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Population Santiago: 7,007,600 (Instituto Nacional de

(Metropolitan Estadistica [INE], 2012)

Region) Los Angeles: 12,828,837 (U.S. Census Bureau,
2010)
Bangalore: 9,621,551 (Census Population Data,
2011)

Area Santiago: 15,403.2 km2 (INE 2012)

(Metropolitan Los Angeles: 12,557.43 km2 (U.S. Census, 2010)

Region) Bangalore: 2,196 km2 (Census Population Data,
2011

Income per Chile: US$23,270

capita United States: US$56,180

India: US$1,680
(World Bank, 2017)

Climate zone Santiago: Csb — Temperate, dry summer, warm
summer

Los Angeles: Csa — Temperate, dry summer, hot
summer

Bangalore: Aw — Tropical savannah

(Peel et al., 2007)

Case Study 14.2 Table 1 Comparison of Santiago, Los Angeles, and Bangalore.

Cities have a number of different adaptation options at their disposal
for addressing shortages in water supply linked to climate change or
climate variability. At the city level, these options can be considered
through two lenses: (1) by considering the city as an isolated system
with limited inputs and (2) by taking into account water supply options
that fall within the city boundaries. For the former, measures could
include reducing total water consumption, either through improved
efficiency around water use or improving the distribution system (see
Case Study 14.2 Table 1). For the latter, they may include groundwa-
ter extraction or wastewater reuse.

An additional influence on which options are available to secure sup-
ply in a changing climate depends largely on the position of a city in
the river basin, for example, whether the city is located near the
headwater or the outlet of the basin. In a situation where a city is
facing a reduction in surface water availability, a potential adapta-
tion measure available to both “headwater cities” and “outlet cities”
could be constructing a reservoir to be drawn on in times of need.
Other measures adopted by these cities would differ due to their
relative position in the basin. For instance, a “headwater city” may
have only one option: reduce water use by neighboring users located
upstream (assuming that the costs are high to pump water upland
and over great lengths). An “outlet city” located in this same basin,
however, has additional options including:
» Improving water use efficiency in the agriculture sector,
including for irrigated areas located in the lower portions of the
basin
» Increasing water flow via an interbasin transfer or by drawing
from a tributary river
» Sourcing water from the ocean through the use of a
desalinization plant

To highlight this point further, the cities of Santiago, Chile; Los
Angeles, United States; and Bangalore, India are compared here.

Cities

Los Angeles, USA Bangalore, India

Variables Santiago, Chile
Area (metropolitan region) km?2 15,403.2

(INE, 2012)
Population (metropolitan region) 7,007,600

(INE, 2012)
Density (city, metro area) (inhabitants/ 8,464

km2)
Latitude and longitude 33.45° S, 70.67° W

Climate zone (Koppen-Geiger Climate Temperate, dry summer,

Zones) warm summer (Csb)
Human Development Index [0.52-1]
Water supply options available (1) A; S

Water management strategies (2) T in summer months; A

12,557.43
(U.S. Census Bureau, 2010)

2,196
(Census Population Data, 2011

12,828,837
(U.S. Census Bureau, 2010)

9,621,551
(Census Population Data, 2011)

2,729 11,905

34.05° N, 118.25° W 12.97° N, 77.56° E

Temperate, dry summer,
hot summer (Csa)

Tropical savannah (Aw)

>0.9 0.753 in 2001 (for Bangalore
Urban Dist.)

A;S;R; ST; T A; S

C;A Informal water supply system

(Tanker Market), A
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Case Study 14.2 Table 1 (continued)

Cities

Variables Santiago, Chile

Los Angeles, USA Bangalore, India

Relative location City located at Andes

Mountains foothills

Shares water with (3) A

Users upstream (3) H

Users downstream (3) A RE, C
Potential climate change impacts (4) W,D, T, F

References Meza et al. (2014)

City located in Southern
California coast

City located on Deccan plateau

A A
H, A, RE, C A
None A
W, D, T,F, SI W, F

http://www.ladpw.org/
wmd/irwmp/

Lele et al. (2014)

(1) A, Aquifer, S, Surface; R, Reuse; D, Desalination; ST, Storm runoff capture; T, Transfers

(2) T, Tarif controls; C, Conservation measures; L, Lawn irrigation restrictions; A, Awareness campaigns

(3) H, Hydropower; A, Agriculture; RE, Recreation/Environment; C, Cities

@ W,Reductionin water supply; D, Increase in water demand; T, Increase in high turbidity events; Sl, Salt water intrusion/Storm surge; F, Increase flooding

SANTIAGO DE CHILE

Santiago is the largest city in Chile, home to nearly 7 million people
and producing nearly 40% of the nation’s total gross domestic prod-
uct (GDP). It is located in a semi-arid, Mediterranean climate at the
foothills of the Andes Mountains. The city of Santiago relies on the
Maipo River, which runs from the Andes Mountains to the Pacific
Ocean, for 80% of its water needs. The remainder is derived from
groundwater extraction. To address seasonal and interannual vari-
ability, the city operates a 200 million cubic meter reservoir located
in the Andes mountains. In addition to pressure from growth in pop-
ulation and industry (Puertas et al., 2014), Santiago faces poten-
tial impacts from climate change, including a projected increase in
temperature (+1.5 to +3.5 C by the end of the century) and reduc-
tion in precipitation (-10 to —40% by the end of the century), all of
which is expected to further hinder water availability (Meza et al.,
2014). Depending on the global circulation model (GCM) projection,
the greenhouse gas (GHG) emission scenario, and the time horizon
being considered, the Maipo River may face a reduction in total
discharge of 10-40%, with river runoff peaking 1-4 weeks earlier
than it does currently (Meza et al., 2014). Similar runoff projections
are expected in other snowmelt-dominated basins in central Chile
(Vicuiia et al., 2010). A series of adaptation options were studied by
Bonelli et al. (2014) in order to address this situation and to begin
planning appropriately. One of the options considered is a reduction
of water distribution losses that are currently near 30% of surface
water extractions. When applying a basin perspective to urban water
supply, the main option available is to increase the portion of water
rights held by the city in relation to the agriculture sector. According
to Bonelli et al. (2014), the share of water rights should increase from
the current 24% to at least 40% by 2050 in order to cope with cli-
mate change impacts and population growth.

LOS ANGELES

The Greater Los Angeles region (including Los Angeles, Orange,
San Bernardino, Riverside, and Ventura Counties) is located on the
coast of southern California. This region is home to more than 14
million people and supports more than US$700 billion in economic
activity (2010). Similar to Santiago, the climate in the Greater LA
region is Mediterranean and semi-arid. However, the region has a
more diverse portfolio in terms of water supply, in part due to its
location at the outlet of a basin or system of basins. According to
the Integrated Regional Water Management Plan for the Greater
Los Angeles County (GLAC) — which covers the Greater Los
Angeles region with the exception of Riverside County*— 57% of
the region’s water is imported from three different regions: (1) the
Sacramento River in Northern California through the State Water
Plan system of aqueducts, (2) the Colorado River through the
Colorado River Aqueduct, and (3) the Mono Basin and Owens Valley
through the Los Angeles Aqueduct. The remainder of the region’s
water supply is sourced from groundwater extraction (35%) and
recycled water (1.5%). Demand management strategies, such as
water use efficiency and conservation, account for 3% savings in
water extraction (GLAC IRWM, 2013, Plan Update). According to
the GLAC Plan Update, climate change could affect imported and
local water supply due to a progressive reduction in average annual
runoff. Also, there may be a missed opportunity to capture rainwa-
ter from more intense storms. A series of water management strate-
gies is listed in the GLAC Plan Update for dealing with shortages in
water supply, which include water desalination, groundwater man-
agement, combined use of surface water and groundwater, water
storage, improved water conservation and efficiency of urban water
use,® water recycling, and water transfers from different regions in
the state.

4 http://www.ladpw.org/wmd/irwmp/

5 The State of California faced an extreme drought that required a declaration of a State of Emergency by Governor Brown in January 17,2014. Enforceable water conservation

measures were one of the key strategies. Governor Brown sought to reduce water usage by all Californians by 20% to confront this emergency. Accessed: http://www
.waterboards.ca.gov/board_decisions/adopted_orders/resolutions/2014/rs2014_0038_regs.pdfhttp://www.sacbee.com/2014/07/29/6591112/new-statewide-water-waste-

prohibitions.html



http://www.ladpw.org/wmd/irwmp/
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http://www.sacbee.com/2014/07/29/6591112/new-statewide-water-waste-
http://www.ladpw.org/
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BANGALORE

The city of Bangalore, located in southern India and home to nearly
10 million people, has more than doubled its population over the
past 20 years. It has also seen rapid growth of investment in busi-
ness, with companies such as Boeing, Samsung, Tata, Toyota, and
a number of IT firms opening their doors in the city. These indus-
tries, including agriculture in the city’s periphery, rely on water from
the Arkavathy River basin, where the city is located. Researchers at
the Ashoka Trust for Research in Ecology and the Environment,
recipients of the government of Canada fast-start climate financing,
have developed a land-use map for the basin and are investigating
the impacts of rapid environmental change on water availability. The
situation is dire: one of two major reservoirs has dried up entirely,
and the other operates at one-fifth of its capacity due to extreme
water shortage. The city instead imports water from more than 100
kilometers away, at great cost, while rural areas continue to pull from
a depleting groundwater aquifer. Groundwater levels have dropped
dramatically over the past 20 years, with bore well depths at 800—
1,000 feet (down from at 200—300 feet 20 years ago), and the rate of
replenishment is falling far short. The research suggests that while
climate change may compound the problem, unregulated groundwa-
ter extraction, industrial pollution, and changes in land use are likely

water reuse, distributing river water more evenly among users, and
encouraging users to diversify their water sources.

The portfolio of adaptation options for addressing water supply
that are available to a city located at the headwaters of a basin
(e.g., Santiago), compared with one located at a halfway position
(e.g., Bangalore) or at its outlet (e.g., Los Angeles) are different, as
depicted in Case Study 14.1 Figure 1. There are other issues that
also become evident when applying a basin perspective to
adaptation for securing urban water supply. When the efficiency of
water use inside a city increases, or if there are transfers from
relatively inefficient agricultural users to urban users, then the
downstream flow of water can be reduced, thus affecting supply.
In a simple theoretical example, Vicufia and Meza (2012) show that
with a 20% reduction in water availability, the cascade of
adaptation measures (mostly improvements in irrigation effi-
ciency for neighboring and downstream irrigation districts) used by
a city located in the headwaters of a basin would result in more
than 80% reduced flow at the basin’s outlet. Users located near
the outlet of the basin would also be affected dispropor- tionally
through the implementation of these types of measures. This is an
issue that is also relevant in the case of Bangalore, India, for
example (Lele et al., 2013). In sum, additional efficiency upstream

the greatest threats to water quality and availability. Preliminary rec- may paradoxically create a more challenging situation
ommendations include regulating groundwater extraction, increasing downstream.
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Case Study 14.2 Figure 1 Schematics representing three possible urban water supply systems using abasin perspective.
Source: Adopted from Vicufiaet al., 2014b
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