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Warming trends in atmospheric and oceanic temperatures have caused, and will continue to cause,
real changes in the Earth’s hydrological cycl e
rising sea levels, greater incidence of extreme precipitation events, more severe droughts and
increased frequency of flooding. These trends present a unique challenge to urban areas, whose
growing populations and industrial activities put increasing pressure on water resources and are
particularly vulnerable to changes in water quality, availability and flood management and to negative
impacts such as infectious disease and natural disasters. This paper synthesises research on the current
and potential demands that changing hydrological activities will impose on the urban environment,
and provides a basis for discussion about how to address these impacts through integrated policy,
urban planning, innovations in infrastructure and changes in behaviour.

Current and anticipated impacts of climate change on hydrological cycles

Evidence of climatic changes is now well documented, and the implications are becoming
increasingly clear as data accumulates and data and climate models become increasingly sophisticated.
Mean annual global surface temperature has risen significantly from 1906-2005 by 0.74°C, with the rise in
the past 50 years occurring at an accelerating rate. Sea surface temperature has also risen, as oceans absorb
80% of atmospheric heat energy (Figure 1), causing sub-surface warming to at least 3 000 meters (IPCC,
2007).

Warming oceans and atmosphere have affected the hydrological cycle. Since 1978, sea ice extent has
declined by an average 2.7% per decade, contributing to an estimated 10 to 25 centimetre increase in
global sea level, a rise that is expected to continue over the next several decades (McCarthy etal., 2001;
Arendt et al, 2002; Williams et al, 2007). Cumulative impacts of the rise in sea level and increased
climatic variability have caused greater annual extreme high water levels around the world (Woodworth
and Blackman, 2004).

Deviations from average weather patterns have been observed globally, most often involving hotter
high and low temperature extremes and more frequent droughts. Mean precipitation increases are variable,
with general summer and winter increases in the tropics, eastern North America, northern Europe, and
northern and central Asia, while summer decreases have been documented in mid-latitude regions.
Precipitation has generally occurred, and is predicted to continually occur, in bouts of more intense, sudden
events punctuated by seasonal droughts (IPCC, 2007). Likewise, severe weather events and natural
disasters are occurring more frequently and intensely than expected, compared to historical records (Sumi



et al, 2004). As global temperatures continue to increase, these extreme events are predicted to occur more
often and with greater severity (Figure 2; Klein Tank 2005).

Evolution of the urban environment

Urbanisation, though characterised by significant regional differences, is following an overwhelming
upward trend. The world has seen a fifteen-fold increase in urban populations since the beginning of the
twentieth century. Both total population and urban population at all levels of development are increasing,
though at a decreasing rate. Consistently, wealthier and more developed nations are characterised by
greater levels of urbanisation, though the majority of urban growth is occurring in lesser developed
countries (UNDP, 2003; UNDP, 2006; World Bank, 2005). Indeed, the rate of urbanisation in the least
developed places is as much as seven times that in the most developed nations (UNDP, 2003).

Approximately half of the world’'s popul atei on
in cities of less than 500 000 people (McGranahan and Marcotullio, 2006). Thoughs o me of t he
largest cities have experienced slowed growth rates in recent decades,t he aver age si ze

largest cities has increased from 200 000 in 1800 to 5 million in 1990 (Cohen, 2004). This trend in urban
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extensive infrastructure systems, expand outside traditional inner-city boundaries. Figure 3 shows
estimated population changes for some major cities, as well as trends for urban/rural population ratios.

Purely demographic changes are exacerbated by a suite of environmental conditions that are
influencing and being affected by urbanisation. Most cities are located in and are growing primarily in
coastal zones, in part because of the importance of access to natural resources and transportation networks
in an increasingly globalised world. Population densities in coastal areas are approximately 45% greater
than global average densities (McGranahan and Marcotullio, 2006). As the size and make-up of cities
changes, new urban economic and social inequalities come to the fore, and new pressures on the local
environment are created. For example, increased demand for land often leads to settlement in ecologically
vulnerable areas or an increase of imperviousness (i.e., paved and built-up surfaces), in the urban
landscape. As a result, the ability of wetlands and forested areas to protect coastal zones, flood plains and
rivers is reduced and the likelihood of flooding is increased, with all its associated impacts on housing
structures, transportation networks, water supply and water quality. These characteristics of cities and their
associated demographics make the impact of climate change especially challenging.

Environmental impacts on cities

Sea-level rise

Sea level is an obvious concern for cities that are situated on coasts, where rising water levels and
storm surges can cause property damage, displacement of residents, disruption of transportation and
wetland loss. Already a nuisance for coastal communities globally, sea level rises and associated impacts
are estimated to impact five times as many residents as they did in 1990 by the 2080s (Nicholis et al.,
1999). Projected sea level rise is associated with significant loss of land in coastal regions. For example, a
0.3 meter sea level rise in the United States, which is on the low end of IPCC projections (0.2 to
0.6 meters), would erode approximately 15 to 30 meters of shoreline in New Jersey and Maryland, 30 to
60 meters in South Carolina and 60 to 120 meters in California (Ruth and Rong, 2006). Adaptation
measures to combat sea level rise will be necessary because of the lag time of warming and its effects on
glaciers. Even under scenarios where emissions are eliminated, sea level rise continues well after
temperature has stabilised (Figure 4).

Salinisation of groundwater and surface water is a critical problem that reduces the availability of
potable water and can spread harmful pollutants through urban water systems. Cases of saltwater intrusion



are nearly ubiquitous among coastal cities, documented in diverse environments including the eastern
United States, the coast of Thailand, as well as both Chinese and Vietnamese deltas (IPCC, 2001). Costs of
desalination are high, at approximately USD 1.00 per square meter to generate potable water from
seawater, USD 0.60 per square meter to convert brackish water and 0.02 per square meter for freshwater
chlorination (Zhou and Tol, 2005).

Storm water drainage and sewage systems

Hydrological changes can stress the capacity of drainage infrastructures, sewage systems and water
treatment facilities in cities. Heavy precipitation events wash urban pollutants into rivers and lakes, and can
reduce water quality in reservoirs by increasing turbidity (Frederick and Glick, 2000; Miller and Yates,
2006). Low river flow during times of drought amplifies the concentration of chemical and heavy metals,
with potential implications on ecosystem health and recreational opportunities (IPCC, 2001). As intense
precipitation occurs more often, urban planners will have to confront multi-faceted problems of controlling
and managing precipitation inflows and protecting existing water supplies.

Urban runoff and failures of combined sewer overflows and municipal sewer plants can all introduce
pathogens into water systems that pose a variety of health risks; documented cases globally range from
wound infection to kidney failure (Nuzzi and Waters, 1993; Rose et al, 2001). Sea-level rise combined
with increasing frequency of severe weather events can cause sanitation problems when urban
infrastructures are not prepared to accommodate sudden influxes of water, leading to contamination of
drinking or recreational water from sewage backup and introduction of microbial/chemical agents and
biotoxins (Rose et al,, 2001).

Severe weather events and flooding

The frequency and severity of flooding has generally increased in the last decade compared to 1950-
1980 flood data, along with the frequency of floods with discharges exceeding 100-year levels (Kron and
Berz, 2007). Although there is variation in regional predictions among different forecasting models, it is
generally accepted that both trends will continue, especially in Asia, Africa and Latin America (Milly et
al., 2002; Fox, 2003). More frequent severe precipitation events are predicted to cause a greater incidence
of flash flooding and urban flooding.

Floods are one of the most costly and damaging disasters, and will pose a critical problem to city
planners as they increase in frequency and severity. In addition to the obvious structural damages and loss
of life that they can cause, floods can short-circuit transformers and disrupt energy transmission and
distribution, paralyze transportation, compromise clean water supplies and treatment facilities and
accelerate spread of water-borne pathogens (IPCC, 2001; Ruth and Rong, 2006). Socio-economic models
of flood damage in cities in the future (e.g, Boston, Massachusetts; London), independently predict vast
increases in spending on damages due to climate change in the absence of adaptive infrastructure changes
(Kirshen et al, 2005; Hall et al, 2005; Choi and Fisher, 2003).

Combating these problems requires consideration of structural flood defences (e.g, river diversion,
reservoirs and embankments), and the readiness of emergency alert systems and response services. Given
the extent to which virtually all aspects of urban life depend on water, floods will moreover challenge the
ability of planners and managers charged with providing reliable service in the face of a highly variable
climate.

Increasing water demand

Higher air temperatures and more frequent droughts can cause increasing demand for household and
industrial use of water in urban areas (IPCC, 2007). Although modelling evidence has not shown these
increases to be dramatic (Protopapas et al, 2000), effects may be exacerbated as population growth occurs



in cities. This phenomenon has significant regional variation, making it difficult to predict impacts on a
given area based on global or broad regional estimates of temperature change, for example. Modelling
estimates for the United States have suggested large costs to meet increasing demand as temperature rises
through 2060, while studies on Greece have predicted decreasing costs under certain climate change
scenarios (Morrison and Mendelsohn, 1998; Cartalis et al, 2001). Regional variation has proven
significant at the state level of resolution in the United States, emphasising the need for understanding not
only the anticipated regional effects of climate change, but also the differences in manifestation of these
impacts for various urban sectors (e.g, waste management, manufacturing and services) (Sailor, 2001).

Equally important is the analysis of demand relative to supply in a given environment. Estimates for
gross demand increases that can be met by current levels of supply may not necessarily be met by supply in
the future, if it is restricted by severe weather, pollution or other climate change impacts. In fact, when
relative demand is considered in concert with additional stresses from the agricultural sector, it becomes
clear that many parts of the world will be forced to confront infrastructure changes over the next several
decades. For example, model results including population and climate change projections estimate large
increases in relative demand in the northeastern United States, the majority of Latin America, sub-Saharan
Africa, Eastern Europe and the Middle East (Vorosmarty et al, 2000).

Heat-related mortality and disease

Aside from deaths due to natural disasters, increasing temperatures can affect mortality in a number of
ways, including heat-induced mortality, famine, exacerbation of non-infectious health problems and spread
of infectious disease. Heat waves are likely to increase in severity and duration in the future, contributing
to heat mortality in both developed and developing countries. Drought associated with long bouts of heat
and reduced precipitation may contribute to regional loss of crops, contributing to malnourishment,
especially in the developing world (Patz et al, 2005).

Spread of infectious disease stands as one of the most profound and universal problems associated
with increasing air and water temperatures. The World Health Organisation attributes at least 150 000
annual deaths to disease issues associated with climate change that have occurred since the 1970s, and
extends its analysis to estimate that death rates from climate-induced disease risk may double by 2030
(Patz et al, 2005). Warming climates favour many pathogenic agents and their vectors, often extending life
cycles, increasing reproductive rates or allowing for range expansion. Diseases of particular concern
include malaria, dengue fever, plague and West Nile virus. There is evidence that warming temperatures
are also increasing the incidence of food poisoning, with reports from the United Kingdom and across
Europe revealing correlations between temperature rise and food poisoning and salmonellosis, respectively
(Bentham and Langford, 2001; Kovats et al, 2004).

Economic impacts on cities

Most of the discussion of climate change impacts in the urban environment has focused on flood-
related damages, human health, domestic use of water and industrial use in general. It is important also to
explicitly consider how current and potential changes directly and indirectly impact local economies, and
the subsequent consequences on the capacity to adapt and cope with the aforementioned issues associated
with change.

Costs of climate change impacts

Direct costs from climate change impacts can be staggeringly high, especially when related to natural
disasters and sea level rise. Shoreline retreat in the United States costs between USD 270 billion to
475 billion per meter climb in sea level; analogous costs in developing nations can amount to one-third of
annual GDP (IPCC, 2001). Flooding is one of the most expensive disasters, with a single flood causing
England, for example, to spend GBP 1 billion to repair damages in 2000 (Zoleta-Nantes, 2000).



Indirect impacts can cripple local economic activity as well, when transportation, commercial and
industrial activities are interrupted due to severe weather events. Economic impacts can have rebound
effects in the job market and reduce tax revenue. These stresses on the local economy may limit investment
opportunities and deplete funds for infrastructure innovations, leaving cities more vulnerable to future
change.

Costs of adaptation to climate change

Adaptation mechanisms have become an integral part of the climate change debate. Although it is
clear that adaptive measures will be necessary to confront the problems associated with water in cities as
the climate continues to change, there are sometimes very steep associated costs. The OECD (2008),
reported a wide range of estimates for the costs of adapting urban water infrastructures from a variety of
empirical studies, on the order of hundreds of millions to billions of dollars per year. In sub-Saharan
Africa, adaptations in urban wastewater treatment systems (new and existing facilities), could cost
USD 2 billion to 5 billion per year, while in Toronto, Canada, similar improvements were valued at around
USD 9 billion annually. Given costs associated both with action and inaction in the urban water debate, the
economics of climate change will be a critical component of the decision-making process.

Impacts of cities on the environment

As the changing environment brings with it demands and challenges to cities, the physical and social
structure of cities also generates unique local environmental conditions. In particular, the urban heat island
(UHI), effect and urban nitrogen pollution are common characteristics of cities that further stress
hydrological cycles and the clean water available.

Urban heat island effect

Cities tend to have higher air and surface temperatures compared to rural areas, due to combined
effects of structural interference with thermal radiation, low albedo of impervious surfaces and reduced
evapotranspiration (Oke, 1982). This phenomenon, the urban heat island (UHI), effect, aggravates heat-
related negative implications of climate change and imposes costly energetic demands on urban systems
(McPherson, 1994). In the United States, for example, an estimated 3% to 8% of annual electricity use is
required to offset UHI effects (Grimm et al, 2008).

Beyond increasing temperatures, UHI effects can generate changes in local atmospheric and
hydrological cycles. Changes in solar influx and chemical composition of near-ground air masses can
cause formation of photochemical smog and reduce air circulation, which would otherwise diffuse the
concentration of air pollutants. There is also recent evidence that local precipitation rates may be impacted
by urbanisat i on. For e x a mpahabysjs of 8ritl egions rededled a s(atidtidalysignificant
increase in precipitation in Phoenix, Arizona, and suburbs during its urbanisation period, compared to its
pre-urbanisation period. This study also noted increased variability in precipitation for this region and for
Riyadh, Saudi Arabia.

Strategies to combat UHI impacts include redesign of surface composition, construction of light-
coloured buildings, installation of green roofs and curbside planning. However, the cost-effectiveness of
these measures is debated. Vegetation options are often water-intensive, and it is unclear whether energy
savings are outweighed by planting costs and water use over time (Oke, 1997). The relatively active
current body of research into both the physical and economic aspects of UHI effects may facilitate the
identification and development of robust and cost-effective solutions.



Nitrogen cycles

Materials and energy are inevitably highly concentrated in urban areas, as large numbers of people
consume food and resources, generating heat and waste. As a consequence, cities play a significant role in
nutrient cycling locally and potentially, globally. Waste nitrogen is a particularly harmful nutrient that can
cause excessive plant growth and eutrophication in aquatic systems, and can support toxic algal blooms. In
cities this can reduce surface water quality, taint potable supplies, limit recreational opportunities and
reduce biodiversity. Although many developed cities have the technology to limit leachate of nitrogen from
industrial runoff and waste disposal, continued population and industrial growth poses the question
whether existing infrastructures can handle increasing volumes of waste in the future. Improved efficiency
of waste management will be necessary to handle these increases, as well as to prepare for the effects of
nitrogen leaching in the events of combined sewer overflows and flooding of storm water systems. In
addition to technological advances, innovative approaches to capture, store and transport of waste will be
necessary to prevent nitrogen pollution from posing a significant threat to human and ecosystem health in
the future (Bernhardt et al, 2008).

Confronting the challenge: policy implications and tools

It is clear that the implications of climate change in the urban environment stretch far beyond the
environmental arena. As the number of urban residents climbs to an estimated 5 billion people by 2030
(Ash et al, 2008), urban planners, government officials and water management experts face the challenge
of meeting growing demand in cities with diminishing supply, and of mitigating potentially severe negative
social and economic impacts on the population. Although there is regional variation in terms of climate
change, most local governments will be charged to varying extents with choosing where new development
occurs and regulating for new development; regulating design of new buildings; and making investment
decisions regarding efficiency improvements in industry and technology to reduce impacts. We have
chosen to highlight a few of the pressing policy challenges that have emerged in the literature, in the hope
of stimulating further thought and analysis.

Evaluation of local impacts

The critical first step toward addressing specific policy challenges that will confront a given city is to
assess local vulnerabilities to climate change. This should involve analysis of climate models that predict
impacts on the urban landscape and evaluation of existing mechanisms to deal with all issues that affect
water resources management in a changing climate. What are the risks? Which sectors are anticipated to be
affected and how? What plans are already in place to address these risks, and how can they be modified to
minimise costs and impacts? What additional information is required to facilitate planning? Who is
accountable for which specific actions?

In many cases, it may be preferable to use a standardised evaluation system to categorise impacts,
solutions and associated economic costs and feas
climate change adaptation plan uses the same set of qualitative criteria across all vulnerable sectors to
indicate the severity and certainties of impacts, as well as costs and benefits of solutions.

Emergency preparedness

Local governments will have to respond to a variety of emergency situations in the face of climate
impacts, including heat-related mortality, hurricanes, tornadoes, flooding, severely reduced air and water
quality, and outbreaks of water-borne infectious diseases. Close attention must be paid to emergency
planning. Existing plans must be scrutinised and updated, if necessary, to account for worst-case scenarios.
Specifications should be in place for evacuation routes and procedures, supply of medicine, food and
shelter, and for delivering important information to residents.



Hurricane Katrina has become the archetypical example in the United States of the drastic impact on
human life of a failure to prepare for emergencies. After the Category 5 storm decimated New Orleans,
Louisiana, it became clear that local and national levels of government were vastly deficient, both in
preparing for the storm and dealing with damages in the aftermath. Considerations for all potential
disasters that may impact a given city should include: i), analysis of the infrastructure in place to protect
residents (e.g, sea walls, levees, drainage systems), and plans to fix any deficiencies; ii), consideration, at
the very least, of expected impacts in a worst-case scenario where events are expected to increase in
severity; iii ), detailed plans of evacuation and aid procedures, and in particular carefully defining who is
responsible for what action from local to national government.

In addition to being prepared for environmental disasters, city planners may consider development
that minimises risk as urban areas expand. This can mean identifying areas within or around cities that are
particularly vulnerable and generating building and zoning ordinances accordingly. Plans to reduce risk
inherent in city infrastructure can include retrofitting buildings and houses to withstand impacts of extreme
weather events and improving utility systems. Development officials in Caracas, for example, plan
residential and commercial expansion according to a zoning program that identifies areas at high risk of
landslides. The program also seeks to identify, manage and reduce risks in existing communities
(Satterthwaite et al, 2007). Using existing programs as models can help cities that have lagged in their
planning for climate change disasters to reduce losses in the future.

Land-use planning

Cities will have to accommodate increasing populations, as well as growing businesses and
institutions, in the face of physical stress from the environment (e.g, increasing intensity of storms and
precipitation, flooding and changes in imperviousness of surfaces). The challenge for city planners will be
to mediate competing demands for space within guidelines that minimise the costs and risks of climate
change. Developing zoning ordinances that anticipate future impacts can reduce the costs of damage and
health impacts. Evaluation of current codes and guidelines may be necessary where conditions are
changing. For example, changes in precipitation can increase imperviousness of surfaces and increase
subsidence, which should be accounted for by retrofitting buildings or bolstering foundations.

Incorporation of multi-use spaces can help reduce energy costs and in turn save water where it is used
as part of the cooling process. Institutionalising climate change in infrastructure design, through
installation of green roofs, building for efficient use of solar energy (e.g, to reduce the amount of water
and energy needed for cooling), and water-harvesting, is one way of generating changes in infrastructure
(IHDP, 2008). Careful planning for transportation routes vulnerable to storms and heavy precipitation can
minimise or reduce loss of economic activity following emergencies.

Water supply and treatment systems

Water treatment and waste management experts must evaluate the existing infrastructure for treating
and transporting water. An understanding of the capacity of existing systems that might be subjected to
sudden influxes of precipitation or seawater can help guide decisions about investment options, including
stabilisation measures near shorelines, levees, storm water retention facilities and redesign of sewage and
drainage systems. The City of London Corporation, for example, identifies particularly vulnerable flooding
“h ot ” adptarts for installation of new, sustainable drainage systems in these areas. Its plan further
requires investment in the management and maintenance of these utilities, to ensure that their capacity is
compatible with projections for increasing precipitation.

Mitigating differential impacts of climate change

The fact that climate change falls differentially on different sectors of local and national communities
presents myriad challenges to those working in water policy in cities. Poor communities tend to be hardest



hit by the impacts of change (IHDP, 2008). They are less likely to have access to health care, air-
conditioning and bottled water, and more likely to have difficulties evacuating without assistance in the
event of an emergency. Their options for relocating, if they live in a community likely to experience
increasingly severe hurricanes, for example, are limited.

The distributional impact of water problems will need to be addressed, since many cities can share a
single water source and meteorological disasters may involve large numbers of municipalities. Briefly,
methods of assessing resource use can be used as indices of sustainable scale to inform discussions of just
distribution of resources. The Ecological Footprint, for example, is one resource accounting tool that may
be helpful in providing at least qualitative or relative approximates of how specific cities rate in their water
consumption practices. Dynamic modelling (Hannon and Ruth, 2001), can be used to capture the interplay
among environmental and socio-economic changes, and yield indicators of time-varying behaviours
relevant to decision making.

Expanding the toolkit

The effects of climate change in combination with the evolving urban environment present unique
problems to city planners. The many interacting layers of these effects (social, environmental, economic),
call for creative, forward-thinking and integrated approaches. In the final section of this paper, we propose
several broad themes as platforms for discussion to expand and inform the decisions about the policy
issues mentioned above and to stimulate further research.

The marketplace: using economics to aid adaptation

The market is a potential tool for policy makers to provide incentives to use water efficiently, and to
encourage investment in adaptation efforts. By pricing and granting property rights to water, scarcity can
be indicated in the marketplace just like any other commodity, encouraging individuals to use less than
they would in the absence of an economic signal. A water market in Australia established in the 1980s has
proven successful for management of water usage in times of drought (OECD, 2008). However, it is not
clear whether this approach will continue to work given increasing climate variability and more drastic
shortages. Where water markets are considered, regulatory and pricing mechanisms must be carefully
weighed to avoid monopolies and to ensure equitable distribution.

Because of the high costs associated with adaptation to climate change, public and private sectors
often work together to generate funding for projects, especially in terms of infrastructure improvements.
Generating incentives for private investment on the part of government can help fund and implement
initiatives.

Application of a systems perspective

Given uncertainty in the degree and distribution of climate change and associated impacts,
adaptability will be a necessary aspect of both policy mechanisms and their manifestations. Often, local
areas will have to rely upon broad modelling predictions when planning for climate change impacts. Even
where estimates are precise, an element of increased variability in climate can leave the door open for
unanticipated and irreversible changes. For example, scientists may have underestimated the degree of
warming that will occur as a result of greenhouse gas emissions already in the atmosphere, or there may be
a temper at ut eéeyohdtwhigh pydrolagicalpcyxles mhange more dramatically than expected.
There is no way to plan for every scenario imaginable, but it would be prudent to consider ranges of
potential impacts and leave room in policy mechanisms and implementation to redesign, re-evaluate and
evolve. What wi | | be needed are *
sense under a wide range of future scenarios, rather than the more narrowly defined, economic optima
espoused in prior policy decision making.

robust strategies



To design any plan for an entity as complex as a city requires an integrated planning approach and
implementation of a systems perspective. It is clear that, like the hydrological cycle itself, the urban
environment consists of dynamic networks, for example the networks that connect waste management with
industry and households at local and economy-wide scales. Perturbations in one sector can cause rebound
effects in others. Each part must be considered in relation to the others and to the whole as problems are
evaluated and solutions weighed. It is likewise necessary to involve experts from a wide range of
disciplines, including engineers, physicists, ecologists, economists, waste management experts and health
officials.

Thinking outside the box

The dynamic nature of climate change makes it inherently difficult to identify solutions that work
across sectors without negative effects. However, this also offers the freedom to think outside the bounds
of a single, isolated system in the short or long term. For example, flooding and other extreme precipitation
events can reduce the supply of potable drinking water because existing sewer systems cannot handle the
influx of water. But mitigating effects can occur not only through costly redesign of sewage infrastructure,
but also potentially through economic and social mechanisms that reduce demand for water or through the
development and preservation of ecosystems that facilitate infiltration and cleansing. This can contribute
ancillary benefits to society and the environment.

Recently, attention has focused on the possibility of using private insurance schemes to diffuse the
costs of climate change impacts (Mechler et al, 2007). This option may be of particular interest to low- to
middle-income countries where public insurance often falls far short of covering costs of climate-related
disasters. In Venezuela, for instance, insurance covered less than 2% of the costs of floods in 1999
(Charvériat, 2000). Similarly, there have been efforts to form coalitions of high-risk individuals to reduce
vulnerability by pooling resources for common goods, which may improve provisions for water sanitation
services and sewer drainage (Satterthwaite et al, 2007).

The necessary collaboration among disciplines and the systems approach to urban infrastructure offers
a chance to tackle multiple problems at once (e.g, development and adaptation to climate change). The
challenges of water in the urban environment can afford an opportunity to combine programs and forge
partnerships between public, private and nongovernmental sectors, paving the way for novel and creative
ideas with the potential to address environmental, social and economic problems.



FIGURES

Figure 1. Global atmospheric, surface and oceanic temperatures have been rising from 1905-2000, with
increases occurring at accelerating rates over the past 50 years
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Figure 2. Multimodel precipitation projections through 2080 show regional variation, with a general trend of
precipitation occurring in more intense bouts punctuated by more frequent dry spells, as compared with 2000
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Figure 3. Population growth is expected to continue to occur in most major cities, with a continuing trend of
rural to urban migration
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Figure 4. As aresult of lag effects, sea level rise is expected to continue well beyond temperature stabilization,
even under a scenario of significantly reduced emissions
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