100 95 100 100 100 100 100 100 100
Germany 100 100 100 100 100 100 99 99 100 100 97 97 100 100 100 100 100 100
Gibraltar
Greece 96 100 99 100 92 99 92 100 9 100 82 99 97 98 100 99 92 97
Holy See
Hungary 96 100 98 100 9l 100 86 9% 94 95 7 93 100 100 100 100 100 100
Iceland 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Ireland 100 100 100 100 100 100 100 100 100 100 99 99 99 99 100 100 98 98
Isle of Man
Italy 100 100 100 100 100 100 9 100 100 100 9 100
Latvia 99 99 100 100 96 9% 82 93 59 78 82 71
Liechtenstein
Lithuania 76 89 49
Luxembourg 100 100 100 100 100 100 100 100 100 100 98 98 100 100 100 100 100 100
Malta 100 100 100 100 98 100 100 100 100 100 98 100 100 100 100 100 100 100
Moldova 90 96 85 40 79 13 79 85 74
Monaco 100 100 100 100 . . 100 100 100 100 . . 100 100 100 100 . .
Montenegro 98 100 96 85 98 66 92 96 86
Netherlands 100 100 100 100 100 100 98 100 100 100 95 100 100 100 100 100 100 100
Norway 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Poland 100 100 100 100 100 100 88 98 97 99 3 9 90 96 9% 80
Portugal 96 99 98 99 94 100 87 99 95 99 80 100 92 100 97 100 87 100
Romania 47 6l 85 91 3 26 71 72 88 88 52 54
Russian Federation 93 96 98 98 8l 89 76 78 87 92 45 40 87 87 93 93 70 70
San Marino
Serbia 99 99 98 8l 97 63 92 9% 88
Slovakia 100 100 100 95 94 100 9% 89 9% 100 100 100 100 100 99
Slovenia 100 99 100 100 99 99 100 99 100 100 99 99 100 100 100 100 100 100
Spain 100 100 100 100 100 100 99 99 99 99 100 100 100 100 100 100 100 100

Sweden 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
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TABLE B.4

continued
Improved drinking water coverage Household connection to improved drinking water Improved sanitation coverage
Total Urban Rural Total Urban Rural Total Urban Rural
(%) (%) (%) (%) (%) (%) (%) (%) (%)
1990 2008 1990 2008 1990 2008 1990 2008 1990 2008 1990 2008 1990 2008 1990 2008 1990 2008
Switzerland 100 100 100 100 100 100 100 100 100 100 99 99 100 100 100 100 100 100
TFYR Macedonia® 100 100 99 92 9% 84 89 92 82
Ukraine 98 9 98 97 67 93 87 25 95 95 97 97 9l 90
United Kingdom 100 100 100 100 100 100 100 100 100 100 98 98 100 100 100 100 100 100
LATIN AMERICA AND THE CARIBBEA|
Anguilla . . . . 9 99 9 99
Antigua and Barbuda 95 95 98 98
Argentina 94 97 97 98 72 80 69 80 76 83 2 45 90 90 93 91 73 77
Aruba 100 100 100 100 100 100 100 100 100 100 100 100
Bahamas 98 98 100 100 100 100 100 100
Barbados 100 100 100 100 100 100 98 100 100 100 100 100 100 100
Belize 75 9 85 99 63 100 47 74 77 87 20 61 74 90 73 93 75 86
Bolivia 70 86 92 9% 42 67 50 77 78 93 14 47 19 25 29 34 6 9
Brazil 88 97 9% 99 65 84 78 91 92 9% 35 62 69 80 8l 87 35 37
British Virgin Islands 98 98 98 98 98 98 97 97 97 97 97 97 100 100 100 100 100 100
Cayman Islands 95 95 . . 37 92 37 92 . . 96 9% 96 9% . .
Chile 90 9% 99 99 48 75 84 93 97 99 2 47 84 9% 9l 98 48 83
Colombia 88 92 98 9 68 73 86 84 98 94 59 56 68 74 80 8l 43 55
Costa Rica 93 97 99 100 86 9l 82 9% 92 100 71 89 93 95 94 95 9l 9%
Cuba 82 94 93 96 53 89 64 75 77 82 30 54 80 91 86 9% 64 8l
Dominica
Dominican Republic 88 86 98 87 76 84 73 72 94 80 46 54 73 83 83 87 61 74
Ecuador 72 94 8l 97 62 88 47 88 66 9% 24 74 69 92 86 9 48 84
El Salvador 74 87 90 94 58 76 43 65 72 80 14 12 75 87 88 89 62 83

Falkland Islands (Malvinas)
French Guiana
Grenada 97 97 97 97 9% 9% 97 97

Guadeloupe 98 98 98 98 95
Guatemala 82 94 9l 98 75 90 49 8l 68 95 35 68 65 8l 84 89 51 73
Guyana 94 98 93 67 76 63 8l 85 80
Haiti 47 63 62 71 4| 55 9 12 27 21 2 4 26 17 44 24 19 10
Honduras 72 86 9l 95 59 77 58 83 82 94 42 n 44 71 68 80 28 62
Jamaica 93 94 98 98 88 89 61 70 89 9l 3 47 83 83 82 82 83 84
Martinique 100 100 99 99 95
Mexico 85 94 94 9% 64 87 77 87 88 9 50 n 66 85 80 90 30 68
Montserrat 100 100 100 100 100 100 12 15 98 98 0 0 9 9% 9 96 96 96
Netherlands Antilles
Nicaragua 74 85 92 98 54 68 52 62 83 88 18 27 43 52 59 63 26 37
Panama 84 93 99 97 66 83 80 89 97 93 60 79 58 69 3 75 40 51
Paraguay 52 86 8l 99 25 66 29 65 59 85 0 35 37 70 6l 90 15 40
Peru 75 82 88 90 45 6l 55 70 73 84 15 35 54 68 71 8l 16 36
Puerto Rico
Saint Kitts and Nevis 99 99 99 99 99 99 96 9% 96 96 96 96
Saint Lucia 98 98 98 98 98 98

Saint Vincent and the Grenadines
Suriname 93 99 97 8l 70 94 78 45 84 90 90 66
Trinidad and Tobago 88 94 92 98 88 93 69 76 8l 88 68 74 93 92 93 92 93 92
Turks and Caicos Islands 100 100 100 100 100 100 98 98
United States Virgin Islands
Uruguay 96 100 98 100 79 100 89 98 94 98 50 92 94 100 95 100 83 99
Venezuela (Bolivarian Republic of) 90 93 71 80 87 44 82 89 45
NORTHERN AMERICA

Bermuda
Canada 100 100 100 100 99 99 100 100 100 100 100 100 99 99
Greenland
Saint-Pierre-et-Miquelon 9 96
United States of America 99 99 100 100 94 94 84 88 97 97 46 46 100 100 100 100 99 99
OCEANIA

American Samoa
Australia 100 100 100 100 100 100 100 100 100 100 100 100
Cook Islands 94 99 98 87 96 100 100 100 9l 100
French Polynesia 100 100 100 100 100 100 98 98 99 99 96 96 98 98 99 99 97 97
Guam 100 100 100 100 100 100 99 99 99 99 98 98
Kiribati 48 76 3 25 46 13 26 36 21
Marshall Islands 95 94 94 92 97 99 | | 0 64 3 77 83 41 53
Micronesia (Federated States of) 89 93 95 87 29 55 20

Nauru 90 90 . . . . 50 50

New Caledonia

New Zealand 100 100 100 100 100 100 100 100 100 100 100 100 88
Niue 100 100 100 100 100 100 100 100 100 100 100 100
Northern Mariana Islands 98 98 98 98 100 97 84 85 78 96
Palau 8l 73 98 69 76 96 54
Papua New Guinea 41 40 89 87 32 33 13 10 61 57 4 3 47 45 78 71 42 41
Pitcairn
Samoa 9l 99 89 98 100 100 100 98 100

Solomon Islands 76 98 98
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TABLE B.4

continued
Improved drinking water coverage Household connection to improved drinking water Improved sanitation coverage
Total Urban Rural Total Urban Rural Total Urban Rural
(%) (%) (%) (%) (%) (%) (%) (%) (%)
1990 2008 1990 2008 1990 2008 1990 2008 1990 2008 1990 2008 1990 2008 1990 2008 1990 2008

Tokelau 90 97 . . 90 97 . . 41 93 . . 41 93
Tonga 100 100 100 96 96 98 98 96 9%
Tuvalu 90 97 92 98 89 97 97 97 97 80 84 86 88 76 8l
Vanuatu 57 83 9l 9% 49 79 37 44 79 79 27 3 52 66 48
Wallis and Futuna Islands 100 100 . . 100 100 80 8l . . 80 8l 96 96 . . 96 9%

Source: World Health Organization (WHO) and United Nations Children’s Fund (UNICEF) Joint Monitoring Programme for Water Supply and Sanitation (JMP) (2010) Progress on Sanitation and Drinking-Water 2010 Update,
WHO and UNICEF, Geneva.

Notes:

(1) This includes the island of Mayotte.

(2) Data for Mayotte is included in the data on Comoros.

(3) The former Yugoslav Republic of Macedonia.
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TABLE B.5

Poverty and Inequality

Gross national income Inequality National poverty line International poverty line
PPP $/capita
Income / Land Population Population
consumption
2000 2008’ Survey Gini Survey Gini Survey Rural Urban  National Survey Below Below
year? index year index year % % % year’ US$1.25/day US$2/day

AFRICA
Algeria 5120 7,890 1995 035 1995 303 147 226 1995 6.8 236
Angola 1,850 4830 2000 0.59 2000 543 702
Benin 1,120 1,470 2003 0.37 2003 46.0 29.0 39.0 2003 473 753
Botswana 8,340 13310 1993-94 061 1993-94 312 494
Burkina Faso 810 1,160 2003 0.40 1993 0.42 2003 524 192 46.4 2003 56.5 812
Burundi 310 380 2006 0.33 2006 813 934
Cameroon 1,520 2,170 2001 045 2007" 55.0 122 39.9 2001 328 577
Cape Verde 1,970 3,090 2001 0.50 2001 206 40.2
Central African Republic 660 730 2003 0.44 2003 624 81.9
Chad 640 1,070 2002-03 0.40 2002-03 619 833
Comoros 970 1,170 2004 0.64 2004 46.1 65.0
Congo 2,020 2810 2005 047 2005 54.1 744
Céte d'lvoire 1,430 1,580 2002 0.48 2002 233 46.8
Democratic Republic of the Congo 200 280 2005-06 59.2 79.5
Djibouti 1,600 2,320 2002 0.40 2002 188 412
Egypt 3,570 5470 2004-05 0.32 1990 0.65 1999-2000 167 2004-05 <2 184
Equatorial Guinea 5330 21,720
Eritrea 610 640°
Ethiopia 460 870 2005 0.30 2001 047 1999-2000 45.0 370 442 2005 39.0 775
Gabon 9,940 12,400 2005 0.42 2005 48 19.6
Gambia 920 1,280 2003 047 2003 63.0 57.0 613 2003 343 56.7
Ghana 900 1,320 2006 043 2005-06 392 108 285 2006 300 536
Guinea 760 970 2003 043 1994 40.0 2003 70.1 872
Guinea-Bissau 480 520 2002 0.36 1988 0.62 2002 488 779
Kenya 1,120 1,560 2005-06 048 2005/06 49.7 344 46.6 2005-06 19.7 399
Lesotho 1,320 1,970 2002-03 0.53 1989-90 0.49 2002/03"! 60.5 415 56.3 2002-03 434 622
Liberia 290 310 2007 0.53 2007 837 94.8
Libyan Arab Jamahiriya 16,270
Madagascar 790 1,050 2005 0.47 2005 535 520 68.7 2005 678 89.6
Malawi 600 810 2004-05 0.39 1993 0.52 2004-05 559 254 524 2004-05'4 739 904
Mali 710 1,100 2006 039 2006 514 77.1
Mauritania 1,410 2000 0.39 2000 612 254 46.3 2000 212 4.1
Mauritius 8,040 12,580
Mayotte
Morocco 2510 4,190 2007 041 1996 0.62 1998-99 272 120 19.0 2007 25 140
Mozambique 420 770 2002-03 047 2002-03 54.1 516 552 2002-03 747 90.0
Namibia 4,160 6,250 1993° 0.74 1997 0.36 199315 49.1 622
Niger 500 680 2005 0.44 1989-93 66.0 520 63.0 2005 65.9 85.6
Nigeria 1,130 1,980 2003-04 043 1992-93 364 304 34.1 2003-04 644 839
Réunion
Rwanda 580 Lo 2000 0.47 2005-06'! 62.5 56.9 2000 76.6 903
Saint Helena
Sdo Tomé and Principe 1,790 2000-01 0.51 2000-01 284 56.6
Senegal 1,270 1,780 2005 0.39 1998 0.50 1992 404 237 334 2005 335 603
Seychelles 15,310 19,650 2006-07 0.02 2006-07 <2 <2
Sierra Leone 360 770 2003 043 2003-04 790 56.4 702 2003 534 76.1
Somalia
South Africa 6,470 9,790 2000 0.58 2008 220 2000 262 49
Sudan 1,070 1,920
Swaziland 3,650 5,000 2000-01 051 2000-01 629 81.0
Togo 690 830 2006 0.34 2006 387 69.3
Tunisia 4590 7,460 2000 041 1993 0.70 1995 139 36 76 2000 26 128
Uganda 680 1,140 2005 043 1991 0.59 2005-06'! 342 137 311 2005 515 756
United Republic of Tanzania 770 1,260 2000-01 0.35 2000-01 387 295 357 2000-01 88.5 96.6
Western Sahara W
Zambia 840 1,230 2004-05 051 2004 78.0 53.0 68.0 2004-05 643 81.5
Zimbabwe 210 . 1995 0.50 1995-96 48.0 79 349
ASIA
Afghanistan 1,100° 2007 45.0 27.0 420
Armenia 2,090 6310 2007 0.30 2001 487 519 50.9 2007 37 21.0
Azerbaijan 2,060 7,770 2005 0.17 RS 2001 420 55.0 49.6 2005 <2 <2
Bahrain 20030 33430
Bangladesh 820 1,450 2005 031 1996 0.62 2005 438 284 40.0 2005 49.6 81.3"7
Bhutan 2,330 4820 2003 0.47 2003 262 49.5
Brunei Darussalam 42,050
Cambodia 860 1,870 2007 0.44 e 2007 347 . 30.1 2007 258 57.8
China 2,330 6,010 2005 0.42 2006 25 2005 159 36.3'
China, Hong Kong SAR 26520 44,000 199¢° 043
China, Macao SAR 20,250
Cyprus 18710 24,980
Democratic People's Republic of Korea .
Georgia 2,140 4920 2005 041 2003 527 562 545 2005 134 304
India 1,500 2,930 2004-05 0.37 1999-2000 302 247 286 2004-05 41.6 756'8

Indonesia 2,200 3,600 2007 0.38 1993 0.46 2004 20.1 12.1 16.7 2007 294 60.0
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TABLE B.5

continued

Gross national income Inequality National poverty line International poverty line

PPP $/capita
Income / Land Population Population
consumption
2000 2008’ Survey Gini Survey Gini Survey Rural Urban  National Survey Below Below
year? index year index year % % % year’ US$1.25/day US$2/day

Iran (Islamic Republic of) 6,790 2005 0.38 2005 <2 80
Iraq
Israel 21,480 27,450 2001° 0.39
Japan 25950 35,190 1993° 0.25 1995 0.59
Jordan 3240 5720 2006 0.38 1997 0.78 2002 187 129 142 2006 <2 35
Kazakhstan 4,450 9,720 2007 031 2002 154 2007 <2 <2
Kuwait 35410
Kyrgyzstan 1,250 2,150 2007 0.34 2005 50.8 29.8 4.1 2007 34 275
Lao People's Democratic Republic 1,130 2,050 2002-03 033 1999 0.39 2002-03 335 2002-03 440 76.8"7
Lebanon 7710 11,750
Malaysia 8350 13,740 2004° 0.38 1989 155 2004 15 <2 78
Maldives 2,920 5290 2004 0.37
Mongolia 1,790 3470 2007-08 0.37 2002 434 303 36.1 2007-08 22 13.6
Myanmar
Nepal 800 1,120 2003-04 0.47 1992 0.45 2003-04 346 9.6 309 2003-04 55.1 776
Occupied Palestinian Territory
Oman 15,100
Pakistan 1,690 2,590 2004-05 031 1990 0.57 1998-99 359 242 326 2004-05 226 603
Philippines 2,430 3,900 2006 0.44 1991 0.55 1997 369 1.9 25.1 2006 226 45.0
Qatar 2006-07 041
Republic of Korea 17,130 27,840 1998° 0.32 1990 0.34
Saudi Arabia 17500 24,500
Singapore 32870 47970 1998° 043
Sri Lanka 2,660 4,460 2002 041 S 2002 79 247 27 2002 140 397
Syrian Arab Republic 3,150 4,490
Tajikistan 800 1,870 2004 0.34 2007 55.0 494 535 2004 215 50.8
Thailand 4850 7,770 2004 043 1993 047 1998 136 2004 <2 .5
Timor-Leste 790 4,690° 2007 0.32 2007 372 728
Turkey 8730 13,420 2006 041 1991 0.61 2002 345 220 27.0 2006 26 82
Turkmenistan 1,930 6,130 1998 041 1998 248 49.6
United Arab Emirates 41,610
Uzbekistan 1,420 2,660° 2003 0.37 2003 29.8 226 272
Viet Nam 1,390 2,700 2006 0.38 1994 0.53 2002 356 6.6 289 2006 215 484
Yemen 1,710 2220 2005 0.38 1998 45.0 308 418 2005 17.5 46.6
EUROPE
Albania 4,100 7,520 2005 0.33 1998 0.84 2005 242 112 185 2005 <2 78
Andorra
Austria 28290 37,360 2000° 0.29 1999-2000 0.59
Belarus 5120 12,120 2007 0.29 2004 174 2007 <2 <2
Belgium 28,180 35380 2000° 0.33 1999-2000 0.56
Bosnia and Herzegovina 4,620 8,360 2007 0.36 2007 <2 <2
Bulgaria 6,180 11,370 2003 0.29 2001 12.8 2003 <2 <2
Channel Islands
Croatia 10910 17,050 2005 0.29 2004 1.1 2005 <2 <2
Czech Republic 14,650 22,890 199¢° 0.26 2000 0.92 19965 <2 <2
Denmark 28220 37,530 1997° 0.25 1999-2000 051
Estonia 9,530 19,320 2004 0.36 2001 0.79 2004 <2 <2
Faeroe Islands
Finland 25490 35940 2000° 0.27 1999-2000 0.27
France 25680 33,280 1995° 0.33 1999-2000 0.58
Germany 25700 35950 2000° 0.28 1999-2000 0.63
Gibraltar
Greece 18,460 28300 2000° 0.34 1999-2000 0.58
Holy See
Hungary 11,740 18210 2004 0.30 1997 173 2004 <2 <2
Iceland 28,060 25,300
Ireland 24690 35710 2000° 0.34
Isle of Man
Italy 25400 30,800 2000° 0.36 1999-2000 0.73
Latvia 8,260 16,010 2007 0.36 2001 0.58 2004 127 59 2007 <2 <2
Liechtenstein
Lithuania 8720 17,170 2004 0.36 2004 <2 <2
Luxembourg 46,750 52,770 1999-2000 0.48
Malta 18,380
Moldova 1,490 32708 2007 0.37 2002 672 46 485 2007 24 .5
Monaco 2007-08 0.37
Montenegro 5,940 13,420 2007 0.37 2007 <2 <2
Netherlands 30,040 40,620 1999° 031 1999-2000 0.57
Norway 35640 59,250 2000° 0.26 1999 0.18
Poland 10,470 16,710 2005 0.35 2002 0.69 2001 148 2005 <2 <2
Portugal 16,670 22,330 1997 0.39 1999-2000 0.74
Romania 5,780 13,380 2007 0.32 2002 289 2007 <2 4.1
Russian Federation 7420 15,460 2007 0.44 2002 19.6 2007 <2 <2
San Marino

Serbia 5,630 10,380 2008 0.28 2008 <2 <2
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continued

Gross national income Inequality National poverty line International poverty line

PPP $/capita
Income / Land Population Population
consumption
2000 2008’ Survey Gini Survey Gini Survey Rural Urban  National Survey Below Below
year? index year index year % % % year’ US$1.25/day US$2/day

Slovakia 10,810 21,460 199¢° 0.26 19965 <2 <2
Slovenia 17,490 27,160 2004 031 1991 0.62 2004 <2 <2
Spain 21,140 30,830 2000° 0.35 1999-2000 0.77
Sweden 27,530 37,780 2000° 0.25 1999-2000 0.32
Switzerland 34,060 39210 2000° 0.34 1999 0.50
TFYR Macedonia* 6,030 9,250 2006 043 2003 23 217 2006 <2 53
Ukraine 3,170 7210 2008 0.28 2003 284 195 2008 <2 <2
United Kingdom 26,020 36,240 1999° 0.36 1999-2000 0.66
LATIN AMERICA AND THE CARIBBEAN
Anguilla
Antigua and Barbuda 11,420 19,660
Argentina 8,850 14,000 200610 0.49 1988 0.83 200" 359 2004'0.15 45 1.3
Aruba
Bahamas
Barbados
Belize 4,630 5,940° 1995 0.60
Bolivia 2,930 4,140 2007 0.57 2007 639 237 377 2007'¢ 1.9 219
Brazil 6810 10,080 2007° 0.55 1996 0.85 2002-03 41.0 175 215 2007'5 52 127
British Virgin Islands
Cayman Islands
Chile 8910 13,250 2006° 0.52 2006 137 2006'5 <2 24
Colombia 5,550 8430 2006° 0.59 2001 0.80 2006 62.1 39.1 45.1 2006'5 16.0 279
Costa Rica 6,610 10,960 2007° 0.49 2004 283 208 239 2007'% <2 43
Cuba
Dominica 5,300 8,300
Dominican Republic 4760 7,800° 2007° 0.48 2007"! 54.1 454 485 2007'% 44 123
Ecuador 4430 7,780 2007° 0.54 2006 61.5 249 383 2007'5 47 12.8
El Salvador 4,500 6,630° 2007° 047 2006'2 36.0 2738 307 2007'5 64 132
Falkland Islands (Malvinas)
French Guiana
Grenada 5910 8,430°
Guadeloupe
Guatemala 3,460 4,690° 2006° 0.54 2006 720 280 510 2006'5 1.7 243
Guyana 1,980 3,030 1998° 043 19985 77 16.8
Haiti 2001° 0.60 1995 66.0 2001'% 54.9 721
Honduras 2,490 3830° 2006° 0.55 1993 0.66 2004 704 295 50.7 2006'5 182 297
Jamaica 5,560 7370 2004 0.46 2000 25.1 128 187 2004 <2 58
Martinique
Mexico 8,960 14,340 2008° 0.52 2004 56.9 41.0 470 2008'5 40 82
Montserrat
Netherlands Antilles
Nicaragua 1,780 2,620° 2005 0.52 2001 0.72 2001 643 287 458 2005'5 158 318
Panama 6,830 12,630 2006° 0.55 2001 0.52 2003 368 2006'5 9.5 17.8
Paraguay 3,360 4,660 2007° 0.53 1991 0.93 1990"3 285 19.7 20.5 2007'% 6.5 142
Peru 4,750 7,950 2007° 051 1994 0.86 2004 725 40.3 516 2007'5 77 17.8
Puerto Rico
Saint Kitts and Nevis 9,720 15,490
Saint Lucia 6,860 9,020° 1995° 043 19955 209 40.6
Saint Vincent and the Grenadines 5010 8,570
Suriname 4400  6,680° 1999° 053 1999'% 15.5 272
Trinidad and Tobago 10,790 24240 1992° 0.40 1992 200 240 210 1992'5 42 135
Turks and Caicos Islands
United States Virgin Islands
Uruguay 8,170 12,550 2007° 047 2000 0.79 1998 247 2007'5 <2 43
Venezuela (Bolivarian Republic of) 8,360 12,850 2006° 043 1996-97 0.88 1997-99 520 20065 35 102
NORTHERN AMERICA
Bermuda
Canada 27,670 38710 2000° 0.33 1991 0.64
Greenland
Saint-Pierre-et-Miquelon
United States of America 35190 46,790 2000° 04! 1997 0.76
OCEANIA
American Samoa
Australia 26,690 37,250 1994 0.35
Cook Islands
Fiji 3,500 4320
French Polynesia
Guam
Kiribati 3,100 3,620
Marshall Islands
Micronesia (Federated States of) 2000 0.0l

Nauru
New Caledonia

2830

3276°
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TABLE B.5

continued

Gross national income Inequality National poverty line International poverty line

PPP $/capita
Income / Land Population Population
consumption
2000 2008’ Survey Gini Survey Gini Survey Rural Urban  National Survey Below Below
year? index year index year % % % year’ US$1.25/day US$2/day

New Zealand 19,450 25200 1997° 0.36
Niue
Northern Mariana Islands
Palau
Papua New Guinea 1,620 2,030° 1996 051 1996 413 16.1 375 1996 358 574
Pitcairn
Samoa 2,810 44105
Solomon Islands 1,970 2,230
Tokelau
Tonga 2,960 3,980°
Tuvalu

Vanuatu 2,930
Wallis and Futuna Islands

Sources: World Bank (2010) World Development Indicators 2010, World Bank, Washington, DC; World Bank (2006) World Development Report 2006, World Bank, Washington, DC.

Notes:
(1) Data are extrapolated from the 2005 International Comparison Program benchmark estimates, unless otherwise specified.
2) Data refers to expenditure shares by percentiles of population, ranked by per capita expenditure, unless otherwise specfied.
) Data are expenditure based unless otherwise specified.
) The former Yugoslav Republic of Macedonia.
) Estimate is based on regression.
) Data covers mainland Tanzania only.
) Data for Western Sahara is included in the data on Morocco.
) Data excludes Transnistria.
) Data refers to income shares by percentiles of population, ranked by per capita income.
0) Data includes urban areas only.
1) Data are from national sources.
2) Data refers to share of households rather than share of population.
3) Data covers Asuncion metropolitan area only.
4) Due to change in survey design, the most recent survey is not strictly comparable with the previous one.
5) Data is income based.
6) In purchasing power parity (PPP) dollars imputed using regression.
7) Refers to data adjusted by spatial consumer price index information.
8) Data covers weighted average of urban and rural estimates.
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Transport Infrastructure

Roads Motor vehicles Railways
Total Paved Passengers  Goods hauled Number per Route Passengers  Goods hauled
(km) (%) (m-p-km) (m-t-km) 1000 population (km) (m-p-km) (m-t-km)
2000-2007' 2000-2007' 2000-2007' 2000-2007' 1990 2007 2000-2008' 2000-2008' 2000-2008'
AFRICA
Algeria 108,302 702 55 91 3572 937 1,562
Angola 51,429 104 166,045 4,709 19 40
Benin 19,000 9.5 3 21 758 36
Botswana 25,798 332 18 113 888 94 674
Burkina Faso 92,495 42 4 I 622
Burundi 12,322 104 6
Cameroon 51,346 84 10 977 379 978
Cape Verde
Central African Republic 24,307 | 0
Chad 40,000 08 2 6
Comoros
Congo 17,289 5.0 18 26 795 211 234
Céte d'lvoire 80,000 8.l 24 639 675
Democratic Republic of the Congo 153,497 1.8 5 4,007 95 352
Djibouti
Egypt 92,370 81.0 29 5,063 40,830 4,188
Equatorial Guinea
Eritrea 4010 218 | I
Ethiopia 4,429 128 219,113 2,456 | 3
Gabon 9,170 102 32 810 9 2,502
Gambia 3742 193 16 13 7
Ghana 57614 149 8 33 953 85 181
Guinea 44348 9.8 4
Guinea-Bissau 3,455 27.9 7 33
Kenya 63,265 14.1 22 12 21 1917 250 1,399
Lesotho 5,940 183 I
Liberia 10,600 6.2 14 3
Libyan Arab Jamahiriya 83,200 572 291
Madagascar 49,827 1.6 6 854 10 |
Malawi 15451 45.0 4 9 791 4 33
Mali 18,709 18.0 3 9
Mauritania 11,066 268 10 728 47 7622
Mauritius 2,028 98.0 59 150
Mayotte
Morocco 57,799 62.0 1,212 37 71 1,989 3836 4959
Mozambique 30,400 187 4 10 316 114 695
Namibia 42,237 128 47 591 71 109
Niger 18,951 207 6 5
Nigeria 193,200 15.0 30 k]l 3,528 174 77
Réunion
Rwanda 14,008 19.0 2 4
Saint Helena
Sao Tomé and Principe
Senegal 13,576 293 I 20 129 384
Seychelles
Sierra Leone 11,300 80 10 5
Somalia 22,100 118 2
South Africa 362,099 173 434 139 159 24,487 13,865 106,014
Sudan 11,900 363 9 28 4,578 34 766
Swaziland 3,594 300 66 89 300 0 2
Togo 7520 316 24 2
Tunisia 19,232 65.8 16,611 48 103 2218 1,487 2,197
Uganda 70,746 23.0 2 7
United Republic of Tanzania 78,891 86 5 12 2,6002 475? 7282
Western Sahara
Zambia 66,781 220 14 18
Zimbabwe 97,267 19.0 32 106 2,583 1,580
ASIA
Afghanistan 42,150 293 23
Armenia 7515 89.8 2,693 434 5 105 845 27 354
Azerbaijan 59,141 494 11,786 8222 52 6l 2,099 1,047 10,021
Bahrain
Bangladesh 239226 9.5 | 2 2,835 5,609 870
Bhutan
Brunei Darussalam
Cambodia 38,257 63 201 3 |
China 3,583,715 707 1,150,677 975,420 5 32 60,809 772,834 2,511,804
China, Hong Kong SAR 2,009 100.0 66 72
China, Macao SAR
Cyprus
Democratic People's Republic of Korea 25,554 28
Georgia 20,329 386 5269 586 107 116 1,513 774 6,928
India 3,316,452 474 4 12 63,327 769,956 521,371
Indonesia 391,009 554 16 76 3370 14,344 4,390
Iran (Islamic Republic of) 172,927 728 34 16 7335 13,900 21,829
Iraq 45,550 843 14 . 2,032 6l 640
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TABLE B.6

continued
Roads Motor vehicles Railways
Total Paved Passengers ~ Goods hauled Number per Route Passengers  Goods hauled
(km) (%) (m-p-km) (m-t-km) 1000 population (km) (m-p-km) (m-t-km)
2000-2007' 2000-2007' 2000-2007' 2000-2007' 1990 2007 2000-2008' 2000-2008' 2000-2008'
Israel 17,870 100.0 210 305 1,005 1,968 1,055
Japan 1,196,999 793 947,562 327,632 469 595 20,048 255,865 23,032
Jordan 7,768 100.0 60 137 251 789
Kazakhstan 93,123 903 103,381 53816 76 170 14,205 14,450 214,907
Kuwait 5749 85.0 502
Kyrgyzstan 34,000 9Ll 6,468 819 44 59 417 60 849
Lao People's Democratic Republic 29811 134 9 21
Lebanon 6,970 321
Malaysia 93,109 798 124 7 1,665 2,268 1,350
Maldives
Mongolia 49,250 35 557 242 21 6l 1810 1,400 8261
Myanmar 27,000 1.9 2 7 4,163 885
Nepal 17,280 56.9 5
Occupied Palestinian Territory 5,147 100 16
Oman 48,874 413 130 225
Pakistan 260,420 654 263,788 129,249 6 I 7,791 24731 6,187
Philippines 200,037 9.9 10 n 479 83
Qatar 7,790 90.0 724
Republic of Korea 102,061 776 97,854 12,545 79 338 3,381 32,025 11,566
Saudi Arabia 221372 215 165 2,758 337 1,748
Singapore 3297 100.0 130 149
Sri Lanka 97,286 81.0 21,067 21 58 1,463 4767 135
Syrian Arab Republic 40,032 100.0 589 26 52 2,139 1,120 2,370
Tajikistan 27,767 150 14,572 3 38 616 53 1,274
Thailand 180,053 98.5 46 4429 8,037 3,161
Timor-Leste
Turkey 426,951 209,115 177,399 50 131 8,699 5,097 10,104
Turkmenistan 24,000 812 106 3,181 1,570 10,973
United Arab Emirates 4,030 100.0 121 313
Uzbekistan 81,600 873 1,200 4230 2,264 21,594
Viet Nam 160,089 476 49,372 20,537 13 3,147 4,659 3910
Yemen 71,300 87 34 35
EUROPE
Albania 18,000 39.0 197 2,200 1 102 423 51 53
Andorra
Austria 107,206 100.0 69,000 26411 41 556 5,755 10,275 18,710
Belarus 94,797 886 9,353 15,779 61 282 5491 8,188 47933
Belgium 153,070 782 130,868 51,572 2 539 3513 10,403 7,882
Bosnia and Herzegovina 21,846 523 300 114 170 1,016 78 1,237
Bulgaria 40,231 984 13,688 11,843 163 295 4,159 2,335 4,673
Channel Islands
Croatia 29,038 89.1 3277 10,175 377 2,72 1,810 3312
Czech Republic 128,511 100.0 90,055 46,600 246 470 9,487 6,759 15,961
Denmark 72412 100.0 70,635 11,495 368 466 2,133 5,843
Estonia 58,034 288 3,190 7,641 211 444 816 274 5,683
Faeroe Islands
Finland 78,889 654 71,300 26,400 441 559 5919 4,052 10,777
France 951,125 100.0 775,000 313,000 494 600 29,901 88,283 41,530
Germany 644,471 100.0 966,692 461,900 405 623 33,862 76,997 91,178
Gibraltar
Greece 117,533 91.8 18,360 248 LA 2,552 2,003 786
Holy See
Hungary 195,719 377 11,784 30,495 212 384 7942 5927 7,786
Iceland
Ireland 96,602 100.0 15,900 270 537 1919 1,976 103
Isle of Man
Italy 487,700 100.0 97,560 192,700 529 677 16,862 46,998 19918
Latvia 69,687 100.0 2,664 2,729 135 459 2,263 951 17,704
Liechtenstein
Lithuania 80,715 286 42,739 18,134 160 479 1,765 398 14,748
Luxembourg
Malta
Moldova 12,755 857 1,640 1,577 53 120 1,156 485 3,09
Monaco
Montenegro
Netherlands 126,100 90.0 77,100 405 503 2,896 15313
Norway 92,920 796 60,597 14,966 458 572 4,114 2,705
Poland 258910 903 27,359 136,490 168 451 19,627 17,958 39,200
Portugal 82,900 86.0 45,032 222 507 2842 3814 2,550
Romania 198,817 302 7,985 51,531 72 180 10,784 6,880 12,861
Russian Federation 933,000 80.9 78,000 199,000 87 245 84,158 175,800 2,400,000
San Marino
Serbia 39,184 62.7 3,865 452 137 244 4,058 749 4214
Slovakia 43,761 87.0 7816 2,114 194 282 359 2279 9,004
Slovenia 38,708 100.0 817 12,112 306 547 1,228 834 3,520
Spain 666,292 99.0 397,117 132,868 360 601 15,046 23,344 10,224

Sweden 427,045 317 109,300 40,123 464 523 9,830 7,156 11,500
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Roads

Total
(km)

2000-2007'

Paved
(%)

2000-2007'

Passengers
(m-p-km)

2000-2007'

Goods hauled

(m-t-km)

2000-2007'

Motor vehicles

Number per
1000 population

1990

2007

Railways

Route
(km)

2000-2008'

Passengers
(m-p-km)

2000-2008'

Goods hauled
(m-t-km)

2000-2008'

Switzerland

TFYR Macedonia®
Ukraine

United Kingdom

71,354
13,840
169,422
420,009

100.0
97.8
100.0

94,250
1,027
55,446
736,000

16,337
8299
26,625
166,728

491
132

63
400

569
136
140
527

3,499
699
21,676
16,321

18,367

148
53,056
51,759

16,227
743
257,006
12,512

LATIN AMERICA AND THE CARIBBEAN

Anguilla

Antigua and Barbuda
Argentina

Aruba

Bahamas

Barbados

Belize

Bolivia

Brazil

British Virgin Islands
Cayman Islands

Chile

Colombia

Costa Rica

Cuba

Dominica

Dominican Republic
Ecuador

El Salvador

Falkland Islands (Malvinas)
French Guiana

Grenada

Guadeloupe

Guatemala

Guyana

Haiti

Honduras

Jamaica

Martinique

Mexico

Montserrat

Netherlands Antilles
Nicaragua

Panama

Paraguay

Peru

Puerto Rico

Saint Kitts and Nevis
Saint Lucia

Saint Vincent and the Grenadines
Suriname

Trinidad and Tobago
Turks and Caicos Islands
United States Virgin Islands
Uruguay

Venezuela (Bolivarian Republic of)

231,374

62479
1,751,868

79814
164,278
36,654
60,856

12,600
£670
10,029

14,095

4160
13,600
20

360075

18,669
11,643
29,500
78,986
25,645

8320

77,732
96,155

300

70

55
22
%5
90
494
148
198

345
243
204
733
382

114
346
508
139
95.0

511

100
136

157
27
5,266

1819

449917

2032

3976
2133

5453

209392

21
52
19
19
27
295
17

138
9

314

6
198
164
152

3
123

6

351

176
147

35753
2866
29817

5,898
1,663

5,076

26,677

2020

2993
336

33
759

1,285

8

55

12871
1,060
267,700

4,296
9,049

1,351

71,136

627

284
8l

NORTHERN AMERICA
Bermuda

Canada

Greenland
Saint-Pierre-et-Miquelon
United States of America

1,409,000

6,544,257

399

65.3

493,814

7,940,003

184,774

1,889,923

605

758

597

814°

57216

227,058

3,056

9,935

358,154

2,788,230

OCEANIA

American Samoa
Australia

Cook Islands

Fij

French Polynesia

Guam

Kiribati

Marshall Islands
Micronesia (Federated States of)
Nauru

New Caledonia

New Zealand

Niue

Northern Mariana Islands
Palau

Papua New Guinea
Pitcairn

Samoa

815,074

93748

19,600

654

35

301,550

173,000

530

524

27

653

79

9,661

1,526

61,019
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TABLE B.6

continued
Roads Motor vehicles Railways
Total Paved Passengers ~ Goods hauled Number per Route Passengers  Goods hauled
(km) (%) (m-p-km) (m-t-km) 1000 population (km) (m-p-km) (m-t-km)
2000-2007' 2000-2007' 2000-2007' 2000-2007' 1990 2007 2000-2008' 2000-2008' 2000-2008'
Solomon Islands
Tokelau
Tonga
Tuvalu
Vanuatu

Wallis and Futuna Islands

Sources: World Bank (2005) World Development Indicators 2005, World Bank, Washington, DC.; World Bank (2010) World Development Indicators 2010, World Bank, Washington, DC.

Notes:

(1) Data are for the latest year available in the period shown.

(2) Includes Tazara railway.

(3) The former Yugoslav Republic of Macedonia.

(4) The number of passenger cars per 1,000 people is 429. Passenger cars as a subset of motor vehicles, are road motor vehicles other than two-wheelers, intended for the carriage of passengers and designed to seat no more
than nine peole (including the driver).

(5) Data are from the US Federal Highway Adminstration.

(6) Refers to class | railways only.
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TABLE B.7

Greenhouse Gas Emissions and Rate of Change

Carbon dioxide Methane Nitrous oxide Other greenhouse Total greenhouse
emissions emissions emissions gas emissions gas emissions
’000 % ’000 tonnes  From non- % ’000 tonnes  From non- % ’000 tonnes % ’000 tonnes %
tonnes change of CO, agricultural  change of CO, agricultural  change of CO, change of CO, change
equivalent  sources % equivalent  sources % equivalent equivalent
2005 1990-2005 2005 2005 1990-2005 2005 2005 1990-2005 2005 1990-2005 2005 1990-2005
AFRICA
Algeria 138,078 5.0 24310 847 2.1 10,330 109 12 110 35 172,828 42
Angola 9,849 82 37,020 60.9 114 28,350 64.1 303 0 75219
Benin 2,565 173 4,840 525 52 4,660 320 8.0 0 12,065
Botswana 4521 72 4,480 28.1 223.1 2,460 37 0 11,461
Burkina Faso 788 23
Burundi 169 3.0
Cameroon 3715 76 15,110 440 29 14,540 150 5.0 890 07 34255 40
Cape Verde 297 158
Central African Republic 234 12
Chad 392 112
Comoros 88 1.0
Congo 1,605 23 50,320 737 54 38,680 768 6.6 0 90,605
Cbte d'lvoire 8,160 27 15,320 794 122 12,350 750 268 0 35830
Democratic Republic of the Congo 2,143 32 5,750 88.2 77 2,250 844 1.6 0 10,143
Djibouti 473 12
Egypt 173,355 86 32,960 558 28 27810 144 43 1,820 -13 235,945 6.6
Equatorial Guinea 4338 2325
Eritrea 751 2410 224 1.0 2,350 09 5.0 0 5511
Ethiopia 5,485 55 47,740 228 15 63,130 1.4 1.6 0 116,355
Gabon 1,869 -4.6 2,040 95.6 23 40 49 52 0 4329
Gambia 319 45
Ghana 7467 6.0 8,630 504 42 10,520 1.4 88 170 0.7 26,787 6.1
Guinea 1,359 1.9
Guinea-Bissau 271 0.5
Kenya 10,944 59 20310 350 03 19,060 36 08 0 50314
Lesotho .
Liberia 736 35
Libyan Arab Jamahiriya 54,854 24 8,540 9Ll 02 2,050 83 -1.9 290 127 65734 1.8
Madagascar 2,796 122
Malawi 1,048 48
Mali 568 23
Mauritania 1,649 25
Mauritius 3,408 89
Mayotte
Morocco 47,496 6.8 13,240 584 3 15510 248 0.5 0 76,246
Mozambique 1,854 57 11,680 357 1.6 9,930 03 158 0 23,464
Namibia 2,712 2470.0 4,260 10.1 0.1 4620 09 0.6 0 11,602
Niger 927 0.8
Nigeria 113,786 10.1 78290 66.3 21 39,030 129 26 80 22 231,186 49
Réunion
Rwanda 766 0.8
Saint Helena
Sio Tomé and Principe 103 37
Senegal 5573 5.0 6,340 241 09 10,250 1.0 43 10 22,173
Seychelles 696 342
Sierra Leone 1,004 106
Somalia 253 85.3
South Africa 408,792 15 59,200 762 09 29,250 173 0.7 2,600 53 499,842 14
Sudan 10,992 6.5 67310 26.7 46 59,750 38 34 0 138,052
Swaziland 1,019 9.3
Togo 1,337 49 2,840 514 39 5470 112 1.7 0 9,647
Tunisia 22,783 48 4,390 65.8 12 7,230 58 46 30 34433
Uganda 2,338 124
United Republic of Tanzania 5,082 76 39,460 365 3 31,690 157 24 0 76232
Western Sahara
Zambia 2,363 02 16,770 314 47 11,410 349 9.2 0 30,543
Zimbabwe 11,542 2.0 10,400 39.6 03 10,160 29 0.9 20 32,122
ASIA
Afghanistan 700 49
Armenia 4346 2,300 49.1 -1.7 450 6.7 34 10 7,106
Azerbaijan 35,259 11,550 546 -1.4 4,040 6.4 0.0 50 -48 50,899
Bahrain 19,668 44 1,970 99.5 1.6 60 66.7 13 190 -6.0 21,888 28
Bangladesh 40,080 10.6 92,530 308 09 37,100 8.l 44 0 169,710
Bhutan 392 137
Brunei Darussalam 5,903 0.5 2,060 99.0 17 370 973 286 0 8333
Cambodia 3719 483 14,890 285 3,820 259 0.0 0 22429
China 5,621,470 89 995,760 500 0.7 566,680 73 16 119720 857 7,303,630 6.2
China, Hong Kong SAR 41,062 32 1,090 9.1 05 200 95.0 03 330 42,682
China, Macao SAR 2,308 82
Cyprus 7497 41 330 485 15 640 94 12 0 8467
Democratic People's Republic of Korea 83411 4.4 10,650 63.6 0.6 23,160 25 10.1 860 124 118,081 37
Georgia 4,79 4330 483 -1.7 3,390 50.7 0.0 10 12,526
India 1,422,808 71 712,330 352 09 300,680 70 22 9,510 12 2,445,328 39
Indonesia 330,537 8.0 224,330 588 1.6 69,910 274 LI 900 23 625,677 40

Iran (Islamic Republic of) 435,719 6.1 95,060 782 49 66,140 24 24 1,560 -1.8 598,479 53
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TABLE B.7

Cities and Climate Change

continued
Carbon dioxide Methane Nitrous oxide Other greenhouse Total greenhouse
emissions emissions emissions gas emissions gas emissions
’000 % ’000 tonnes  From non- % ’000 tonnes  From non- % ’000 tonnes % ’000 tonnes %
tonnes change of CO, agricultural  change of CO, agricultural  change of CO, change of CO, change
equivalent sources % equivalent  sources % equivalent equivalent
2005 1990-2005 2005 2005 1990-2005 2005 2005 1990-2005 2005 1990-2005 2005 1990-2005
Iraq 88,566 46 10,980 853 0.1 3,990 70 26 470 14 104,006 32
Israel 63,618 6.0 1,170 632 Il 1,820 165 03 1,140 24 67,748 55
Japan 1,299,243 0.7 53,480 86.6 0.5 23,590 50.7 -1.7 70,570 1.0 1,446,883 08
Jordan 21317 70 1,610 758 33 1,240 6.5 0.5 10 . 24,177
Kazakhstan 177,110 28,270 62.1 33 5,530 9.8 5.1 0 210910
Kuwait 89,805 8.0 11,200 98.5 43 540 185 17 390 37 101,935 75
Kyrgyzstan 5,566 3,520 2738 -1.7 3,260 12 -1.5 60 12,406
Lao People's Democratic Republic 1,407 333
Lebanon 17,481 6.2 980 81.6 23 1,020 6.9 25 0 19,481
Malaysia 183,171 149 25510 717 13 9,920 357 -1.0 530 30 219,131 9.5
Maldives 678 227
Mongolia 8,805 038 4,840 16.1 23 22,850 0.4 86 0 36,495
Myanmar 10,464 9.7 60,840 300 34 25,900 332 53 10 97,214
Nepal 3,166 26.6 36,040 19.5 04 7,100 1.5 1.6 0 46,306
Occupied Palestinian Territory 2,752
Oman 31,444 136 4,260 87.1 74 1,140 35 21 0 36,844
Pakistan 133,960 6.4 110,300 337 22 80,040 36 30 620 08 324920 38
Philippines 76,369 48 44,860 333 1.0 18,940 44 0.4 350 167 140,519 26
Qatar 46,676 19.8 5,190 98.5 88 280 143 37 0 52,146
Republic of Korea 473,836 6.4 31,280 68.9 09 22,020 639 88 8,700 4. 535,836 59
Saudi Arabia 366,766 47 63,500 98.1 40 7,720 79 0.4 1,530 22 439516 44
Singapore 59,514 1.8 1,260 952 47 7,970 992 2885 1,300 150 70,044 3.0
Sri Lanka 11,582 138 10,280 382 0.0 3,130 10.9 20 0 24992
Syrian Arab Republic 66,549 52 7,960 653 25 9,430 5.1 13 0 83,939
Tajikistan 5,800 3270 315 08 1,590 0.6 33 120 33 10,780
Thailand 270,894 122 78,840 239 1.0 27,990 12.1 2.1 940 27 378,664 6.8
Timor-Leste 176 .
Turkey 248295 46 23,140 40.5 -1.0 47,950 120 0.6 1,480 32 320,865 30
Turkmenistan 41,726 23,060 848 20 3,200 213 -1.5 250 68,236
United Arab Emirates 135,594 9.8 34,250 983 53 2,730 9.5 129 480 79 173,054 87
Uzbekistan 112,481 51,480 76.8 1.6 14,660 17 0.2 760 179,381
Viet Nam 101,764 25.0 75,080 332 28 37,470 5.1 113 10 214,324
Yemen 20,159 9,040 723 6.4 7,080 Il 26 10 36,289
EUROPE
Albania 4532 2.6 2,170 300 02 1,390 29 27 50 8,142
Andorra
Austria 72,767 13 7210 499 08 4,620 147 -1.3 3310 1.6 87,907 1Ll
Belarus 64,289 16,620 612 09 10,360 344 2.1 440 91,709
Belgium 109,312 0.1 7610 40.3 -1.7 9,650 346 09 9,380 4744 135,952 04
Bosnia and Herzegovina 25,593 2,850 674 28 1,020 17.6 -0.7 850 57 30,313
Bulgaria 46,958 26 6,140 67.3 2.4 5,880 355 37 650 59,628
Channel Islands
Croatia 23,600 3,690 702 04 3,590 362 0.4 720 05 31,600
Czech Republic 114,636 14,930 828 22 6,570 250 2.6 3,530 1170.0 139,666
Denmark 46,793 0.5 4920 323 09 7,380 214 -1.7 1,460 308 60,553 0.6
Estonia 18,203 1,230 65.0 -35 610 164 42 60 20,103
Faeroe Islands 678 0.6
Finland 54,755 0.5 5470 69.7 -1.7 5,330 40.5 08 1,030 245 66,585 0.2
France 394,360 0.1 43,520 289 -1.6 78,090 27 08 27,010 10.1 542,980 0.1
Germany 803,065 58,100 60.8 -3 69,470 258 0.7 41,980 183 972,615
Gibraltar
Greece 98,847 24 7410 60.9 1. 13,090 87 0.0 1,620 70 120,967 20
Holy See
Hungary 58,778 03 11,050 81.7 -1.5 8,760 240 -1.8 1,540 6.8 80,128 07
Iceland 2,184 04 330 455 04 650 40.0 37 80 -6.0 3244 07
Ireland 44,001 28 3,660 68.0 4.6 12,320 74 03 2,050 117.6 62,031 08
Isle of Man
Italy 469,798 0.7 36,670 623 09 37,200 29.5 0.3 27,710 321 571,378 08
Latvia 7,057 2,290 707 -3 1,390 1.5 32 110 10,847
Liechtenstein
Lithuania 13,989 3,650 61.9 35 2,860 9.8 21 150 20,649
Luxembourg 11,318 1.0 180 100.0 -1.7 80 100.0 40 50 11,628
Malta 2,587 1.0 100 60.0 0.7 50 200 0.0 0 2,737
Moldova 8,138 2,590 69.1 -3 970 52 47 360 12,058
Monaco
Montenegro
Netherlands 174,890 03 15,180 508 14 16,800 485 09 5,300 07 212,170 0.0
Norway 60811 6.3 12,080 85.7 39 4,680 470 08 1,770 43 79,341 4.
Poland 303,346 0.8 60,060 81.6 22 26,110 275 -12 1,270 1.7 390,786 -1l
Portugal 65413 32 7,140 47.1 03 7,000 193 0.1 1,050 472 80,603 25
Romania 91,791 -2.8 23,260 69.9 3.0 11,790 304 35 2,220 32 129,061 29
Russian Federation 1,514,412 501,380 92.1 14 42,650 238 45 56,600 128 2,115,042
San Marino
Serbia
Slovakia 37,666 5290 80.5 19 2,760 40 27 710 466.7 46,426
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TABLE B.7

continued
Carbon dioxide Methane Nitrous oxide Other greenhouse Total greenhouse
emissions emissions emissions gas emissions gas emissions
’000 % ’000 tonnes  From non- % ’000 tonnes  From non- % ’000 tonnes % ’000 tonnes %
tonnes change of CO, agricultural  change of CO, agricultural  c