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Box Figure 5.6: San Carlos channel (early nineteenth century) entry into the
Mapocho River, an artificial channel that draws water from the Maipo River and
takes it north into the Mapocho.

THE WATER MARKET

The water market is based on water rights that are purchased
and transacted (Water Code, 1981, modified 2005), based on
a minimum streamflow condition and a total availability calcu-
lated by the national water authority (DGA). There is currently
insufficient supply for new consumptive rights to be made
available in the Maipo basin (DGA, 2003). Meantime, there
is pressure from more powerful interests to buy out smaller
rights holders, such as small-scale irrigation associations. The
market is also unable to respond to fluctuations in the hydro-
logical cycle, including the El Nifio phenomenon for example,
since rights are fixed and are awarded in perpetuity. In con-
sequence, water availability decreases, existing rights will not
be able to be extracted, and no new uses will be catered for.

EQUITABLE DISTRIBUTION AND WATER CONFLICTS

The limitations of the existing market, its weakness to respond
to the natural cycles in the water basin, and the anticipated
scarcity due to climate change, present a major adaptation
challenge. Conflicts will increase particularly between resi-
dential, agricultural, and mining demands and environmental
services. Assuming that the high residential value of land will
lead to wine investments and horticulture moving to other
regions, the question remains as to how a potential 40 percent
reduction in water availability will be met by a population in
the metropolitan area that is 30 percent larger than at present.
The city’s location is in a Mediterranean biodiversity hot spot,
where current levels of “green” space per habitant (3.2 m?/cap;
CONAMA, 2002) are well below the WHO recommendation of

More frequent and intense droughts may affect reservoir
and groundwater storage, as well as rainwater capture systems.
Reduced precipitation may also result in less groundwater recharge
and lower summer streamflows (Pitre, 2005; Earman ez al., 2006).
Reduced precipitation will also contribute to increased pumping
costs due to deeper groundwater levels and will also contribute

126

9m?/cap. This raises the issue of water use for maintaining

the region’s ecosystems, and for increasing public spaces to

enhance urban quality of life (particularly in the lower income

municipalities of the city) and reducing, for instance, the heat

island effect. This will require a significant shift in water man-

agement in many areas with:

e reduced agricultural irrigation capacity

e watering of, and species selection in public spaces and
domestic gardens

* a stormwater drainage system that seeks to shift water
downstream of the city as swiftly as possible during peak
events (rather than capture and storage)

* Dbroad-based demand reductions.

CLIMATE CHANGE GOVERNANCE WITHIN
SPATIAL PLANNING

The 2005 national climate change strategy concentrates on
productive sectors, particularly mitigation and CDM commer-
cial opportunities, but fails to put much weight on adapta-
tion issues (CONAMA, 2005). It also fails to explicitly consider
urban centers in spite of over 80 percent of Chileans living
in urban areas, with over 40 percent of the national popu-
lation living in the Santiago metropolitan region (RMS). This
has changed slightly with the publication of the 2008 national
action plan (CONAMA, 2008). The plan focuses on seven
fields for action, water being one of them.

Although urban change, except coastal city risk, is not an
explicit focus of the plan, all seven issues relate to urban
transformations. Their incorporation into planning instru-
ments is going to be a primary challenge for climate change
adaptation: development strategy, metropolitan and local
regulatory plans, and local development plans. To date, these
documents have not included climate change considerations
explicitly, largely because of the sectoral approach to public
sector management.

Climate change adaptation will demand a coordinated
response from government agencies, within the context of
a regional adaptation plan. Although the DGA manages the
water market, the water planning dimension must be brought
within the administration of the territorial authority, the
Regional Government, as part of a strategy able to engage
with the priorities of the national plan (less fisheries) and the
multiple public and private actors who are direct stakeholders,
from rights holders (agriculturalists, mining firms and others),
to the environment commission, the housing and urbanization
ministry, the public works ministry, and municipal authorities.
It would appear that the limitations of this natural resource
market for the climate change challenge to be faced this cen-
tury are already evident.

to increased conflicts over water related to baseflow in streams,
maintenance of water rights, and restriction of new water users
(Pitre, 2005). Reduced snowfall results in less water stored in
snowpack reservoirs that provide water to some cities, and thus
will change the temporal patterns of flow to reservoirs and supply
systems. Reduced snowfall can also challenge many water
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[ADAPTATION] Box 5.4 Mexico City’s formal and informal water supply

Roberto Sanchez-Rodriguez

University of California Riverside

The importance and complexity of water problems in Mexico
City make it particularly vulnerable to the negative impacts of
climate change. Water management has been a critical factor
in the evolution of Mexico City. This megacity of more than 18
million inhabitants grew in a hydrological basin composed of
five shallow lakes. Historical urban growth was on the lower
part of the basin on top of the lakes and it has extended to the
slopes of the surrounding piedmonts. The city has overtaken
most of the former lakebeds and it has suffered major floods
throughout its history. Despite numerous efforts to control this
problem, flooding continues to be a major hazard in Mexico
City and its solution requires an integrated approach together
with other water problems.

Water supply is a multidimensional problem in Mexico City.
The city has gone from a high level of self-sufficiency to a
high level of dependence on two external watersheds. Cur-
rent water use in Mexico City is approximately 63 m®/s. Close
to 66 percent (43.5 m¥%/s) is extracted from aquifers and the
remainder is imported from the Lerma basin (6.0 m®/s) and the
Cutzamala basin (13.5 m%/s) (Ezcurra et al., 1999). Importing
water to Mexico City from those two basins has had a signifi-
cant impact on them. The mean annual input of rainwater into
the basin in Mexico City is 28 m%s. It is estimated that only 50
percent of that water recharges the aquifers. Deficiencies in
the operation of the distribution system cause leaks estimated
to be about 30 percent of the water managed by the city. Con-
sidering that some of that water makes it to the aquifers, the
estimated total recharge of the aquifers is 28 m®/s, equivalent
to approximately only 50 percent of the water extracted every
year. Water extraction from aquifers has caused a subsid-
ence problem since the early 1900s. The city has sunk at dif-
ferent rates in different parts, but it reaches its extreme in the
old historical center, where some parts have sunk up to 9m
during the past century. Subsidence has caused severe main-
tenance problems with the urban infrastructure, building, and
transport systems. It has also aggravated pollution problems
of the aquifers, particularly in critical areas for their recharge.
Monitoring of the water in the aquifers has shown deterio-
ration in its quality due to overexploitation of groundwater,
and high bacteria counts have been observed in some wells
(Mazari et al., 2000). The protection of critical recharge areas
of the aquifers is also a critical problem in Mexico City. The
rapid expansion of illegal settlements in those areas jeopard-
izes the recharge of the aquifers.

The last component of water problems in Mexico City is
wastewater. The city has a complex sewage collection
system where wastewater and rainstorm water are mixed.
The capacity of the system is 57 m%/s, 42.8 m3/s for sewage
and 14.2 m®%/s for rainstorm water. The effluent is shipped to
the Tula basin about 50 km north of the city. Twenty-seven
treatment plants treat only 7 percent of the total sewage gen-
erated in Mexico City.
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Box Figure 5.7: Subsidence in Mexico City.
Source: USGS.

The increasing volume of sewage generated by Mexico City
during the last decades has compromised the capacity of
the system to evacuate rainstorm water, increasing the risk
of flooding. The subsidence of Mexico City has also created
problems for the operation of the system. The slope of some
of the major drains has been reversed, requiring the con-
struction and operation of pumps to evacuate wastewater.
The Mexican federal government and the local government
in Mexico City initiated significant maintenance and repairs
to the wastewater system to prevent floods during the rainy
seasons in 2007 and 2008. Major additional works are still
being considered for the near future.

Water problems in Mexico City represent a major challenge
for present and future urban growth. Climate change will
aggravate those problems. Some of the studies of potential
climate change scenarios show an increase in precipitation

Box Figure 5.8: Alfalfa, a fodder crop grown with wastewater from Mexico
City in the State of Hidalgo. Health problems can arise from the use of untreated
wastewater for crop production.

Source: Flagstaffotos.
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Box Figure 5.9: Overview of Esmeraldas, Ecuador.

By 2007, almost 60 percent of the population lived in areas
with medium to high risks of floods or landslides. Sixty-six
percent of the city showed medium to high exposure to cli-
mate-related risks.

Climate change scenarios for the city
of Esmeraldas

The variability and uncertainties associated with the climate
change projections available for the Esmeraldas River Basin
are consistent with those observed for Ecuador as a whole.

Five models and nine emission scenarios have been identified
and analyzed at the local level. Models and scenarios project
increases in temperatures of approximately 2-3°C for the
Esmeraldas River Basin. For the coastal region in and around
Esmeraldas, precipitation projections vary from +30-50 per-
cent to —30-50 percent (mm/day). There are several small,
isolated watersheds in this area that would be affected
severely by either extreme. Unlike large basins, and espe-
cially those with direct connections to the highlands, there is
little room for compensating local increases or decreases in
precipitation.

Exposure to climate change and tools for
adaptation and mitigation in Esmeraldas

The impacts of climate change on the city of Esmeraldas
identified by local stakeholders vary depending on the cli-
mate transition path guiding the analysis of potential adapta-
tions and vulnerabilities. Current relatively high risk levels of
landslides and floods (see Box Figure 5.10), both linked to
current climate patterns, make Esmeraldas one of the riskier
cities in which to live in Ecuador.

Under climate change scenarios predicting a path towards
hotter and more humid climates, Esmeraldas would face
even greater and more frequent disasters and more complex
planning and management scenarios. Increased precipitation

Box Figure 5.10: Riverbank settlements in Esmeraldas, Ecuador.

would certainly cause additional life and property losses.
In this respect, one of the key challenges the city faces is
the ongoing expansion of informal settlements along flood
zones of the Taeone and Esmeraldas Rivers and the low-lying
Piedad and Prado Islands.

Under climate change scenarios predicting a path towards
hotter and dryer climates, Esmeraldas could potentially expe-
rience lower risks of flooding, and lower stress on the water
delivery systems. In contrast, stakeholders consider water
shortages and price increases a major concern if the environ-
ment becomes dryer.

In both climate transition paths energy demands are expected
to increase drastically, not only because of higher tempera-
tures and larger populations, but also due to increased con-
sumption levels throughout the city.

In this context, adaptation to climate change in and around
the city of Esmeraldas requires a complex set of actions
designed to compensate current vulnerabilities and to
avoid expanding the range of risks associated with natural
events.

Efforts to compensate for vulnerabilities or taking advantage
of opportunities rely on actions and adaptations based on a
combination of zoning, infrastructure modifications, energy
shifts, capacity building, and improved governance.

According to stakeholder assessments, adaptations to cli-
mate change in Esmeraldas would consist of: structural
adjustments, such as the constructions of upstream water
storage and flood control systems (e.g., dams, reservoirs),
and levees to protect flood-prone neighborhoods; the con-
solidation of the existing drinking water and sewage systems,
and their expansion into new settlement areas; and institu-
tional tools, such as zoning plans and cadastral capacity, that
improve governance. Economic diversification would also
reduce vulnerability by facilitating the consolidation of mar-
ginal urban areas.
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[ADAPTATION] Box 5.6 Adapting New York City’s water supply and wastewater treatment systems to climate change

David C. Major
Columbia University

SYSTEM DESCRIPTION

Water is supplied from upland reservoir systems north of New
York City (NYC) with a total area of almost 2,000 square miles.
Annual precipitation on the city’s watersheds averages about
44 inches. The total storage capacity of the reservoir system is
547.5 billion gallons, with a safe yield of 1,290 million gallons
daily (mgd). (There is a small additional 33 mgd of safe yield from
well fields in the southeastern part of NYC.) Safe yield compares
to daily system demand of about 1.3 bgd in NYC and upstate.
Water from the system supplies 8 million people in NYC and
an additional 1 million people in upstate counties. The NYCDEP
sewer and wastewater treatment system includes over 6,600
miles of sanitary, storm, and combined sewer pipes. This system
processes 1,500 mgd of wastewater at 14 water pollution control
plants (WPCPs) located on the coast to allow for treated water
discharge (Rosenzweig et al., 2007; New York City Department
of Environmental Protection, 2008; Box Figure 5.11).

Box Figure 5.11: New York City water supply system.

Source: New York City Department of Environmental Protection.

CLIMATE CHANGE INSTITUTIONS

The New York City Department of Environmental Protec-
tion (NYCDEP) is the municipal agency responsible for water
supply and wastewater treatment. It has taken a leading role
in assessing the impacts of climate change on water supply
and treatment facilities. This work began with the creation of the
NYCDEP Climate Change Task Force in 2004, a joint NYCDEP,
university, and engineering firm effort (Rosenzweig et al., 2007).
The most recent report is New York City Water Supply System
(New York City Department of Environmental Protection, 2008).

METHODS AND IMPACTS

Future climate scenarios for the 2020s, 2050s, and 2080s
have been developed based on downscaled IPCC GCM
simulations, using 16 models and 3 emissions scenarios in
the most recent applications, and 7 models for sea level rise
(SLR) (Box Figure 5.12) These methods are described in detail
in New York City Panel on Climate Change (2010), Appendix
A. Scenarios for the NYC region predict higher temperatures,
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Box Figure 5.12: Sea level rise scenarios, NYC 2050s.
Source: New York City Panel on Climate Change (2010).

more precipitation, and sea level rise, with impacts including
more droughts, more frequent inland flooding, coastal
flooding from SLR and storm surge, and water quality issues
from higher temperatures and changing precipitation patterns
(Box Figure 5.13). The most recent scenarios are in New York
City Panel on Climate Change (2010), Appendix A.

CLIMATE CHANGE ADAPTATIONS

Using a multistep adaptation assessment process, wide-
ranging adaptation studies are under way, including a study
of the impacts of sea level rise on the system, and a study
of reservoir operations using future climate scenarios in
reservoir modeling. Potential adaptations include operating
system changes (see the schematic in Box Figure 5.14), flood
walls for WPCPs, relocation of facilities, improved drainage,
and enhanced water quality treatment.

Box Figure 5.13: Flooding at a coastal water pollution control plant
BROADER URBAN RELEVANCE (WPCP) in New York City.

. L . . Source: New York City Department of Environmental Protection.
New York City initiated (2008) its Climate Change Adap-

tation Task Force, which is investigating climate change
impacts on all of the City’s critical infrastructure. The pio- supportive framework (New York City Panel on Climate
neering NYCDEP efforts are continuing within this broader Change, 2010).

Infrastructure Adaptation:
System Operation Studies

For each reservoir

Multi-Reservoir
system
operating
model

GWLF Reservoir model

\AA4

A4

Climate-adapted
Key: operating policies
GWLF = Generalized watershed loading functions model & infrastructure

Box Figure 5.14: NYCDEP reservoir modeling with climate change. In the figure, note that future climate inputs are among the drivers of the system.
Source: New York City Panel on Climate Change (2010), Appendix B.
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