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Climate change and cities

   2.1   Introduction  1         

     Cities are central to the climate change challenge, and their 
position is ever more important as the world’s population is 
becoming increasingly urban. City governments can play an 
active role in attempting to mitigate climate change, as well as 
in sheltering their residents from the negative consequences of 
climate change. In this chapter, we examine the connections 
between cities and the management of these negative conse-
quences of climate change.  

 Climate change affects hazard, vulnerability, and risk expo-
sure in cities through a variety of direct and indirect relation-
ships. Cities in many ways were fi rst created as a means to more 
effi ciently protect populations from hazards, whether they be 
physical (e.g., storms,  droughts   ) or social (e.g., war, civil unrest) 
in origin. The very fact that cities are population centers illus-
trates the tension that city managers face with respect to hazards. 
They can be expected to help protect the populations that live 
within their cities’ borders; while, at the same time, the concen-
tration of population in cities means that when disaster strikes a 
large number of people could be adversely impacted.  

 City governments are beginning to put a greater focus on 
adapting their cities to the inevitable effects of climate change. 
In its 2007 Fourth Assessment Report (AR4), the Intergov-
ernmental Panel on Climate  Change    (IPCC,  2007a ) concluded 
that there is a greater than 90 percent chance that the average 
global  temperature    increase over the last century was prima-
rily caused by human activity. However, in the context of 
cities, several climate-induced challenges, such as increased 
fl ooding potential and its impacts on water supply, are still 
largely understudied.  

 Climate change and increased climate variability will alter 
the environmental baselines of urban locales. Shifts in climate 
and increased frequency of extreme events have direct impacts 
on water availability and quality, fl ooding and drought perio-
dicity, and water demand. These dynamic changes will affect 
system processes within multiple sectors in cities interactively, 
increasing the uncertainty under which urban managers and 
decision-makers must operate.  

 In turn, a central objective of this chapter is to review how 
this new information and  uncertainty    about climate risk is being 
integrated into effective and effi cient adaptation planning at the 
city level. To address this issue, the chapter fi rst focuses broadly 
on the connection between climate change adaptation and more 
established disaster risk reduction strategies. Derived from these 
connections, we then present a climate risk assessment-based 
analysis of adaptive capacity in a diverse set of four city-focused 
case studies.           

   2.2   Urban disasters and hazard dynamics 
in the context of climate change  

 At the global level, the  IPCC    Working Group I identifi ed four 
major aspects of climate change relevant to cities (IPCC,  2007a ). 
First, heat  waves    are very likely to increase in frequency over 
most land areas. Second, heavy precipitation events are very 
likely to increase in frequency over most areas; available data 
suggest that a signifi cant current increase in heavy rainfall events 
is already occurring in many urbanized regions. The resulting 
risk poses challenges to urban society, physical infrastructure, 
and water quantity and quality. Third, the area affected by 
drought is likely to increase. There is high confi dence that many 
semi-arid areas will suffer a decrease in water  resources    due to 
climate change. Drought-affected areas are projected to increase 
in extent, with the potential for adverse impacts on multiple sec-
tors, including  food    production, water  supply   , energy supply, and 
health. Fourth, it is likely that intense tropical  cyclone    activity 
will increase. It is also likely that there will be increased inci-
dence of extreme high sea levels (excluding tsunamis).  

 Further, the IPCC ( 2007b ) Working Group  II    lays emphasis on 
conceptual issues regarding urban climate change with a focus 
on economic and social sectors in its  Chapter 7  on Industry, 
Settlements, and Society. The review identifi es four key fi nd-
ings with  very high  or  high  confi dence. First, climate change 
effects can amplify the risks that cities face from non-climate 
stresses. These non-climate stresses include: large slum popu-
lations that live in low-quality housing lacking access to basic 
social services; city-wide lack of access to effective and effi cient 
physical infrastructure; often poor quality of urban air, water, 
and waste  disposal    systems; lack of land use planning and other 
urban governance systems among others. Further, the climate 
change associated risks for cities stem primarily from extreme 
events – implying that cities need to assess risk for  droughts   , 
fl oods, storms, and heat waves, in order to plan and implement 
adaptation strategies. However, gradual changes such as a rise in 
mean  temperature    do affect cities in at least two signifi cant ways: 
by increasing the frequency and intensity of extreme  events    and 
burdening existing infrastructure.   

   2.3       Climate risk and key urban 
sector impacts  

 Climate change and  disasters    affect critical socio-economic 
sectors in settlements (both formal and informal), water and 
energy  supply    and  demand   , and public health. Climate change 
impacts on these key sectors and the implications for disaster 
risk reduction effectiveness are presented in the following sec-
tion. The impacts include (i) increased system variability and 

  1     The basic outline of the chapter was presented at the World Bank Fifth Urban Research Symposium, June 2009, Marseille, France. Case studies were adapted from an 
unpublished manuscript. Mehrotra  et al . (2009)  Framework for City Climate Risk Assessment .  
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potential instability, (ii) increased potential for declines in sys-
tems productivity, (iii) challenges to current system effi ciency, 
and (iv) exacerbation of existing inequities.  

     In urban areas, inequities will become more apparent as popu-
lations will be differentially able to relocate away from highly 
vulnerable locations, leading to changes in the spatial distribu-
tion and density of both formal and informal settlements. Degra-
dation of building materials is also projected to occur. As warmer 
temperatures extend into higher latitudes,  diseases    never before 
seen might appear, or diseases that had long been considered 
eradicated may re-emerge. The health ramifi cations in some areas 
could be disastrous, especially in densely populated informal 
settlements. Water  supply    and  demand    will be affected as areas 
under drought will expand. While precipitation is expected to 
increase in some areas, water availability is projected to eventu-
ally decrease in many regions, including those where water is 
supplied by meltwater from mountains. For energy supply and 
demand, climate change will put increased pressure on energy 
infrastructure via rising cooling demand, as well as greater like-
lihood of supply disruption from extreme event impacts.      

 Increased variability and instability of sector operation could 
in some cases lead to benefi cial conditions. For example, future 
climate change could result in more favorable winter conditions 
in many northern-latitude cities. In most situations, however, the 
impacts will be more likely to be detrimental to sector operation, 
especially in poor countries that will be affected the most by 
climate change, and result in declines in system effi ciency and 
production, e.g., decline in local agricultural productivity, more 
frequent drinking water  shortages    in cities, and loss of housing 
to fl ooding and storm surge. Even if these impacts are not evi-
dent in the short or medium term, enhanced climate change 
increases the potential for these types of losses, and potential 
secondary impacts such as increased rural-to-urban migration if 
rural agricultural systems become less viable. Local and national 
management regimes need to be ready to respond to these new 
possibilities. For example, the drought of record or similar base-
line can no longer be seen as the most extreme and as the bench-
mark for disaster and hazard planning.  

 Sectoral impacts from climate change will refl ect the under-
lying social and environmental conditions within cities. People 
and places that are most vulnerable and least resilient will be 
those most affected by climate change. Urban residents of 
already drought-prone and water-limited areas of cities will be 
more likely exposed to increased climate variability. Other urban 
poor already living in higher-risk sites in cities, such as fl ood-
plains or hill slopes, will be affected by more frequent and more 
severe fl oods or more massive landslides and mass wasting of 
hillsides.  

 In summary, climate change-related, sectoral impacts present 
a variety of challenges and opportunities for disaster risk  reduc-
tion    strategies. The challenges include a need for continuing 
reevaluation of existing plans and efforts to determine if they 
are to be responsive to the increased dynamism and changing 

baseline of the local environment; to the presence of increased 
numbers of more intensively marginalized and less-resilient 
populations and places; and to increased competition for limited 
funding and resources for climate change-related impacts (i.e., 
government funding and attention could be drawn away from 
disaster planning if the focus turns to address increasingly dif-
fi cult economic and social stresses present in many cities).  

 The question of how to develop effective climate change 
adaptation strategies within the context of disaster risk reduction 
management approaches and a multitude of other demanding city-
scale public policy pressures is discussed in the next section.              

 2.4   Climate change adaptation and 
disaster risk reduction: comparison, 
contrasts, and emerging synergies  

     The basic assumptions and institutional conditions under 
which climate change adaptation strategies and disaster risk 
reduction activities have emerged are reviewed here, as well as 
areas where additional potential opportunities for synergy within 
the urban context are starting to emerge.  

 Urban climate change adaptation strategy efforts have 
responded to increased awareness of the potential threat of cli-
mate change and enhanced climate  variability   . In the past decade, 
government and international organizations within cities have 
begun to assess how climate change could have a wide variety 
of primary and secondary impacts. The foundation for emerging 
climate change and adaptation  policy    has been science- based    
studies and  assessments   . Premier examples of such efforts are the 
four major assessment reports of the Intergovernmental Panel on 
Climate  Change   , which have been produced since 1990. These 
reports, along with a host of regional and national scientifi c reports 
as well as city-based  assessments   , serve as the basis for city-scale 
action. The administrative response to the emerging pressure 
of climate change impacts and associated scientifi c assessment, 
however, remains largely diffuse and uneven, often-times driven 
by a single agency or concerned offi cials within several agen-
cies, without fi rm legislative mandates, and/or without fi nancial 
or human resources to implement action plans. In many least 
developed country cities, if a climate change adaptation agenda 
exists it is often buried in environmental ministries or agencies 
that have very little voice and often even less infl uence.  

 In other managerial contexts, urban theorists and practitioners, 
with their emphasis on rational comprehensive planning as the 
primary tool to regulate city development, have evolved into 
a more bottom-up community-oriented approach of advocacy 
planning widely used in urban governance in the past decade 
(Campbell and Fainstein,  1996 ). Here as well, most city man-
agers do not yet address climate change in their policy planning 
and strategies largely because city-specifi c risks remain unde-
fi ned and more short-term problems, such as lack of basic serv-
ices or overextended and aging infrastructure, take precedence.  
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 Where climate change concerns are actually being recog-
nized by policymakers and managers at the local level, climate 
 risk    literature looks predominantly at hazards – tempera-
ture, precipitation, and sea level trends and projections. This 
emphasis can be explained by the fact that in the near future 
most climate change impacts are likely to be in the form of 
enhanced climate  variability   , i.e., increased frequency and 
intensity of extreme events. While the observed and projected 
trends in climate parameters are a prerequisite to any assess-
ment of climate risk and associated management strategies, 
in the context of cities two additional vectors are critical and 
often neglected – namely vulnerability and adaptive capacity. 
Vulnerability of a city is determined by a host of internal char-
acteristics of the city set within a larger socio-environmental 
context. Adaptive  capacity    is a function of the ability and will-
ingness of the city stakeholders to respond to and prepare for 
future climate-induced stresses.  

 In contrast to recent developments in climate change adap-
tation strategy action, disaster risk reduction planning devel-
oped out of much longer term efforts over the past half century 
in cities to provide emergency disaster response and recovery 
services for affected populations and economies (Blaikie et al. 
1994; Helmer and Hilhorst, 2006; O’Brien et al., 2006). Pre-
vious to this, indigenous disaster resilience techniques were 
used. Disaster risk reduction planning and efforts in most cities 
emerged only after a major catastrophe occurred and where the 
potential for coherent local and national response efforts was 
possible. Prior to the past several decades, defi cient communica-
tion and transportation infrastructure, political instability, and/
or lack of governance structure made the response to disasters 
in cities quite limited. These challenges are still present in many 
less-developed countries’ cities.  

 In further contrast to climate change adaptation, disaster risk 
reduction efforts typically grew out of public safety and civil 
defense mandates in the wake of a major event, instead of scien-
tifi c study as with climate change and IPCC-style  assessments   . 
In its origin, urban disaster management focused largely on 
response and recovery to address the immediate pain and suf-
fering of disaster aftermath rather than the underlying socio-
economic foundations of vulnerability and adaptive capacity.  

 In the past two decades, as it became clear that disasters 
cannot be managed only as one-time events to be dealt with 
through humanitarian response and economic reconstruction, 
a signifi cant amount of focus in disasters work has shifted 
toward a new approach that addresses the root causes of dis-
aster vulnerability through either structural or non-structural 
adaptations (Blaikie et al., 1994). The new perspective has 
engendered considerable focus on risk assessment, institu-
tional capacity building, risk mitigation investments, emer-
gency preparedness, and catastrophe risk fi nancing. Examples 
of signifi cant improvements include development and imple-
mentation of building  codes   , early warning systems, drainage 
systems, hazard mapping, agricultural insurance, and fi nancial 
risk pools.  

 Another central difference between climate change adaptation 
and disaster risk reduction as they are currently implemented in 
cities is the type of events they address and the implication of the 
events. Coupled with these distinctions are differing defi nitions 
and terminologies (for terms like hazard, risk, and sensitivity), 
which further divide the communities. For example, disaster risk 
reduction focuses on extreme events, the damage they cause, and 
short-term response. These extreme  events    often are conceptual-
ized and defi ned as aberrant, isolated moments outside the norm, 
and the appropriate government response should to be bring the 
environment and social life in the affected zone “back to normal” 
as soon as possible. Climate change can exacerbate existing dis-
aster risks and increase the potential for new risk levels, but in 
many cases causes gradual changes that are not typically asso-
ciated with disasters – e.g., shifts in ecosystem zones that can 
affect local and regional hydrology, and spread of public health 
disease vectors, and changes in heating and cooling energy 
 demand   . Under climate change, extreme events and gradual 
shifts are seen as part of an increasingly variable and dynamic 
physical environment and that new “normal” conditions are con-
stantly evolving.  

 While the origins and basic precepts are different, there is a 
large amount of common ground between climate change adap-
tation and disaster risk reduction planning in cities (Huq et al., 
2004). They share a common goal: managing hazards, building 
resilience and adaptive capacity in vulnerable communities. 
Adaptation strategies and disaster risk reduction increasingly 
are connected by their dual focus on the signifi cance and impact 
of extreme climate events; analysis of the root cause of exposure 
and vulnerability and integration of these concepts into plan-
ning and action; and the signifi cant role of management. Both 
communities seek to mainstream their activities (i) through 
the development of management plans aiming to incorporate 
these into the local and regional development plans and strate-
gies, and (ii) by having existing agencies and departments and 
local governments integrate key sectoral guidelines and issues 
into their planning and implementation activities. Both com-
munities support local capacity building and have an increasing 
recognition of the importance of both expert knowledge and 
local knowledge in addressing their policy concerns. We further 
explore and assess this blending of the two sets of activities in 
the next section.           

   2.5   Convergence of climate change 
adaptation and disaster risk reduction 

in the urban context  

     Climate change and potential adaptation strategies are con-
nected with existing disaster  response    and hazard management 
strategies in several ways (ICS, 2008; International Strategy For 
Disaster Reduction, 2010; Mercer, 2010). Disaster risk reduction 
management includes several phases such as risk assessment 
and preparedness planning; response, relief, and recovery; and 
structural hazard mitigation activities and non-structural hazard 
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mitigation activities. Conditions of climate change and increased 
climate variability can affect the success and effectiveness of 
critical phases of disaster and hazard  management   . Such inter-
actions are used as opportunities to more closely link climate 
risk adaptation and disaster risk reduction strategies and avoid 
the potential of the two remaining separate, become duplicative, 
fragmented, and overlapping risk  assessments    that do not well 
serve local decision-makers.  

 Climate change provides disaster risk  reduction    in cities sev-
eral important opportunities for advancement, and vice versa 
(Pelling 2003, Pelling et al., 2009; Prabhakar et at., 2009). The 
most important opportunity is that climate change raises the pro-
fi le and importance of disaster risk  reduction    efforts. Climate 
change can help to connect disaster  management    to cutting-edge 
national and international policy issues, which are garnering the 
attention of governments at all levels and the NGO community 
as well. Conversely, since the disaster risk reduction agenda 
has often been built up over the past decade in the fi nance and 
planning agencies in many cities, this presence can help the cli-
mate change adaptation agenda to evolve from its current often-
constrained situation in environment departments. Furthermore, 
disaster risk reduction planning frequently has well-developed 
platforms and coordination mechanisms, such as interagency 
task forces and mutual aid agreements, at the regional and city 
level to which climate change adaptation planning can be linked. 
Governments typically have plans, institutions, and policies 
already in place for disasters, while climate change adaptation 
planning is still very much under development.  

 The disaster management  community    also provides the main 
entry points to climate change adaptation for the general public. 
The public in cities often connect greenhouse gas reduction when 
hearing of climate change, but the questions “How do we deal 
with disaster impacts here and now?” and “What are the solu-
tions to reduce the disaster impacts/ vulnerabilities   ?” are ques-
tions that disaster  management    offi cials deal with on a regular 
basis. Thus, to incentivize offi cials at all levels to engage in the 
climate change agenda, disaster reduction can provide a key 
 policy    entry point.  

 City governments have begun to recognize the importance of 
disaster risk reduction at times other than during and just after a 
disaster event (Van Aalst, 2006; Van Aalst et al., 2007). Climate 
change heightens the awareness and concern for the potential 
of climate-related perturbations, such as  cyclones   ,  droughts   , and 
 fl oods   . In many cities, the specter of increased intensity and fre-
quency of extreme  events    is the primary policy concern asso-
ciated with climate change. As this concern is raised, so is the 
focus on disaster risk reduction strategies and planning. Resil-
ience initiatives emerge as one of the best “no regrets” actions 
that can be taken in the short term to reduce disaster vulnera-
bility, from both current threats and those emerging from climate 
change. This increased interest not only presents opportunities 
for those promoting in disaster response and recovery, but also 
more importantly for long-term disaster risk exposure reduction 
and non-structural hazard mitigation strategies (e.g., promoting 

resettlement away from low-lying coastal  sites    that will affected 
by sea level rise, increased storm surge, and inundation).  

  Disaster    preparedness planning is predicated on under-
standing the hazard and risk potential within the locale through 
analysis of historical hazard events and ongoing socio-physical 
shifts – e.g., increased urbanization and changing fl ood poten-
tial. Climate change increases the need for reassessment of dis-
aster planning assumptions because of the potential for change 
of the environmental baselines (e.g., coastal evacuation plans 
need to be reevaluated because of heightened storm surge and 
fl ooding potential). Similarly, disaster recovery and reconstruc-
tion efforts will need to be reexamined, because in the future 
more-numerous climate-related disasters could have greater 
threat to life and property and be associated with more wide-
spread and higher numbers of displaced people, homelessness, 
and property damage.  

 Structural and non-structural hazard mitigation policies will 
need to be reevaluated in the context of climate change (Thomalla 
et al., 2006). Additionally, the effi cacy of large-scale infrastruc-
ture and capital improvement projects will need to be reevalu-
ated. Projects possibly deemed as not cost-effective or overly 
ambitious, such as storm barriers or other fl ood-control devices 
in cities, might become feasible and needed as climate change 
impacts increase the possibility of more frequent disasters and 
greater losses per event. Non-structural approaches, which cur-
rently might seem as not appropriate or necessary, might need to 
be considered. Moving critical infrastructure out of highly vul-
nerable fl oodplains or coastal  zones    is just one example.  

 The interactions between climate change and disaster  man-
agement    provide opportunities to promote more structured 
coordination, planning, and communication, and eventually the 
effectiveness of both. The blending of initially diverse policy and 
research arenas is not without precedent within disaster man-
agement. During the 1980s, the previously disparate streams of 
natural hazards and technological hazards (including hazardous 
chemical releases and exposures) were effectively blended in an 
all-hazards management approach in some governments, such as 
the in USA through its Federal Emergency Management Agency 
(FEMA). Lessons learned from this experience can contribute to 
understanding how best to link climate change adaptation and 
disaster risk reduction.  

 The climate change community is now providing increasingly 
sophisticated climate  models    and scenarios that are enabling the 
disaster risk  reduction    managers in cities to better evaluate in 
terms of risks and vulnerabilities (World Bank, 2008). In turn, 
the disaster risk reduction community has brought to climate 
change planning a long history of experience and lessons learned 
and well-developed tools, such as probabilistic risk assessment 
techniques and frameworks for decision-making. For example, 
the disaster risk reduction community has developed the Hyogo 
Framework for  Action    2005–2015 (HFA), an international agree-
ment to build the resilience of nations and communities to dis-
asters. The HFA provides the foundation for the implementation 
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of disaster risk reduction. Agreed at the World Conference on 
Disaster Reduction in January 2005, in Kobe,  Japan   , by 168 gov-
ernments, its intended outcome is the substantial reduction of 
losses from disasters in the next 10 years.  

 Critical components in this process of convergence include 
the development of common protocols for data gathering and 
reporting, and for assessment. Within the past half decade, cli-
mate change and climate variability studies increasingly have 
been able to utilize conceptual assessment frames present within 
the disaster risk reduction community. Critical concepts being 
explored include hazard, vulnerability, and adaptive capacity. 
In the next section, we detail these concepts and their emerging 
connections to climate change adaptation strategy development 
and risk assessment.       

   2.6   Climate risk in cities: assessing the 
nexus of disaster reduction and adaptation  

         A critical need for sector-specifi c analyses of climate hazards 
and vulnerabilities, and location-specifi c adaptive capacities and 
mitigation strategies, has been highlighted in the most recent 
  IPCC       Working Group III AR4 (IPCC,  2007c ), and the World 
Resource  Institute    (Baumert  et al .,  2005 ; Bradley  et al .,  2007 ), 
and OECD (Hunt and Watkiss,  2007 ; Hallegatte  et al .,  2008 ). 
Several examples in the literature exist which highlight these 
omissions and defi ciencies. For example, most analyses on cli-
mate impact  assessments    and cities have neglected non-coastal 
cities, and uncertainties in assessing the economic  impacts    need 
to be incorporated, particularly for developing-country cities 
where variances are likely to be higher (Hunt and Watkiss,  2007 , 
and Hallegatte  et al .,  2008 ). Overall, there is a pressing call 
for understanding risks associated with climate change as they 
pertain to different types of cities –  coastal    versus non-coastal 
and developed versus developing; different sectors – physical 
infrastructure such as energy, transport, water supply, as well as 
social services such as health and environmental management 
(and the complex interactions among these sectors); and differ-
ential impacts on the poor or the young and old, who are more 
vulnerable than the rest of the urban population.  

 Furthermore, city-specifi c efforts should graduate from aware-
ness raising to impact  assessments    – including costing impacts 
and identifying co-benefi ts-and-costs – and adaptation analysis 
so that “no-regret adaptation options” can be adopted to increase 
resilience of cities to climate change. Economic  costs    of climate 
change in cities should “bracket” for uncertainty and assess both 
intra- and inter-sectoral and systemic risks to address direct and 
indirect economic  impacts   .  

 Understanding how cities craft institutional mechanisms to 
respond to climate change is another important element of the 
urban risk assessment process. This has been briefl y explored, 
where relevant, for detailed case studies on Quito and   Durban       
(see Carmin and Roberts,  2009 ) and the eight-stage Risk, 

Uncertainty and Decision-Making Framework developed by the 
UK Climate Impacts  Programme    ( 2009 ), which aims “to help 
decision-makers identify and manage their climate risks in the 
face of uncertainty.”  

 To further explore current practices and potential of urban 
climate risk assessment, we defi ne and examine the character-
istics and interplay of three basic risk elements in framework 
format:  hazards ,  vulnerability , and  adaptive capacity  (see 
 Figure 2.1 ). (Note: framework approach adapted from Mehrotra, 
 2003 ; Rosenzweig and Hillel,  2008 ; Mehrotra  et al .,  2009 ; also 
see Rawls,  1971 ; Shook,  1997 ; and Sen,  1999 .) The challenge 
in the research community is to translate information on each 
and from climate science into knowledge that triggers a realistic 
assessment of the vulnerability of the city and its systems so as 
to facilitate the development of pragmatic adaptation strategies. 
In the remainder of this chapter we detail this challenge through 
the articulation of four city-level case studies around the three 
following objectives: 
    1.   Characterize the hazards associated with climate change at 

the city-level;   
  2.   Identify the most vulnerable segments (people, locations, 

sectors) of the city, and   
  3.   Assess the city’s ability to adapt to anticipated changes in 

climate.             

   2.6.1   Hazards  

     Hazards are defi ned in the framework as the climate-
induced stresses and climate-related extremes and are identi-
fi ed through observed trends and projections derived from 
global climate models (GCMs)     and regional  downscaling    (see 
 Table 2.1 ). Extreme  events    affected by climate change include 

Hazards

Trends and projections

Heat waves

Droughts and floods

Sea level rise

Preciptation

Vulnerability

City size and density

Topography

% of poor

% of GDP

Adaptive

capacity

Information and

resources

Institutions and

governance

  Figure 2.1:    Urban climate change vulnerability and risk assessment framework.        

Source: Mehrotra et al. (2009).
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heat  waves   ,  droughts   , inland  fl oods   , accelerated sea level rise, 
and  fl oods    for coastal   cities      . The variables examined to track 
these climate-related hazards are temperature, precipitation, 
and sea level (see  Figures 2.2 – 2.22 ). In essence, the hazard 
element presents an array of climate change information and 
insights into the key stresses that potentially have the greatest 
consequence for any specifi c city. In this regard, it is critical 
to draw attention to both the variation in climate means and 
the change in frequency and intensity of extreme events. The 
latter offers opportunities for linkages with disaster risk reduc-
tion programs and has received perhaps more attention, while 
the former has critical long-term implications for city infra-
structure and development, and tends to receive less attention 
because the mean changes are gradual.  

 Analysis of hazards specifi c to a particular city should 
include observed and projected data on key climate parameters – 
temperature, precipitation, sea level rise, among others. Further, 
each hazard needs to be analyzed for variance in climate param-
eters over the short and long term and, where relevant, for fre-
quency as well as intensity of extreme events. Climate change 
 scenarios    provide a reasonable understanding of potential future 
climate conditions (Parsons  et al .,  2007 ). It is not expected that a 
single climate model will  project    exactly what will happen in the 
future, but by using a range of climate model  simulations    along 
with scenarios incorporating different atmospheric concentra-
tions of greenhouse  gas   es, a range of possible climate outcomes 
are produced and can be presented as projections that demon-
strate the current expert knowledge.  

 Local climate change information for cities can be derived 
from the scenarios of greenhouse gas emissions and global cli-
mate model simulations described above. For the case-study 
cities that are examined below, quantitative projections are made 
for key climate variables such as the change in mean temperature 
that refl ect a model-based range of values for the city-specifi c 
model grid boxes (see  Table 2.5 ). Further, there is a need for a 
nuanced understanding of the complex interactions between haz-
ards and the city. This is because the city can be both a producer 
as well as a receiver of these hazards. For instance, New  York    
City alone contributes about 0.25 percent of global greenhouse 
 gas    emissions (The City of New York,  2007 ). On the other hand, 
increase in sea level also increases the city’s susceptibility to 
fl ooding. In addition, while both urban heat  island    and global 
 warming    increase the ambient temperature of the city, one is 
internally generated while the other is externally  induced   .   

   2.6.2 Vulnerability  

         Vulnerability is defi ned as the physical attributes of the city 
and its socio-economic composition that determine the degree 
of its susceptibility. The variables affecting vulnerability include 
fl ood proneness (proximity to coast or river), land area, eleva-
tion, population  density   , percentage of poor, and quality of infra-
structure. The OECD’s work on city vulnerability in the context 
of climate change points to such variables as location, economy, 
and size as well (Hunt and Watkiss,  2007 ). More detailed indica-

tors such as composition of the poor population – age, gender, 
labor force composition, and the like – need to be taken into 
consideration when in-depth city vulnerability analysis is con-
ducted. For our evaluation here a more restricted set of variables 
that is readily available for most cities was utilized. These vari-
ables illustrate that such physical and socio-economic character-
istics affect a city’s risk.  

 Vulnerability is defi ned as the extent to which a city is 
predisposed to “adverse effects of  climate change , including 
 climate variability  and extremes” (IPCC,  2007d ). However, 
unlike the IPCC defi nition of vulnerability that includes adap-
tive capacity, we decouple the two here and address them indi-
vidually, considering vulnerability to be determined by the 
physical and underlying social conditions of the city while 
adaptive capacity is determined predominantly by the change 
agents. In turn, vulnerability is a function of a host of city char-
acteristics, including but not limited to the location of a city, 
particularly its proximity to a salt water  coastline    or other large 
water body, topography or any other physical attributes of the 
landscape or physical geography that make the city susceptible 
to climate variations.  

 Social factors that determine the degree of vulnerability of a 
city include its population size and composition, density, size of 
city, quality of infrastructure, type and quality of its built  envi-
ronment    and its regulation, land use, governance structure and 
the like. A critical factor determining the vulnerability of the 
poor as opposed to the non-poor  population    of the city is the 
percentage of the population living in slums. These are house-
holds that lack access to one or more of the following: improved 
water supply, improved sanitation, suffi cient living space, struc-
turally sound dwellings, and security of tenure (UN-HABITAT, 
 2003 ). The contrast between the formally planned part of the 
city and the slums is stark and is a key determinant of the dif-
ferential vulnerability of the poor as opposed to the non-poor 
(UN-HABITAT,  2008a )    .       

   2.6.3   Adaptive capacity  

     Adaptive capacity includes institutional attributes of the 
city and its actors that determine the degree of its capability to 
respond to potential climate change impacts. Thus they provide 
measures of the ability (institutional structure, caliber, resources, 
information, analysis), and willingness of actors (local govern-
ments, their constituent departments, private sector, civil society, 
NGOs, academics) to adapt to climate change. Variables that 
can determine the extent of a city’s ability to adapt include the 
structure and capacity of institutions, presence of adaptation and 
mitigation programs, and motivation of change agents. Here it is 
critical to draw a distinction with the term “resilience” that the 
IPCC ( 2001b ) Working Group II assessment defi ned as “amount 
of change a system can undergo without changing state.” In con-
trast, adaptive capacity does not assume a steady state of a city 
and its integrated systems; rather it measures the ability and will-
ingness to not only cope but to respond positively to the stresses 
that climate change imposes.  
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 Adaptive capacity is the ability and willingness of the city’s 
key  stakeholders    to cope with the adverse impacts of climate 
change and depends on the awareness, capacity, and willingness 
of the change agents. A quick measure of institutional awareness 
is the presence of a comprehensive analysis of climate risks for 
the city and corresponding adaptation and mitigation initiatives. 
Capacity here refers to the quality of institutions at various levels 
of governments – local, regional, and national – and within local 
government, across various departments. Further, the capacity 
of the private sector, non-governmental organizations, and com-
munity groups to respond also matters. Finally, the willingness 
to act is of the essence. In this regard, identifying in substantial 
detail the leading actors for climate response – government, pri-
vate sector, and civil society – and mapping their initiatives is 
essential in estimating adaptive capacity of a city.         

   2.7   Climate risk assessment in selected 
case studies  

     We attempt to illustrate and assess the relative role of each 
of the three elements through a presentation of four major case 
studies for the metropolitan  areas    of Buenos  Aires   ,  Delhi   ,  Lagos   , 
and New York. These cities are located in four different global 
sub-regions and have a range of socio-economic conditions and 
vulnerability to climate hazards. A primary criterion for selecting 
these cities is that all four have leadership that is committed to 
addressing the issue of climate change and thus are exemplars 
for other cities within their respective region, and globally. Fur-
ther, as these are all  megacities    and important national urban 
centers in their respective countries, not only do they constitute 
a signifi cant share of the national GDP but also help to shape the 
direction of national urban development policies. See  Table 2.1  
for demographic parameters for the case study cities.  

 Most aspects of the risk case studies articulated in this chapter 
are equally applicable to small and medium sized cities, as in 
many cases time-series data on climate parameters are available. 
Smaller cities may have fewer resources to apply to the devel-
opment of climate risk responses and thus may have additional 
needs for national and international guidance and support. How-
ever, the diverse urban conditions in the case study cities allow 
for some generalized lessons to be drawn regarding effective and 
effi cient urban responses to climate change. The combination of 

city cases allows for a comparison among developing countries 
as well as contrasts between developed and developing country 
cities, their challenges and responses.  

 For each city, available knowledge is analyzed for various 
aspects of climate risks (including uncertainty). Background 
information from the case study cities has been evaluated and 
selected variables have been assigned to the framework compo-
nents. The case studies allow for the understanding of the trans-
ferability of the climate risk framework to a variety of cities and 
what “climate services” of data analysis, access, and processing 
need to be provided at the international level.  

 To provide concrete examples of how climate risk informa-
tion can be communicated, current trends in key climate vari-
ables (including temperature, precipitation, and the incidence 
of extreme events) for each of the case study cities have been 
determined, and recent IPCC 2007 projections (up to 16 models 
and three emissions scenarios) have been used to create city-
focused downscaled climate model  projections   . The degree to 
which these models are able to replicate observed climate and 
climate trends in the past several decades is described. We also 
explore discrepancies, if any, between the identifi ed risks, vul-
nerabilities, social capacities, and the current responses of cities 
to climate-related hazards. This addresses the important question 
of real-versus-perceived needs.     

   2.7.1   Buenos Aires, Argentina  

         Buenos Aires is the third largest city in Latin  America   , and is 
the political and fi nancial capital of Argentina. The city is com-
posed of several sub-jurisdictions that were added as the city 
expanded since its inception in the fi fteenth century as a Spanish 
port. The Greater Buenos Aires Agglomeration (AGBA) has over 
12 million inhabitants (National Population Census, 2001), with 
77 percent of the population living in the surrounding provincial 
boroughs, and 23 percent in the central urban core of Buenos 
Aires City (Instituto Nacional de Estadística y Censos (INDEC), 
 2003 ). Buenos Aires City (CABA) is administered by an autono-
mous government elected directly by its citizens. 

   2.7.1.1   Hazards and vulnerability  

             Increases in sea and river levels, rising temperature and pre-
cipitation, along with increased frequency of extreme events such 

  Table 2.1:   Demographics for the case study cities (metropolitan area). 

Metropolitan 

area Population Area Population density

Slum population as a percentage 

of national urban population

Buenos Aires 12.0 million 3,833 km2 3,131 people per km2 26.2 percent

Lagos 7.9 million 1,000 km2 7,941 people per km2 65.8 percent

Delhi 12.9 million 9,745 km2 1,324 people per km2 34.8 percent

New York 8.2 million 790 km2 10,380 people per km2 N/A

     Sources:  Authors’ compilation from city, state, and national statistics and census bureaus of Argentina, Nigeria, India, and USA; slum data from UN HABITAT,  2008a ,b.       
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as fl ooding caused by heavy (convective) rains and storm surges, 
as well as  droughts   , are the primary climate-induced hazards 
for Buenos Aires. The city has a humid subtropical climate with 
long hot summers, and winters with low precipitation caused by 
the central semi-permanent high-pressure center in the South 
 Atlantic   . This pressure system can cause strong south-southeast 
winds in the autumn and summer causing  fl oods    along the shores 
(Camillioni and Barros,  2008 ). For details on observed and pro-
jected temperature and precipitation trends for Buenos Aires see 
 Figures 2.2 ,  2.3 ,  2.4,  and  2.5 . In regard to extreme events, there 
is an increase in frequency of extreme precipitation and associ-
ated city fl oods, see  Table 2.2 .  

 Further, occurrence of precipitation events of more than 100 
millimeters within 24 hours has increased from 19 times between 
1911 and 1970 to 32 times between 1980 and 2000. Such observed 
increases in the quantity and frequency of extreme precipitation 
not only adversely affect urban infrastructure, but also damage 
private property and disrupt the economic and social functioning 
of the city. With respect to sea level rise and drainage, the city is 

located along the shores of the La Plata  River    and spreads over 
the  pampa , a wide fertile plain, and adjoining the Paraná river 
 delta   . As a result, the entire metropolitan  area    is less than 30 
meters above mean sea level. As the city grew, several rivulets 
that formed the natural drainage system were replaced with a 
system of underground stormwater drains (Falczuk,  2008 ). 

   Spatial distribution of poor versus non-poor   

 Over the 1990s the city experienced sprawl, with developers 
building gated communities on the periphery of the metropolitan 
area, extending the city over an area one-and-a-half times the 
size of the CABA (Pírez,  2002 ). With disparity on the rise and 
migration of the non-poor from the city center to the periphery, 
the city has been further spatially segregated by income groups. 
This condition was further intensifi ed with the economic crisis 
of 2001, which created the “new poor” consisting of the newly 
unemployed middle class.  

 The precise distribution and enumeration of the  slums    is com-
plicated by two additional factors. First is the process of “urban 
invasions” whereby squatter  settlements    crop up sporadically 
across the city. Second, like all other urban data for AGBA, 
information on the poor is parsed into 30 administrative units. 
For this research, data for slums and other dilapidated housing 
in the CABA were derived from an Ombudsman survey in 2006 
(see  Table 2.3  for quantifi cation of low-income housing), which 
found that about 20 percent of all households in the urban core 
of the AGBA live in poor housing conditions.  

 Additionally, the survey identifi ed 24 new  settlements    with 
13,000 inhabitants located under  bridges    or simply “under the 
sky” (Defensoría del Pueblo de la Ciudad de Buenos Aires, 
 2006 ). However, unlike developing-country slums, most house-
holds have land  tenure    and property rights related to their homes 
due to a well-established public housing program in Argentina. 
Mapping the spatial distribution of differential vulnerability 
of the poor and non-poor to fl oods and other hazards is crit-
ical to crafting a climate-risk assessment of Buenos Aires (see 
 Figure 2.6 ).   

  Figure 2.2:    Observed temperatures, Buenos Aires.        

  Figure 2.3:    Projected temperatures, Buenos Aires.        
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   Low elevation urban areas  

 In its present confi guration, a quarter of the metropolitan area 
is susceptible to  fl oods    (Clichevsky,  2002 ; Menéndez,  2005 ). 
Urban expansion continues over the basins of the Matanza-
Riachuelo, Reconquista, and Luján  river   s, as well as the estuary 
of the La Plata  River    (see  Figure 2.6 ). These areas consist of a 
combination of new gated communities, real estate speculation 
sites, as well as illegal plots in the fl ood plain targeted toward the 
housing needs of the poor. With a lack of regulation governing 
such urban development and the creation of unprotected infra-
structure in the fl ood plain, the vulnerability of this part of the 
city is increasing (Ríos and González,  2005 ).  

 To assess the vulnerability of the low-elevation areas of the 
city, a review of past urban fl oods was undertaken. As reported in 
newspapers and offi cial  assessments   , fl oods impaired all modes 
of public and private transportation, including domestic fl ights, 
road, and rail; disrupted energy supplies, telephone lines, and 
traffi c lights; fl ooded buildings; and created an overall disrup-
tion of city life. Streets and cellars were waterlogged and people 

living in low-elevation neighborhoods in the suburbs were evac-
uated (González,  2005 ). In sum, the economic  costs    were high. 
Unlike urban disasters in other developing countries, the death 
toll in Buenos Aires related to fl ooding disasters tends to be low. 
The primary costs are the disruption of the economic activity of 
the city and damage to public and private property.  

 As the metropolitan  area    has been expanding into the fl ood 
 plains   , a simulation to quantify the population vulnerable to 
sea level rise was conducted. Barros  et al . ( 2008 ) observed: 
“Assuming little change in population density and distribu-
tion, under the scenario of maximum sea-level rise during the 
2070 decade […] the number of people living in areas at fl ood 
risk with a return period of 100 years is expected to be about 
900,000, almost double the present at-risk population.” The 
potential damage to public and private assets can be assessed 
from a recent survey that estimated that 125 public offi ces, 17 
social security offi ces, 205 health centers, 928 educational build-
ings, 306 recreational areas, and 1,046 private industrial com-
plexes are currently at risk of fl oods.  

 A conservative estimate by Barros  et al . ( 2008 ) is that at 
present the damage to real estate from fl oods is about US$30 
million per year. Assuming a business-as-usual scenario, which 
includes a 1.5 percent annual growth in infrastructure and con-
struction and no adoption of fl ood-protection measures, the pro-
jected annual cost of damages is US$80 and US$300 million by 
2030 and 2070 respectively. These estimates do not include the 
losses to gated communities of the non-poor being built in the 
coastal  area   , largely located less than 4.4 meters above mean sea 

  Figure 2.4:    Observed precipitation, Buenos Aires.        

  Figure 2.5:    Projected precipitation, Buenos Aires.        

  Table 2.2:   Extreme events     in Buenos Aires.  

City Extreme temperatures Extreme precipitation

Buenos 
Aires

January & February 1987; 
December & January 1988; 
December & January 1996–
97; January & February 2001; 
January 2002; January 2003; 
January 2004; December 
2004

March 1988; May 
2000; February 2003
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level. Nor does this account for the loss in productivity of the 
labor force, which can be signifi cant given the size of the popu-
lation likely to be affected. Thus, the costs of not responding to 
climate change in the course of urban development are projected 
to be signifi cant and disruptive.                 

   2.7.1.2   Adaptive capacity: current and emerging issues  

     The Argentinean government’s response to global climate 
change has been dominated by mitigation efforts related to poli-

cies and programs to reduce greenhouse gas emissions (Pochat 
 et al .,  2006 ), with relatively little attention to adaptation. The 
lead national agency to address climate issues is the Secretariat 
for Environmental and Sustainable  Development   .  

 In 1993 Argentina became a signatory to the United  Nations    
Framework Convention on Climate Change. In response, the fed-
eral government established the offi ce for Joint Implementation, 
but in 1998 this was renamed the Offi ce for Clean Development 
 Mechanisms   . Further, in 1999 Argentina adopted the objectives 
of the Greenhouse Gases Reduction Programme, and in 2001 
signed on to the Kyoto  Protocol   . To institutionalize the response 
to climate change, in 2003 a Climate Change Unit was estab-
lished within the Secretariat for Environmental and Sustainable 
 Development   . In 2007 this evolved into the Climate Change 
Offi ce. In addition, the government has been supporting a range 
of research programs, such as the National Program on Climate 
Scenarios,     which was initated in 2005. Through these institu-
tional arrangements, fi rst and second national reports were pre-
pared in 1997 and 2006 respectively. The third version is under 
preparation (Pochat  et al .,  2006 ).  

 However, the roles and responsibilities of governmental 
agencies in regard to climate change remain fragmented, while 
adaptation responses, specifi cally at the city level, remain to be 
addressed. In addition, four ministries with a dozen departments 

  Table 2.3:   Slum population in Buenos Aires City (CABA). 

Housing types by building quality Number of units

Slums (villas miseria) < 120,000

Properties of other people 
(inmuebles tomados)

200,000

Tenement house (casas de 
inquilinato)

70,000

Lodges 70,000

Rooms in relatives’ houses, rental 
rooms, or overcrowded houses

120,000

      Source:  Offi ce of the National Ombudsman, Buenos Aires, 2006.       

  Figure 2.6:    Low-elevation land and land parcels in Buenos Aires. 

Source: Elaborated by S. Gonzalez. Based on AIACC Project, LA 26.        
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and institutions are involved in fl ood monitoring and broader 
disaster management  systems    (Natenzon and Viand,  2008 ). 
Gradually, lower levels of government such as the states and 
local authorities are taking an interest in addressing climate 
change mitigation and adaptation, and a range of stakeholders 
such as NGOs, the media, and citizen groups are participating.  

 Confl icting plans and multiple jurisdictions reduce the effi -
cacy of climate change response plans at the city level as well 
(Murgida and González,  2005 ). For example, in 2007 an Offi ce 
for Climatic Protection and Energy Effi ciency was established 
within the Ministry for Environment of Buenos Aires  City   . With 
the arrival of a new administration in December 2007 this min-
istry was restructured into the Ministry of Environment and 
Public Space, with a new Environmental Protection Agency. The 
Offi ce for Climatic Protection and Energy Effi ciency was dis-
mantled despite the fact that previously initiated programs and 
projects such as “Clean Production” and “Air Quality” continue 
to be implemented (Murgida,  2007 ).  

 The primary obstacles to institutional action at the metro-
politan level are lack of actionable climate information, as well 
as vertical and horizontal fragmentation of jurisdictions with 
divergent interests and responses. Administrative units within 
the AGBA address fl ood management but lack an integrated 
strategy. For example, within Buenos Aires City two different 
plans – the Urban Environmental  Plan    and the Buenos Aires 
2015 Strategic  Plan    – are being implemented simultaneously 
but with a lack of effective coordination. Further, in practice 
there are two critical legislative instruments to regulate urban 
development in the city – namely, the Building  Code    enacted in 
1944 and the Urban Planning Code enacted in 1977. These are 
complemented by additional measures such as the Flood Control 
Plan, and post-2001 fl ood tax rebates for affected communities. 
However, these plans, codes and norms are inconsistent. For 
instance, the Urban Planning Code incentivizes the occupation 
of vulnerable low-lying  areas    within the city contradicting the 
fl ood prevention plans (González,  2005 ).  

 Moreover, constantly changing organizational roles and 
responsibilities of government agencies tasked to address cli-
mate change pose a challenge. For instance, in 2005 the Buenos 
Aires State Government created a unit to address climate change 
within the provincial Ministry for Environmental Policy. This 
offi ce continues to be operational under the new local govern-
ment that was elected in 2007, but the unit has been moved to 
the Ministry of Social Development and has a reduced man-
date. This lack of action orientation is compounded by a gen-
eral lack of public awareness of the risks associated with climate 
change (Assessment of Impacts and Adaptation to Climate 
Change, 2005).  

 Additionally, there is a mismatch in terms and scales. While 
the climate adaptation  strategies    such as fl ood prevention and 
management need to take a long-term view and plan for the met-
ropolitan  region    as a whole, most planning interventions address 
short-term needs and do not take a citywide view (Murgida and 

Natenzon,  2007 ). “By analyzing who participated in the plan-
ning process and in which areas they did so, it becomes evident 
that the vast majority of interventions were partial, some were 
very specifi c, and a few encompass different areas and spheres” 
(Pírez,  2008 ). These issues become further complicated for the 
metropolitan region due to the overlap and aggregation of admin-
istrative units that lack a central governing authority.  

 The community of scientists and researchers has taken on 
an unusual task of coordinating climate-related programs and 
policies. A leading example of this effort was the launch of the 
Global Climate Change Research Program at Buenos Aires 
University (PIUBACC)     in May 2007. The objective of this pro-
gram is to map and link all research as well as city development 
projects within the metropolitan area so as to provide the gov-
ernment, civil society, and more-specifi cally interested groups 
directly involved in climate change programs with a holistic 
and scientifi c assessment of climate change risks. Additionally, 
the scientists are drawing transferable lessons from community 
knowledge on fl ood management along the La Plata  River     coast    
with a dual focus on the vulnerability of the poor and on adapta-
tion to storm-surge fl oods (Barros  et al .,  2005 ).     

                2.7.2   Delhi,  India     

     Metropolitan Delhi has a population of 16 million, and is 
rapidly urbanizing with a 3.85 percent annual growth rate over 
the 1990s amounting to half a million additional inhabitants 
each year. In 1901 Delhi had 400,000 inhabitants. Furthermore, 
rising per capita incomes are increasing energy  consumption    and 
over-stretching its infrastructure. Delhi is a city of wide income 
contrasts – in 2000, 1.15 million people were living below the 
National Poverty line. On the other hand, Delhi’s Gross State 
Domestic Product at current prices was about US$27 billion 
during 2007 (Department of Planning,  2008 ).  

     Delhi has three distinct seasons – summer, winter, and mon-
soons with extreme temperatures and concentrated precipita-
tion. Summers begin in mid March, lasting for three months, 
and are dry and hot with temperatures peaking at about 40 °C in 
the months of May and June. Monsoons are between mid June 
and September, during which period Delhi receives most of its 
600 millimeters of annual rainfall, with July and August get-
ting as much as 225 millimeters each, see  Figures 2.7 – 2.10  for 
seasonal variation in temperature and precipitation. Winters are 
dry and last from November to mid March, with December and 
January being the coldest months with temperatures as low as 
7 °C (Delhi,  2009 )    . 

   2.7.2.1   Hazards and vulnerability  

 The National Action Plan for Climate  Change    and related anal-
ysis provides an overview of climate change issues confronting 
India as recognized by the federal government (see Government 
of India,  2002 , 2008). Through a review of research on climate 
science, policy papers, and practitioner notes, fi ve hazards are 
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identifi ed (Revi,  2007 ). First, although there are uncertainties 
with scaling down global models such that they refl ect regional 
climate conditions such as the Indian monsoon, temperature, 
precipitation, and sea-level are likely to rise. For a summary of 
observed and projected temperatures for Delhi see  Figures 2.7  
and  2.8 . Mean extreme temperatures, as well as maxima and 
minima, are expected to increase by 2 to 4 °C, likely to result in 
an average surface warming of 3.5 to 5 °C within this century.  

 Second, average mean rainfall is projected to increase by 7 
to 20 percent due to the increase in mean temperature and its 
impact on the Indian monsoon     cycles within the latter half of 
this century (see  Figures 2.9  and  2.10 ). However, some drought-
prone areas are expected to become drier and fl ood-prone areas 
will very likely experience more intense periods of precipita-
tion. Third, 0.8 meters is the projected centennial rise in mean 
sea level. Fourth, extreme events like the Mumbai fl ood of 2005 
are expected to be more frequent in western and central India. A 
combination of these hazards exposes the cities in this region to a 
range of other climate-induced extreme events such as droughts, 

temporary and permanent fl ooding, both inland and in coastal 
  areas      , and cyclones.  

 Delhi’s physical infrastructure, social services, and slum pop-
ulations make the city highly vulnerable. Demand for basic infra-
structure services such as water,  electricity   , and public transport 
far exceeds supply (Delhi Development Authority,  2005 ). To add 
to the existing conditions, climate change-induced variability in 
rains could worsen the severe shortage of drinking water in sum-
mers and aggravate the  fl oods    in the  monsoon    season, thus making 
the existing energy shortage more challenging to address. With 
regard to transportation, Delhi has the highest per capita vehic-
ular population in India – 5.4 million automobiles for 15 million 
people. This poses a challenge for a city with mixed land  use    and 
varying urban densities within the metropolitan region to intro-
duce effective modes of public transport. Carbon  emissions    from 
vehicles, traffi c congestion, and increasing particulate matter all 
pose challenges. These and other challenges create widespread 
public health risks to the inhabitants of Delhi. For example, lack 
of adequate sanitation facilities for the poor poses a problem for 
a rapidly growing city where a large proportion of the population 
lives in slums.  

     The hyper-dense nature of the  slums   , despite Delhi’s rela-
tively low population density and the centrality of the poor in 
provision of services – from household help to a range of labor-
intensive and low-wage tasks – poses an enormous challenge. 
About 45 percent of the city’s population live in a combination 
of unregulated settlements, including unauthorized colonies, 
villages, and slums. Further, three million people live along the 
Yamuna  River   , which is prone to fl ooding, where 600,000 dwell-
ings are classifi ed as slums.  

 Moreover, increasing competition for scarce basic services 
caused by the rapidly growing population of Delhi poses public 
health as well as quality-of-life challenges. For example, some 
poor settlements lack basic amenities resulting in open defeca-
tion. Although the extent of the impacts remains to be assessed, 
potential climate change impacts added to current local envi-
ronmental stresses are likely to intensify this crisis. Moreover, 
the low quality of housing in slums and their proximity to 

  Figure 2.7:    Observed temperatures, Delhi.        

  Figure 2.8:    Projected temperatures, Delhi.        
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environmentally degraded land and fl ood-prone areas further 
exacerbate the vulnerability of the poor. Within the slums, 
climate-induced stress is likely to affect certain social groups 
more than others, particularly the elderly, women, and  children   .   

   2.7.2.2 Adaptive capacity: current and emerging issues  

     The government of Delhi has made many efforts towards cli-
mate change mitigation, but there is less emphasis on adaptation. 
In addition to the issues of energy, water, and transportation, mit-
igation projects also encompass public health and other social 
and economic development efforts. Climate change  mitigation    
efforts by the government of Delhi were introduced fi rst in the 
government departments and are being gradually expanded to 
include other stakeholders – schools, households, and fi rms. 
Most initiatives remain project-oriented (Department of Envi-
ronment,  2008 ).  

 Some projects, such as the Bhagidari  program   , seek partici-
pation from neighborhood groups, private-sector associations, 
schools, and non-governmental organizations to enhance civil 

society engagement in environmental management, creating an 
expanded policy space for addressing climate change. Such col-
laboration holds the potential to address broader issues of cli-
mate adaptation by building awareness as well as capacity of 
stakeholders to respond. However, the most striking of all cli-
mate mitigation initiatives in Delhi so far is the establishment 
of the world’s largest fl eet of compressed natural  gas    (CNG) 
fueled public  transport    in response to a Supreme Court order. 
This has resulted in 130,000 CNG-powered  vehicles   , 145 CNG 
fuel stations, as well as improved vehicular emission standards 
like those adopted by the European  Union   . The greatest lesson 
from this initiative is in recognizing the diverse set of triggers 
and actors that can start adaptation and mitigation programs.  

 Some mitigation measures have co-benefi ts for adapta-
tion. For instance, adoption of green  building    technology that 
is mandatory for the Public Works  Department    and the Airport 
 Authority    was introduced to address mitigation, but has adapta-
tion benefi ts as well. Expected greenhouse gas emissions reduc-
tions are 35 to 50 percent in general energy  consumption    and 
up to 100 percent in energy for water heating. Moreover, the 
New Delhi Municipal  Council    aims to reduce other demand for 
 energy    and has set time-bound effi ciency targets. The Municipal 
Corporation of  Delhi    is making efforts to install compact fl uo-
rescent lamps and capacitor banks to increase energy effi ciency. 
Further, the government has a program that subsidizes electric 
 vehicles    and is encouraging the introduction of the Reva car, as 
well as battery-operated two- and three-wheelers.  

 Delhi also has expanded its forest cover over the past ten 
years. The cities greening program is considered to be one of the 
largest in the world. The forest cover has grown from 3 percent 
in 1998 to 19 percent in 2005. The city planted 1.7 million trees 
in 2007 and the forest cover grew to 300 square kilometers. To 
maintain the momentum, the city planned to plant 1.8 million 
saplings in the fi scal year 2009, increasing the greenery cover 
to a total of 326 square kilometers. The city also has a policy to 
plant ten trees for every tree chopped down. This project is done 
in collaboration with several stakeholders including school chil-
dren, female homemakers, and neighborhood associations. The 
saplings are distributed gratis through a host of distributors. This 

  Figure 2.9:    Observed precipitation, Delhi.        

  Figure 2.10:    Projected precipitation, Delhi.        
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afforestation effort is part of a Clean Development Mechanism 
(CDM)  project    proposal. To scale up mitigation efforts, the Delhi 
government has established a program with the aim to raise 
awareness about carbon  credits    and clean development  mecha-
nisms    among various departments. The objective is to develop 
a holistic approach towards reducing greenhouse gas emissions 
and enable projects that can redeem carbon credits. In essence, 
these mitigation projects can prove vital for adaptive capacity as 
well. For example, green   roofs       and walls, and tree planting help 
to cool the urban environment and reduce heat island effects, as 
do many of the energy-effi ciency projects related to buildings.  

 While the neglect of adaptation remains a concern, another 
co-benefi t to mitigation efforts in Delhi is the climate change 
awareness and administrative capacity being built as a result 
of mitigation projects that may help as adaptation projects and 
policy measures are introduced. Not only is the government 
developing fi nancial incentives to introduce programs and 
adopting a multisectoral approach that involves various depart-
ments within the city jusrisdiction, they are also learning to uti-
lize mechanisms such as UNFCCC’s CDM funds that are likely 
be equally relevant for adaptation. Illustrations of such efforts 
are the CDM projects and certifi ed emission reductions (CERs) 
in the water sector.  

 While Delhi is making major efforts towards mitigation of cli-
mate change through carbon emission reductions and other envi-
ronmental improvements, there is a signifi cant lack of awareness 
about the need for  adaptation    to climate change. Therefore, the 
city has not yet planned for adaptation. Further, Delhi’s response 
to climate change is often less than effective as well as piecemeal 
because its efforts are primarily project-oriented. In the experi-
ence of the Delhi government, incentives – subsidies and grants 
– have been effective for initiating projects, but operation and 
management frequently remain neglected. For instance, subsidies 
to install  rainwater   -harvesting systems have created demand, but 
subsequent maintenance is too often ignored and many systems 
fall into disrepair. Such experiences hold the potential to inform 
adaptation efforts as well.  

 Gradually the city is developing a programmatic approach, 
but there is a need to coordinate between departments and among 
levels of government. For example, while the Prime Minister of 
India has recently released the National Action Plan for Climate 
 Change   , Delhi’s local efforts will need to be reconciled with 
regional and national priorities.             

   2.7.3   Lagos,  Nigeria     

     Lagos is Africa’s second most populous city and has grown 
explosively, from 300,000 in 1950 to an expected 18 million by 
2010, ranking it as one of the world’s ten largest cities. The met-
ropolitan area, an estimated 1,000 square kilometers, is a group 
of islands surrounded by creeks and lagoons and bordered by 
the Atlantic  Ocean   . Lagos is the commercial and industrial hub 
of Nigeria, a country with a GDP three times larger than any 
other country in West  Africa   . Lagos is home to a large amount 

of commercial infrastructure, and has greatly benefi ted from 
Nigeria’s natural resources of oil, natural gas,  coal   , fuel wood, 
and water. For an overview of the state of Nigerian cities see 
UN- HABITAT    ( 2004 ).  

 The climate of Lagos is affected by Atlantic   Ocean       and atmos-
pheric interactions both within and outside its environment, in 
which the Inter-Tropical Convergence Zone (ITCZ) plays a con-
trolling factor. The movement of the ITCZ is associated with the 
warm humid maritime tropical air mass with its southwestern 
winds and the hot and dry continental air mass with its dry north-
easterly winds. Maximum temperatures recorded during the dry 
season are high and range from 28 to 33 °C when the region is 
dominated by the dry northeast trade winds. Minimum tempera-
ture of about 26 °C is experienced during the wet season of May 
to September.  

 The city of Lagos experiences relatively high to very high 
temperatures throughout the year. The mean annual temperature 
is about 28 °C and the maximum and minimum temperatures are 
33 °C and 26 °C respectively. High to very high monthly rain-
fall is also experienced between May and November, although 
signifi cant variations in monthly rainfall peak values are expe-
rienced. For example, between 1950 and 2006, more than ten 
instances were recorded with a maximum rainfall of over 700 
millimeters. Minimum monthly rainfall of less than 50 millim-
eters is experienced between December and March. Occasion-
ally, extreme precipitation events are experienced in June. On 
June 17, 2004, for example, 243 millimeters of rain was experi-
enced in Victoria Island and the Lagos environs. This resulted in 
fl ooding of streets and homes, collapse of  bridges   , and massive 
erosion of the main road linking Lekki to Lagos Island. About 
78 percent of the total rainfall amount for the month was expe-
rienced in one day in June. The city was ill-prepared for that 
amount of rainfall. 

   2.7.3.1    Hazards and vulnerability  

 Ekanade  et al . ( 2008 ) describe the nature and magnitude 
of the climate change hazards for the city level using different 
greenhouse gas emission scenario models. The IPCC ( 2001a ) 
Special Report on Emission Scenarios A2 and B1 climate change 
  scenarios       were utilized to project 30-year timeslices for tempera-
ture and rainfall values for the City of Lagos and Port  Harcourt    
and the coastal  areas    of Nigeria. This study did not, however, 
project sea level rise.  

 Records from the two stations ( Ikeja    and Lagos) used in 
this analysis show that monthly maximum temperature was 
increasing at about 0.1 °C per decade from 1952 to 2006, while 
monthly minimum was decreasing at about 0.5 °C per decade: 
since the 1900s average temperature has increased 0.07 °C per 
decade (see  Figure 2.11 ). At the extremes, monthly maximum 
temperatures for Lagos have reached above 34 °C during seven 
of the last twenty years. The number of heat  waves    in Lagos has 
also increased since the 1980s (see  Table 2.4 ). There have been 
very few incidences of unusually cold months of less than 20 °C 
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since 1995. Projected temperature for Lagos for the 2050s antici-
pates a 1 to 2 °C warming (see  Figure 2.12 ).  

 According to historical records, the total annual precipita-
tion in Lagos has decreased by 8 millimeters per decade since 
1900 (see  Figure 2.13 ). In keeping with the overall precipita-
tion trends, most of Lagos has experienced decreases in rainfall 
amounts during the rainy season. For example, between 1950 
and 1989 more than 20 months experienced rainfall amounts 
of over 400 millimeters. In the recent period between 1990 and 
2006, however, very few (four) rainy months recorded over 400 
millimeters of rain. In the twenty-fi rst century, precipitation in 
Lagos is expected to be less frequent but more intense; pro-
jected precipitation for Lagos for the 2050s anticipates an uncer-
tain 5 percent change in mean precipitation (see  Figure 2.14 ; 
 Table 2.4 ).  

 Coastal storm  surge    also is a concern. Lagos, as well as 
the entire Nigerian coast, is projected to experience more 
storm surges in the months of April to June and September to 
October annually. This increase in storminess is projected to be 

accompanied by greater extreme wave heights along the  coasts   . 
According to Folorunsho and Awosika ( 1995 ) the months of 
April and August are usually associated with the development of 
low-pressure systems far out in the Atlantic  Ocean    (in the region 
known as the “roaring forties”). Normal wave heights along the 
Victoria Beach range from 0.9 m to 2 m. However, during these 
swells, wave heights can exceed 4 m. The average high high-
water (HHW) level for Victoria Island is about 0.9 m above the 
zero tide gauge with tidal range of about 1 m. However, high 
water that occurs as surges during these swells has been observed 
to reach well over 2 m above the zero tide gauge. These oceano-
graphic conditions are aggravated when the swells coincide with 
high tides and spring tide.  

 An extreme event, which can be considered a case study 
for future threats, was observed between August 16 and 17, 
1995, when a series of violent swells in the form of surges were 
unleashed on the whole of Victoria Beach in Lagos. The most 
devastating of these swells occurred on August 17, 1995, and 
coincided with high tide, thus producing waves over 4 m high 
causing fl ooding. Large volumes of water topped the beach and 
the Kuramo waters. A small lagoon separated from the ocean 
by a narrow – 50 m wide – strip of beach was virtually joined 
to the Atlantic  Ocean   . Many of the streets and drainage chan-
nels were fl ooded, resulting in an abrupt dislocation of socio-
economic activities in Victoria and Ikoyi Islands for the period 
of the fl ood.  

 In addition,  coastal    erosion is very prevalent along the Lagos 
coast. Bar Beach in Lagos has an annual erosion rate of 25 to 
30 m. Earlier IPCC scenarios have been used to estimate the 
effects of 0.2, 0.5, 1, and 2.0 m sea level rise for Lagos. Along 
with coastal  fl ooding    and erosion, another adverse effect of 
sea level rise on the Lagos coastal  zone    as earlier assessed by 
Awosika  et al . (1993a, b) is increased salinization of both ground 
and surface  water   . The intrusion of saline water into  groundwater    
supplies is likely to adversely affect water quality, which could 
impose enormous costs on water treatment infrastructure.  

 Lagos has an extremely dense slum population, many of whom 
live in fl oating  slums   . These are neighborhoods that extend out 

  Figure 2.11:    Observed temperatures, Lagos.        

  Figure 2.12:    Projected temperatures, Lagos.        
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into the lagoons scattered throughout the city. The barrier lagoon 
system in Lagos, which comprises Lagos, Ikoyi, Victoria, and 
Lekki, will be adversely affected through the estimated displace-
ment of between 0.6 and 6 million people for sea level rise of 
between 0.2 and 2 m (Awosika  et al .,  1993a ) (see  Table 2.5 ).  

 In their study of the impacts and consequences of sea level rise 
in Nigeria, French  et al.  ( 1995 ) recommended that buffer zones 
be created between the shoreline and the new coastal develop-
ments. A more generalized multisectoral survey of Nigeria’s vul-
nerability and adaptation to climate change was funded by the 
Canadian International Development Agency ( CIDA   ) through 
its Climate Change Capacity Development Fund (CCCDF)    . This 
study has served to create awareness of climate change issues 
and of the need for manpower development.  

 Even more worrisome is the general sensitivity of Lagos to 
climate change due to its fl at topography and low-elevation loca-
tion, high population, widespread poverty, and weak institutional 
structures. Many more vulnerabilities stem from these charac-
teristics including the high potential for backing up of water in 

drainage channels, inundation of roadways, and severe erosion. 
The barrier lagoon  coastline    in the western extremity, including 
the high-value real estate at Victoria Island and Lekki in Lagos, 
could lose well over 584 and 602 square kilometers of land 
respectively from erosion, while inundation could completely 
submerge the entire Lekki barrier system (Awosika  et al .,  1993a , 
b). Moreover, fl ooding poses greater threats to the urban poor 
in several  African    cities (Douglas and Alam,  2006 ). See  Figure 
2.15  for topography identifying low-lying areas that overlap with 
built-up areas and are prone to fl ooding.  

 Intense episodes of heat waves will likely severely strain 
urban systems in Lagos, by infl icting environmental health 
hazards on the more vulnerable segments of the population, 
imposing extraordinary consumption of  energy    for heating and 
air  conditioning    where available, and disrupting ordinary urban 
activities.  

 It is very likely that heat-related  morbidity     and    mortality will 
increase over the coming decades; however, net changes in mor-
tality are diffi cult to estimate because, in part, much depends 
on complexities in the relationships among mortality, heat, and 
other stresses. High temperatures tend to exacerbate chronic 
health conditions. An increased frequency and severity of heat 
 waves    is expected, leading to more illness and death, particu-
larly among the young, elderly, frail, and poor. In many cases, 
the urban heat island effect may increase heat-related mortality. 
High temperatures and exacerbated air  pollution    can interact to 
result in additional health  impacts   .  

  Figure 2.13:    Observed precipitation, Lagos.        

  Figure 2.14:    Projected precipitation, Lagos.        

  Table 2.4:    Extreme events    in  Lagos.  

City Extreme temperatures Extreme precipitation

Lagos March 1988; March 
1990; February 1998; 
March 1988; March 
2001; March 2002; 
February 2003; March 
2003; August 2004

May 1958; June 1962; July 
1968; August 1998; November 
1998

      Source:  Center for Climate Systems Research, Columbia University.       
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 Impacts are projected to be widespread, as urban economic 
activities will probably be affected by the physical damage 
caused to infrastructure, services, and businesses, with repercus-
sions on overall productivity, trade, tourism, and on the provi-
sion of public services.  

 The degraded state of the urban form and poverty is indicative 
of the expected low resilience of most of the inhabitants of the 
city to external hazard stressors such as those often associated 
with climate extreme  events   . Most of the city’s slums are located 
on marginal lands that are mainly fl ood-prone with virtually no 
physical and social infrastructure. Furthermore, some of the 
planned and affl uent neighborhoods in many parts of the city 

still experience fl ooding during “normal” rainfall. This may be 
attributed to the little-to-no attention often given to the provision 
and maintenance of sewer and storm drains in these supposedly 
“planned” affl uent neighborhoods. For instance, Ikoyi, one of 
the most highly priced neighborhoods in the city, was actually 
developed from an area originally covered by about 60 percent 
wetland.   

   2.7.3.2    Adaptive capacity: current and emerging issues  

     Even with active membership in the C40 Large Cities Cli-
mate  Leadership    network, Lagos megacity still does not have a 
comprehensive analysis of the possible climate  risks    facing it, 
especially with respect to inundation due to sea level rise. The 
implication is that there is an urgent need to address the obvious 
lack of awareness of the vulnerability of Lagos to climate change 
and the need to begin to plan adaptation strategies. Recently, 
tackling the problem of fl ooding and coastal erosion has been 
given more attention by the Lagos State government in the form 
of a sea wall along Bar Beach in Victoria Island. This activity, 
however, is evidence that local awareness appears to be lacking 
the full scope of the city’s vulnerability to climate change.  

 Although the attention of the city managers is more focused 
on fi lling its long physical infrastructural gap due to years of 
neglect, the lack of concern or awareness of likely sea level rise 
in Lagos is worrisome. There continues to be sand-fi lling of both 
the Lagos Lagoon and the Ogun  River    fl ood plain in the Kosofe 

  Table 2.5:   Estimation of internally displaced people by sea level rise scenarios in Lagos. 

Sea level rise scenarios 0.2 m 0.5 m 1.0 m 2.0 m

By shoreline types, number of people displaced (in millions)

Barrier 0.6 1.5 3.0 6.0

Mud 0.032 0.071 0.140 0.180

Delta 0.10 0.25 0.47 0.21

Strand 0.014 0.034 0.069 0.610

Total 0.75 1.86 3.68 7.00

      Source:  Awosika  et al . (1992).       

  Figure 2.15:    Lagos topography. 

Source: Ademola Omojola – Author’s analysis, derived from the Shuttle Radar Topography Mission (SRTM) Digital Terrain Model (DTM) data. The DTM data were color-coded, clipped for the study area, and 
the administrative map superimposed.        
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local government area to about 2 m above sea level for housing 
developments. Such activities need to be done with projections 
of sea level rise due to climate change as part of the planning 
process.  

 Currently, the leading actor on climate change issues in the 
city is the Lagos State government, which has been infl uenced 
by its membership of the C40 Large Cities Climate  Summit   . 
Some of the mitigation actions being pursued by the Lagos State 
government in the city include: 
    1.   Improvement of the solid  waste    dump sites that are notable 

point sources of  methane    – a greenhouse gas – emissions in 
the city;   

  2.   The new bus rapid  transport    (BRT) mass transit system is 
already shopping for green technology to power  vehicles    in 
its fl eet;   

  3.   Commencement of tree planting and city greening projects 
around the city; and   

  4.   Proposed provision of three air-quality monitoring sites for 
the city.      

 The full picture of the nature of climate change and varia-
bility, its magnitude, and how it will affect the city is yet to be 
analyzed to support any informed adaptation actions. Thus, the 
climate risk  reduction    adaptation actions presently taken in the 
city are primarily spin-offs from the renewed interest of the city’s 
management in reducing other risks and taking care of devel-
opmental and infrastructural lapses, rather than being climate 
change driven. Some of these adaptation activities include: 
        1.   The sea wall protection at Bar Beach on Victoria Island to 

protect the coastal fl ooding and erosion due to storm surges;   
  2.   Primary and secondary drainage channel construction and 

improvement to alleviate fl ooding in many parts of the city;   
  3.   Cleaning of open drains and gutters to permit easy fl ow 

of water and reduce fl ooding by the Lagos State Ministry 
of Environment Task Force, locally referred to as “Drain 
Ducks”;   

  4.   Slum upgrade projects by the LMDGP project; and   
  5.   Awareness and education campaigns such as the formation 

of Climate Clubs in primary and secondary schools in Lagos, 
and organization of training sessions and workshops on cli-
mate change issues.          

 Due to the increasing activity in the Ogun  State    sector of the 
city, a regional master plan for the years 2005–2025 (Ogun State 
Government,  2005 ) has been developed for its management. 
However, the issue of climate change risks to infrastructure and 
the different sectors such as water and wastewater (Iwugo  et al ., 
 2003 ), health, and energy, is not yet refl ected in the report.  

 “Normal” rainfall is known to generate extensive fl ooding 
in the city largely because of inadequacies in the provision of 
sewers, drains, and wastewater management, even in government-
approved developed areas. Consequently, an increase in the 
intensity of  storms    and storm surges is likely to worsen the city’s 
fl ood risks. Since the local governments work closely with the 
people and communities threatened by climate risks, there is a 

need to create awareness at the local government level. There 
is an urgent need to empower them intellectually, technically, 
and fi nancially to identify, formulate, and manage the climate-
related emergencies and disasters, as well as longer-term risks, 
more   proactively      .     

   2.7.4   New York City, United States  

     With 8.2 million people, a $1.1 trillion GDP (Bureau of 
Economic Analysis,  2008 ) and an operating budget of over 
$40 billion, New York City is the largest city in the  USA    both 
in population and in economic productivity (The City of New 
York,  2007 , 2009). The distribution of wealth within the city, 
however, has been described as an “hourglass economy,” 
where there is a shrinking of the middle class and growth in 
both the upper- and lower-income populations (Rosenzweig 
and Solecki,  2001 ).  

 New York City is an archipelago with fi ve boroughs spread 
out over three islands – Long Island, Manhattan, and Staten 
Island – and the mainland of the USA. New York is one of the 
world’s most important international fi nancial hubs. As a coastal 
city, most of New York City sits at a relatively low elevation with 
approximately 1 percent of the city lower than 3 meters (10 feet) 
(Rosenzweig and Solecki,  2001 ). Much of Manhattan’s very 
low-lying land is home to some of the most important economic 
infrastructure in the world.  

 New York City has a temperate, continental climate charac-
terized by hot and humid summers as well as cold winters and 
consistent precipitation year round. Using a baseline period of 
1971–2000, records show an average temperature of 12.7 °C 
with precipitation averaging 109 to 127 centimeters per year. 
Recent climate  trends    show an increase in average temperature 
of 1.4 °C since 1900 and a slight increase in mean annual precipi-
tation (New York City Panel on Climate Change (NPCC), 2009) 
(see  Figures 2.16  and  2.20 ). 

   2.7.4.1    Hazards and vulnerabilities  

         New York City is susceptible to mid-latitude  cyclones    and 
 nor’easters   , which peak from November to April. These storms 
contribute greatly to coastal erosion of vital  wetlands    that help 
defend areas of the city from coastal  fl ooding   . Tropical  cyclones    
(hurricanes) also have the potential to reach New York City, usu-
ally during the months of August and September. There is some 
indication that intense  hurricanes    will occur more frequently in 
the future, but this is an area of active scientifi c research.  

 Based on climate model  projections    and local conditions, sea 
level is expected to rise by 4 to 12 centimeters by the 2020s and 
30 to 56 centimeters by the 2080s (see  Figures 2.18  and  2.19 ); 
when the potential for rapid polar ice-melt is taken into account 
based on current trends and paleoclimate studies, sea level rise 
projections increase to between 104 and 140 centimeters (NPCC, 
2009). The possibility of inundation during coastal  storms    is 
greatly enhanced with the projected effects of sea level rise.  
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 Another hazard to impact New York City as a result of cli-
mate change is rising mean temperature, along with the associ-
ated increase in heat waves. The annual mean temperature in 
New York City has increased nearly 2 °C since 1900 (NPCC, 
2009). Climate  models    predict that the average temperature 
will increase by between 1 and 1.5 °C by 2020 and 2 to 4 °C 
by the 2080s as seen in  Figure 2.17  (NPCC, 2009). As defi ned 
by the New York Climate Change Task Force, a heat wave is 
any period of three straight days with a temperature over 32 °C. 
The frequency of heat  waves    is projected to increase as the 
number of days over 32 °C increases. These higher tempera-
tures will also intensify the urban heat island in New York City, 
since urban materials absorb  radiation    throughout the daytime 
and release it during the night, causing minimum temperatures 
to rise (Rosenzweig and Solecki,  2001 ; Kinney  et al .,  2008 ). 
These sustained, higher temperatures exacerbate the effects of 
heat on humans (Basu and Samet,  2002 ).  

 Inland  fl oods    and  droughts    are two more hazards that con-
front New York City. Climate  models    indicate that precipitation 

in New York City is likely to increase by up to 5 percent by 
the 2020s and between 5 and 10 percent by the 2080s, as seen 
in  Figure 2.21  (NPCC, 2009). These increases are projected to 
come in the form of more intense rain events. This means more 
days without precipitation between larger and more intense 
storms. As extreme rain events are expected to increase in inten-
sity while decreasing in frequency, many of the rivers and tribu-
taries that fl ow through New York City and feed into the bodies 
of water that surround the city may breech their banks more fre-
quently, as they will likely be unable to handle the volume of 
water fl owing into them as runoff.  

  Droughts    may also prove to be a hazard as a result of climate 
change if the period between rain events increases. A major con-
cern is the New York City water supply, which is drawn from up 
to 100 miles north of the city. The higher levels of precipitation 
associated with climate change are expected to be offset by the 
greater rates of  evaporation    associated with temperature increase, 
thus increasing the likelihood of drought (NPCC, 2009).  

 The impacts of these climate hazards are interconnected and 
affect many systems in New York City differently but simultane-
ously. Roadways and subways, as well as ferry ports, industries 
located along the  coast   , and wastewater treatment  facilities    are 
susceptible to inundation. More hot days will increase electricity 
 demand    to run cooling systems, thereby increasing CO 2   emis-
sions   . The erosion of natural defenses such as coastal   wetlands       
increases the likelihood of fl ooding of nearby neighborhoods 
and industries.  

 Some populations are more vulnerable than others and these 
vulnerabilities are frequently differentiated along the lines of 
inland versus proximity to coast, young versus old, and rich 
versus poor. One key climate change vulnerability is related to 
air  quality    and human health, since degradation of air quality 
is linked with warmer temperatures. The production of ozone 
(O 3 )     and particulate  matter    with diameters below 2.5 microm-
eters (PM 2.5 ) in the atmosphere is highly dependent on tem-
perature (Rosenzweig and Solecki,  2001 ). Therefore, increased 
temperatures are likely to make managing these pollutants 
more diffi cult. Both of these pollutants affect lung functioning, 

  Figure 2.16:    Observed temperatures, New York City.        

  Figure 2.17:    Projected temperatures, New York City.        
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with higher ozone levels being associated with increased hos-
pital admissions for asthma. Further, the elderly and those suf-
fering from heart- and lung-related diseases have been shown 
to be more susceptible to the effects of heat, often resulting in 
death from heat stroke and heat-related causes (Knowlton  et al ., 
 2007 ).  

 New York City is vulnerable to heat waves and, as an archi-
pelago, is particularly vulnerable to the effects of storm surge 
as a result of sea level rise. Projected sea level rise of 30 to 58 
centimeters – or 104 to 140 centimeters, if rapid polar ice-melt 
is considered – is not expected to inundate the city extensively; 
rather, the problem emerges when larger storms such as the 
1-in-100 year storm, which are expected to become more fre-
quent, produce a greater storm surge that will likely cause dam-
aging fl oods (NPCC, 2009) (see  Figure 2.22 ).  

 Certain populations are more vulnerable to the effects of 
heat and higher sea levels. Approximately 967,022 people in 
New York City are aged 65 or older and of those it is estimated 

that 43 percent are living with some sort of disability (US Census 
Bureau,  2008 ). These two factors contribute to the extreme 
vulnerability to heat of the elderly (Basu and Samet,  2002 ). 
According to the Department of Health for the City of New 
York, during the heat wave of 2006 over half of those who died 
in New York City were over age 65 and all but fi ve people were 
known to have suffered from some type of medical condition 
(Department of Health and Mental Hygiene (DOHMH), 2006).  

 New York City is a densely populated city with approximately 
10,380 people in each of its 305 square miles or 790 square kil-
ometers (Department of City Planning,  2009 ). Within this area 
there are clear pockets of wealth and poverty. The areas of low 
per capita income are in northern Manhattan, above Central 
Park, the borough of the Bronx and parts of Brooklyn. Sea level 
rise and coastal  fl ooding    are concerns for certain parts of these 
areas including Coney Island, Brighton Beach, and Jamaica Bay. 
One of the more recurring vulnerabilities for these populations 
is extreme heat and the diminished air  quality    that accompanies 
the heating trend that New York City has seen over the last 100 
years and that is projected to continue. The US Census Bureau 
has estimated that for the period 2005–2007 about 20 percent 
of the people in New York City were living below the poverty 
line as established by the US Government (US Census Bureau, 
 2008 ). During the heat wave of 2006, 38 of those who died of 
heat stroke did not have functioning air conditioning in their 
apartment (DOHMH,  2006 )        .   

   2.7.4.2    Adaptive capacity: current and emerging issues  

 The environment in which New York City makes climate 
change adaptation and mitigation decisions is highly complex. 
Due to shared regional transportation, water, and energy  sys-
tems   , the stakeholders in any decision include numerous local 
governments, multiple state governments, businesses, and public 
authorities.  

 The foundation for tackling the challenges of climate change 
in New York City began in the mid 1990s when the New York 
Academies of Science published  The Baked Apple? Metropol-
itan New York in the Greenhouse  in 1996. Shortly thereafter, the 

  Figure 2.18:    Observed sea level rise, New York City.        

  Figure 2.19:    Projected sea level rise, New York City.        
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Earth Institute at Columbia University, through the Center for 
Climate Systems Research (CCSR) released  Climate Change 
and a Global City: The Potential Consequences of Climate Vari-
ability and Change  (Rosenzweig and Solecki,  2001 ). This report 
covered the Metro–East Coast Region and served as the fi rst 
assessment of climate change and cities in the USA. In 2008, 
CCSR worked with the New York City Department of Environ-
mental  Protection    to develop a sector-specifi c climate assess-
ment and action plan for New York City’s water system (New 
York City Department of Environmental Protection,  2008 ).  

     The New York City administration through its Offi ce of Long-
Term Planning and Sustainability created the NYC Climate 
Change Adaptation Task Force     in 2008, which is now working 
with local experts, city departments, and stakeholders to develop 
a comprehensive, integrated climate change risk assessment and 
adaptation plan for the critical infrastructure of the metropolitan 
region. The NYC Climate Change Adaptation Task Force is made 
up of representatives from over 40 city and regional departments 
and industries. The city administration also convened the New 
York Panel on Climate Change ( NPCC   ) to provide expert infor-

mation about climate change risks and adaptation. The NPCC is 
made up of climate change scientists and experts from the legal 
fi eld, insurance, telecommunications, and transportation, and has 
provided the climate risk information needed to create actionable 
guidelines and plans for adapting the city’s critical infrastructure 
for the projected effects of climate change (NPCC, 2009). The 
NPCC has also worked with the NYC Climate Change Adapta-
tion Task Force to develop a common set of defi nitions for adap-
tation assessment.  

 The next step is to begin planning and making specifi c adap-
tation investments across the city. In the past in New York City, 
this has tended to be on a project basis and so has been less coor-
dinated across sectors. Having brought decision-makers from 
all key departments in the city and from numerous sectors, the 
New York City climate change adaptation process is helping to 
facilitate more open avenues of communication and coordina-
tion within and among departments.               

   2.8   Cities, disasters risk reduction 
and climate change adaptation: critical 

observations and conclusions  

             The case study risk assessment process through the lens of 
the preceding disaster risk reduction and climate change adapta-
tion strategy discussion produced several critical observations 
particularly important for understanding the challenges and 
opportunities for cities facing climate change. These include the 
following:  

   First, a multidimensional approach to risk assessment is 
a prerequisite to effective urban development programs that 
incorporate climate change responses.   At present most climate 
 risk    assessment is dominated by an overemphasis on hazards. 
The application of the climate risk framework developed in this 
chapter provides more nuanced and more actionable insights 
into the differential risks. These insights refl ect the exposure 
to hazards and the spectrum of vulnerabilities faced by urban 
households, neighborhoods, and fi rms. However, a critical issue 

  Figure 2.20:    Observed precipitation, New York City.        

  Figure 2.21:    Projected precipitation, New York City.        
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that requires further research is identifying when strategic retreat 
may be more cost effective than adaptation and under what 
socio-economic conditions is it desirable and feasible.  

   Second, mismatches between needs and responses are occur-
ring in regard to who should mitigate, how much to adapt, and 
why. Cities need climate change risk assessment, in addition to 
analysis of mitigation options, in order to decide for themselves 
what is the appropriate balance of mitigation and adaptation.   Cli-
mate change risk frameworks, such as those described in this chapter, 
can help cities to address the issue of mismatches; that is, the differ-
ence between the city’s response to climate change as opposed to the 
actual needs. For example, it appears that some developing countries 
may be over-focusing on mitigation when they could be addressing 

adaptation more due to the presence of critical climate risks in the 
near-term as well as in future decades. The 17 largest economies 
account for most of the greenhouse gas emissions, the root cause of 
climate change (US Department of State,  2009 ). And while many 
cities within these major economies have a signifi cant role in miti-
gation, it may be prudent for cities in low-income countries with 
large populations of poor households to incorporate climate risk into 
ongoing and planned investments as a fi rst step (Mehrotra,  2009 ). 
However, since cities play an important role in greenhouse gas 
emissions in both developed and developing countries, there is also 
motivation for cities to lead on mitigation activities as well. Emis-
sions from cities everywhere burden the environment, which is a 
global public good, and thus can be regulated through a combination 
of market and non-market incentives at the urban scale.  

  Figure 2.22:    Sea level rise projections. 

Source: The Institute of Sustainable Cities (2009).        
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   Third, the vertically and horizontally fragmented structure 
of urban  governance    is as much an opportunity as an obstacle 
to introducing responses to climate change.   While much has 
been researched about the need for an integrated and coordi-
nated approach, the fragmented governance structure of cities is 
unlikely to change in the short term and offers the opportunity 
to have multiple agents of change. Examples in the case study 
cities show that early adopters on climate change solutions play 
an important role. As in the case of New York City, the city’s 
early action has become a model for other cities within the USA 
and internationally. The broad spectrum of governmental, civil 
society, and private sector actors in cities encourages a broader 
ownership of climate change adaptation programs.  

   Further, gaps and future research for scaled-down regional 
and local climate models were identifi ed.   In addition to the dif-
fi culties global climate models have with simulating the climate at 
regional scales, especially for locations with distinct elevational or 
land–sea contrasts, they also continue to have diffi culty simulating 
monsoonal climates. Such is the case for climate projections for 
some of the case study cities in this chapter, especially related to 
projected changes in precipitation. This is because simulation of 
seasonal periods of precipitation is challenging in terms of both 
timing and amount; in some cases the baseline values used for the 
projection of future changes are extreme – either too high or too 
low. Therefore, the percentage changes calculated vary greatly and 
can, on occasions, have distorted values. Especially for precipita-
tion projections, the future trends may appear to be inconsistent 
when compared to observed data, because the averages from the 
baseline period to which the projected changes were added are 
inaccurate, either due to a lack of data or extreme values within 
the time period that are skewing the averages. The inability of the 
global models to simulate the climate of individual cities raises the 
need for further research on regional climate modeling.  

 However, what is important to focus on in these future climate 
 projections    is the general trends of the projected changes and their 
ranges of  uncertainty   . These refer to attributes such as increasing, 
decreasing, or stable trends, and information about the uncertainty 
of  projections    in particular due to climate sensitivity or greenhouse 
gas emission pathways through time. Information on climate 
model projections regarding the extreme values and the central 
ranges both provide useful information to city decision-makers.       

   Annex 2.1 Global institutional structure 
for risk assessment and adaptation 

planning   2   )  

 Moving forward, there is a need for a programmatic science-
based approach to addressing climate risk in cities of developing 
countries that are home to a billion slum dwellers, and quickly 
growing. These cities are most unprepared to tackle climate 
change-induced stresses that are likely to exacerbate the existing 

lack of basic urban services such as water supply, energy, secu-
rity, health, and education, as well as of disaster preparedness 
and response. Most climate change adaptation efforts until now 
have focused on lengthy descriptive papers or small experi-
mental projects, each valuable in their own right, but insuffi cient 
to inform policymakers. Further, there is little recognition of the 
need for a fl exible strategy to adaptation; instead there are spo-
radic medium- and long-term project-oriented responses, often 
lacking analysis of basic climate parameters such as temperature 
variability, precipitation shifts, and sea level rise data. Three cen-
tral elements of a comprehensive approach could include: 
    1.   Establishment of a scientifi c body, which can verify as well 

as advise on technical matters of climate change science as it 
pertains to mitigation and impacts on cities;   

  2.   A systematic approach to climate change adaptation;   
  3.   Ongoing assessment of climate change knowledge for cities.      

 The most pressing needs for developing-country cities in low-
income countries is to focus on adaptation, outlined here, but 
similar measures are essential for mitigation efforts as well.  

 For adaptation, there is a requirement for assessing risk, evalu-
ating response options, making some politically complex decisions 
on implementation choices and implementing projects, monitoring 
process and outcomes, and continuously reassessing for improve-
ments as the science and practice evolve. Further, in order to 
maximize impact, there is a need to leverage ongoing and planned 
capital investments to reduce climate-risk exposure, rather than to 
neglect potential climate impacts. Practitioners and scholars agree 
that a primary reason why cities neglect climate change risks is 
lack of city-specifi c relevant and accessible scientifi c  assessments   . 
Thus, to reduce climate  risk    in developing-country cities there is 
a demand for city-specifi c climate risk assessment as well as the 
crafting of fl exible adaptation and mitigation strategies to leverage 
existing and planned public investments.  

 To inform action, the experience of the Climate Impacts Group 
at NASA’s Goddard Institute for Space Studies and scholars at 
Columbia University and the City University of New York points 
to a need for at least a four-track approach.  

   Track 1: Addressing the need for a global progress 
assessment.   This is an across-city global assessment that cap-
tures the state-of-knowledge on climate and cities. The First 
UCCRN Assessment Report on Climate Change and Cities 
(ARC3) is one of the only ongoing efforts that addresses risk, 
adaptation, and mitigation, and derives policy implications for 
the key city sectors – urban climate risks, health, water and sani-
tation, energy, transportation, land use, and governance. This 
assessment is an effort by more than 50 scholars located all 
over the world and offers sector-specifi c recommendations for 
cities to inform action. The aim is to continue  assessments    (on 
the order of every four years) and offer Technical Support after 
the UN Framework Convention on Climate Change COP16 has 
been held in December, 2010 in Mexico City  .  

  2     Annex 2.1 is an excerpt from a White Paper authored by Shagun Mehrotra (April, 2009). 



39

 Cities, disasters, and climate risk 

   Track 2: Across-city rapid risk assessment.   Mainstreaming 
climate  risk    assessment into City Development Strategies as well 
as pro-poor programs like Cities Alliance’s citywide and nation-
wide slum upgrading. This effort is critical to inform ongoing 
large-scale capital investments in cities that often lack basic 
climate risk considerations (see  Figure 2.23 ). For most cities 
illustrated in  Figure 2.23 , between 50 and 100 years of observed 
climate data are available but remain to be analyzed.  

   Track 3: City-specifi c in-depth sectoral assessment.   General 
assessments are insuffi cient as many cities lack in-house exper-
tise for technical analysis of city-specifi c climate impacts. To 
fi ll this gap, there is a requirement to craft city-specifi c risk and 

adaptation assessments for city departments (sector by sector) 
to redirect existing and planned investments. Cities like New 
York, London, and  Mexico City    have initiated this demanding, 
yet essential task. Such risk analysis needs to disaggregate risk 
into hazards (external climate-induced forcing), vulnerability 
(city-specifi c characteristics, such as location, and percentage of 
slum population), and agency (ability and willingness of the city 
to respond). The process will engage in-city experts and  stake-
holders in    each city in the assessment process in order to develop 
local adaptive capacity.  

   Track 4: Learning from experience.   This task involves 
deriving adaptation lessons from the early climate change 

  Table 2.6  : Four tracks with objectives, and related outputs.  

Track Objective Output

1.  Global progress 
assessment

To provide state-of-knowledge Providing a global First UCCRN Assessment Report on Climate 
Change and Cities (ARC3), a comprehensive assessment of 
risks, adaptation, mitigation options, and policy implications

2.  Across-city rapid risk 
assessment

To inform ongoing urban investments 
that lack climate risk considerations

Integrate climate risk assessment into City Development 
Strategies and pro-poor programs

3.  City-specifi c in-depth 
sectoral assessment

To redirect existing and planned 
investments

Crafting city-specifi c risk and adaptation assessments for each 
city department (sector by sector)

4.  Learning from 
experience

To derive adaptation lessons from the 
early adopters

Detailed case-studies of implementation mechanisms from 
London, Mexico City, New York City, etc.

  Figure 2.23:    Cities involved in Cities Alliance activities, 2008, and temperature projections for the 2050s. Green circles represent national slum upgrading plans: blue, city 
development strategies; and black, both.

 Source: This volume, chapter 1; data from Cities Alliance Annual Report 2008.         



40

Climate change and cities

adopters like  London   ,  Mexico City   , and New York City. It focuses 
on answering such questions as: How are London, Mexico City, 
and New York crafting a response to climate change? What are 
the institutional arrangements? What are the roles of mayoral 
leadership, public demand, offi ces of long-term planning, and 
civil society initiatives? How are assessments fi nanced – for 
example foundations, scientist-volunteered, tax dollars? What 
are the positive externalities – such as establishment of the C40 
Large Cities Climate  Summit    – of scaling-up both nationally and 
internationally? And what are transferable lessons? What can 
other cities learn from these experiences?  Table 2.6  summarizes 
the four tracks along with their objectives and related   outputs      .                                                                
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