Table I. Examples of the Impacts of Water Shortages

Location

Date

Multiple
Impacts
Australia

Botswana

Brazil

China

China
(Yellow
River)

2006-2007

2013

2013

2011

2013

1970s —
1990s

Impacts of Water Shortage

Drought shaved at least 1% off the
country’s GDP.

Due to water shortage, residents drink
untreated water from the Thamalakane
River, leading to severe diarrhea outbreaks.
5 children died from diarrhea in Maun this
August; 19 children died from diarrhea in
Ngamiland last year.

Water shortage in Rio de Janeiro has
increased water prices from 900 reais
($412) to 4,000 reais ($1,833) for 20,000
liters of water.

Water shortages cost China an estimated
$39 billion a year in lost crops, lower
industrial production, and stalled economic
output. Because of its water shortages, some
estimate that 400,000 people a year in
China are forced to relocate.

Water shortages cost China 2.3% GDP,
largely from health losses (World Bank
2009).

4.7 million hectares of agricultural land
affected by water shortages, resulting in loss
of 9.86 billion kg of cereal crops and loss of
12.2 billion yuan ($1.5 billion US). Losses
of 1.6 billion yuan per year in 1990s.
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Ecuador

European
Union

Fiji

India

2003

1997-1998

2013

2013

Industrial enterprises, particularly the oil
industry, suffered suspension of production
and losses amounting to 40 billion yuan (4
billion yuan per year in 1990s).

Urban water supply to De-Zhou city cut in
half in 1995, limiting production of 139
plants and factories, resulting in losss of
600 million yuan. Over 100,000 residents of
Dong-Yin, Bin-Zhou, and De-Zhou cities
could not get enough water, resulting in
severe health threats. All factories in Bin-
Zhou were closed to provide drinking water.

Agriculture, drinking water supplies, and
hydropower production are all affected by
water shortages

A drought in 2003 cost the European Union
economy €8.7 billion ($11.4 billion US).
Many crops failed or produced lower yields.
The five worst affected countries each
sustained agricultural losses between
hundreds of millions and 5 billion euros.

The severest drought in Fiji’s history cost
the economy over $130 million.

Due to water shortage and poor water
quality, cases of typhoid have increased
from 85 in 2012 to 291 in 2013 (Jan-Aug).

Maharashtra is experiencing one of the
worst droughts in nearly 40 years, with the
government declaring over 7,000 of the
more than 25,000 villages as drought-
affected. Villages are facing acute shortage
of drinking water, forcing state government
to send water tankers by train. State
government has sought about Rs32 billion
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Kenya

Oman

Pakistan

2013

1999-2001

2013

2013

2013

as aid for drought from the central
government, but the latter has given less
than Rs8 billion. Ministers are also engaged
in bitter feud, especially over the allocation
of funds for drought relief.

Due to water shortage and power outages,
attendance at educational institutes across
Hyderabad dropped by 25%.

$2.5 billion in losses in crops, cattle,
hydropower and wildlife parks

Drought costs totaled to at least $2.8 billion
equal to 16% of GDP. The loss of industrial
production arising from inadequate water
storage for hydropower generation was
estimated at $1.4 billion, and agricultural
losses are estimated at about 370 million.
26% of livestock were lost, valued at over
$75 million.

Shortage of clean water causes 80% of
disease and 50% of hospitalizations in
Kenya.

Due to water shortage in the Aflaj (main
water source in Oman), families have lost
up to OMR 9,805 revenue per year. 27%
have lost water flow completely.

In Cholistan, due to water shortage, 80% of
the 1,100 tobas (water reserves) are
unsuitable for use. 150,000 people are
affected, either through the death of
livestock or forced relocation.
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Saudi Arabia

(former)
Soviet Union
(Aral Sea)

2013

1960-1987

In Madinah, due to water cuts, the price for
a water truck (normally SR48) has risen to
SR250-SR300 and reaches SR500 if
demand is high enough.

By the early 1980s, 20 of 24 native fish
species disappeared and the commercial
catch (48,000 metric tons in 1957) fell to
zero. Employment directly and indirectly
related to the Aral fishery, reportedly
60,000 in the 1950s, has disappeared

Native plant communities have degraded
and disappeared. Habitat deterioration has
harmed delta fauna, which once included
muskrat, wild boar, deer, jackal, many kinds
of birds, and even a few tigers. At one time
173 animal species lived around the Aral,
mainly in the deltas; 38 have survived (26,
30). Commercial hunting and trapping have
largely disappeared.

The reduction of river flow, salinization and
pollution of what is left, and lowering of
groundwater levels has caused drinking
water supply problems for communities
around the sea. The declining quality of
drinking water is cited as the main factor
increasing intestinal illnesses, particularly
among children, and throat cancer
incidence.

Annual economic damages in the were 92.6
million rubles with the following
distribution: agriculture, 42%; fisheries,
31%; hunting and trapping, 13%; river and
sea transport, 8%; and living and working
conditions, 6%
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Spain

Taiwan
(Taipei)

United States
(Arizona)

United States
(California)

United States
(Florida)

2011

2013

By 2016

By 2020

2013

2011

Geologists have found that massive
extraction of groundwater helped to
generate an earthquake near Lorca in south-
eastern Spain last year that killed nine
people, injured over 100 and left thousands
homeless. The Alto Guadalentin basin’s
groundwater levels have fallen by 250m
between 1960 and 2010, records show.

Recent rains 15 to 60 millimeters rained
over NW Taiwan; this still falls short of the
necessary rainfall to affect the already
depleted reservoirs. Water reserves actually
fell from 42.95 percent to 42.67 percent.

The state of Arizona dependent on the
Colorado River for water could face pulling
out less water starting in 2016 if the Rocky
Mountain snowpack does not improve.

The snowpack supports 40 million users in
seven western states, including Arizona.

Water shortages will cost taxpayers an
estimated $1.6 billion per year

In Montecito, water rates increased by 16%
September 1* due to acute water shortages.
The average monthly water bill is $213. In
1988-1989, the average monthly water bill
was $35 with $1.5 million district expenses.
In the 2012-2013 fiscal year, district
expenses totaled $11 million, 44% for state
water.

More than 1200 water rights were
suspended due to water shortages. Outdoor
water use restrictions were put into place in
1000 public water systems, including 626
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United States
(Texas)

United States

Zimbabwe

Agricultural
Impacts
Afghanistan

1997-1998

1980, 1988,
2011, 2012

2008-2009

2013

1995-2003

with mandatory restrictions

Droughts and floods associated with an El
Nino period caused $2.6 billion in property
damage and $2 billion in crop losses. The
overall hit to the US economy was $25
billion.

Drought impacts on US economy were
estimated at $56B (1980), $78B (1988),
$12B (2011), and >$12B (2012)

Similarly, water shortage leading to
contaminated water caused a cholera
outbreak with 4,000 deaths and 100,000
infections.

From January to November, there have been
1,472 typhoid cases, six cholera cases, 432
deaths from diarrhea, and 59 deaths from
dysentery, all stemming from Harare’s
water shortage.

Years of drought and armed conflict have
reduced the level of surface water in canals
by up to 70 percent, causing a 60 percent
drop in irrigated land. More than 36 percent
of wells had dried up altogether and the
water supply from those remaining was cut
by up to 83 percent, causing an 81 percent
decrease in irrigated land. Afghanistan
requested $76 million in aid because 2.5
million people face “imminent food crisis”
due to water shortages.
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Australia 2001-2008
(Murray-

Darling

basin)

Brazil 2012

Burkina Faso 1997

China 1997
(Yellow
River)

As drought and associated water shortages
worsened from 2001-2008, water
allocations were cut by as much as 84%.
Rice production dropped from 1.7 million
tons in 2001 to only 19,000 tons by 2008
(99% decrease).

Average dairy farm profits dropped by
$120,000 (160%)

Similarly, navel orange production dropped
by 85%, Valencia oranges by 64%,
grapefruits by 36%, and lemons by 33%,

The worst drought NE Brazil has seen in
100 years directly led to the death of five
million cattle in 2012.

Losses in crop and livestock production,
with insect manifestions, plant disease,
livestock mortality, wildlife damage to
crops (cotton), and wind erosion. Food
prices increased as supplies were reduced,
requiring increased importation of food
(higher costs). Impacts on fertilizer
manufacturers, food processors, dairies, and
makers of farm machinery

River ran dry for 226 days, denying water to
7.4 million acres of farmland. Wheat
harvests have been reduced by 3.3 million
tons.
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2001
China 2006
(northern)
China
(Shandong)
Ecuador 2005
Egypt 2013
(Tarhuna)
European 2003
Union

River ran dry for 600 kms inland, causing ~ World Economic Forum. 2011. Water Security. Island Press,

agricultural losses of $1.6 billion Washington DC
Water shortages impacted 98,600 ha Zijun Li, “As Flood Season Arrives, China Combats ‘Drought and
farmland in Jinan area and 15,000 ha Flood’ Climate,” Worldwatch Institute, 6 June 2006, [10 July 2006].

farmland had no harvest

Drought affected or threatened 182 million ~ Sekiguchi, Rylan. Water Issues in China. Updated September 2006.
hectares of farmland, 8.7 million livestock,  http://spice.stanford.edu/docs/113
and 95 million people

Shandong, a major wheat producing area in ~ Hays, Jeffery. Water Shortages in China. Updated April

the Yellow River basin, is drying out. Water  2011.http://factsanddetails.com/china.php?itemid=390&catid=10&s
shortages there have reduced grain harvests  ubcatid=66

by 3.3 million tons (enough to feed 9

million people).

Agricultural losses were bleak for many “When the Water Runs Out.” Pauline Bartalone, Salon, April 6, 2007.
farmers. Drought conditions, frost and plant http://www.salon.com/2006/04/07/ecuador2/

sicknesses cut national production by 35

percent. An estimated $30 million was lost.

Tarhuna’s Municipal Council is trying to “Water shortage hits Tarhuna.” Libya Herald, 3 April 2013.

find out the reasons for the severe water http://www.libyaherald.com/2013/04/02/water-shortage-hits-tarhuna/
shortages. The Tarhuna’s area depends on

the water for 3,000 hectares of cereal
production. Over time, yields are coming in
low due to the irrigation problems.

A drought in 2003 cost the European Union Farmer, Andrew; Bassi, Samuela; and Fergusson, Malcolm. Water
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France

India
(Cauvery
River)

Mexico

Pakistan

2011

1991

2002

2011-2012

2013

2013

13 percent decline in the French wheat crop

Inter-state disputes between farmers over
water allocation rules set by federal
government lead to arson, burglary, 23
deaths and displacement of 100,000.

Farmers commit suicide in protest of
government’s control of water allocations

The water shortage wiped out millions of
acres of farmland, caused 15 billion pesos

($1.18 billion) in lost harvests, killed 60,000

head of cattle and weakened 2 million more
livestock, pushing food prices higher in
Mexico.

Floodwaters deposited silt in canals on the
Indus River, increasing discharge from
13,649 cusec to 16,000 cusec in the Nara
canal, and from10,800 cusec to 15,000
cusec in the Rohri canal. The silt deposits
created water shortages for farmers
downstream, e.g. 18 (out of 300) acres are
cultivatable. 80 farmers protest outside
Islamabad courthouse.

The ruling elite’s unlawful allocation of
scarce water supplies has led to the
desertification of 66,750 agricultural acres
downstream, affecting 100,000 farmers and
causing Rs 1.25 billion annual losses. The
farmers protested with a hunger strike for
27 days, marched 150 km, and have taken

“Europeans Act to Stem Drought Damage.” Doreen Carvajal, New
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Drought-induced losses in wheat production Alan Bjerga, “Drought Stocks the Global Food Supply,” 5 July 2012,

sent food prices soaring in North Africa and
Middle East

More than 300,000 rural residents left their
homes to migrate into Damascus due to
water shortages that cut wheat harvests in
half

Lack of water has caused more than
800,000 people in eastern Syria to lose
“almost all of their livelihoods and face
extreme hardship”

The 2010-2012 drought decreased the UK’s
agricultural revenue by 14%.

Water shortages have cost the agricultural
sector $4 billion a year

Water shortages resulted in $78B in crop
losses

Texas agriculture lost $7.62 billion as a
result of drought. $3.23 billion of that loss
was from livestock, $2.2 billion was from
cotton, $736 million was from corn, and the
rest was from hay, wheat, and sorghum.

Drought contributed to the death of 500
million trees, 10% of Texas’ forest cover,
through a survey of 63 million acres of
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forest. According to the Texas Forest
Service, 5.6 million of these trees died in
cities.

Due to drought, pecan growers lost more
than 25,000 trees over the past year. The
number of pecan growers has decreased
from 60-75 to only about 12-15. A new
pecan tree takes 8-10 years to mature into
production.

Rising cost of corn due to drought-induced
crop losses have caused cattle prices to drop
from $1.60 a pound to $1.20

Farmers suffered $800M in losses
Landscape and garden industry lost $460
million and cut 5,600 jobs

Avocado farming revenues decreased by
10% (nearly $13M) due to water shortages
and increased water costs (state imposed
30% reduction in water allocations)

In Santa Rosa due to water shortage, sugar
cane prices have dropped from 32.24 cents
per pound in 2012 to 21.5 cents per pound.
Sugar cane requires 60 inches of water per
acre per year, but the rainfall average is 29
inches per year.

Due to drought in the San Luis Valley,

potato acreage dropped to 49,700, 11%
fewer than in 2012.
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Brazil 2001

primary cause for spruce beetle outbreaks in
Colorado, killing trees and increasing
runoff, historically and most recently in the
broad-scale outbreak from 2004-2010.

Murray River commercial fisheries
experienced large losses in certain species
such as flounder, which declined in
economic value by 91%.

Due to river waters being too warm and far
too low to support a good salmon
population, the state government halted
fishing to protect the species. The California
Department of Fish and Game estimated
this season's shutdown toll at 2,690 jobs and
an economic drain of $279 million. Fishing
groups say the economic multiplier pegs the
overall loss at 23,000 jobs and $1.4 billion.

In the Sacramento-San Joaquin Delta, a
“critically dry” summer has led to the
continual decline and lowest recorded delta
smelt population, a species protected by the
ESA. The species abundance index has
decreased from 0.9-0.7 since last year.

Due to water shortage and inadequate
freshwater flows, daily harvest yields per
oysterman have shrunk from 40 sacks to
only several.

In the past year, the oyster population has
shrunk by 60%, leading to 44% less revenue
for the industry.

Two-thirds of electricity in Brazil is from
hydropower. Extremely low river flow
greatly depressed hydropower production,
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leading to government mandate to cut
electricity use by 20%. The effects of the
drought-induced energy rationing extended
to the national economy, with an estimated
reduction of two percent of the country’s
GDP, or a loss of around US$26 billion.

Low river flows have resulted in reductions
in hydropower production by as much as
70%.

Burkina Faso had to operate under a
reduced power supply because the power
generation was forced to be cut by the
drought conditions

Several nuclear power plants were shut
down because water levels were too low

France cut its power exports in half

Low rainfall during the monsoon season led
to reduced river flows and hydropower
production (-6%). This contributed to the
widespread electricity blackout that affected
600 million Indians.

Due to acute water shortages and
mismanagement, the city of Agra will shut
down its power for six hours per day for the
next month and a half.
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Failure of rains led to power rationing in
April-May 1992

Massive drought decreased hydro
generation (25 percent in 2000), which had
to be replaced by more expensive fuel-
based generation. Power rationing in 1999—
2001

The Tana River Basin, which accounts for
about 57% of the total hydropower
generation in Kenya, experienced prolonged
droughts in 1999 — 2001 and 2008-2009 that
led to severe water scarcity and shortage in
electrical power supply, causing electricity
rationing though out the country. The
estimated losses in hydropower generation
and industrial production due to water
shortage during 1999/2000 were over $2
billion.

Hydro operation limited to 6 months,
leading to 20 percent reduction compared to
1991

Engineering operations affected by drought.
Amount of hydro energy generated was 6
percent less than in years of normal rainfall.

Massive drought led to70 percent drop in
normal annual production of electricity.

The Mtera dam reached its lowest ever level
resulting in a 17 percent drop in hydro
generation, use of thermal generation to
meet the shortfall, and power rationing.

113091600100_1.html
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In Turkmenbashi, due to acute water
shortage, 15 hospitals and 14 out of 15
schools have no heating.

Reduction in water levels at Lake Victoria
resulting in reduction in hydro-power
generation by 50MW

Reduction in water levels at Lake Victoria
resulting in reduction in hydro-power
generation by 50MW

Proposed power plants have also taken hits
over water needs. Local concerns about
water use have scuttled planned facilities in
Arizona, Idaho, Virginia, and elsewhere.
Developers of proposed water-cooled
concentrating solar plants in California and
Nevada have run into opposition, driving
them toward dry cooling instead.

Hydropower generation dropped by 20%
due to low lake levels along the Colorado
River during drought

Tennessee Valley Authority shut down one
of three reactors at its Browns Ferry nuclear
plant to avoid heating the Tennessee River
to dangerous levels. Due to a drought that
reduced the river level and hottest
temperatures in 50 years, the plant could not
discharge the cooling tower water since it
would have crossed the permissible limit.

Californians paid $500M more for energy
as utilities substituted hydroelectric power
with more expensive energy sources
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(Texas)
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A 2006 heat wave forced nuclear plants in
the Midwest to reduce their output when
customers needed power most. At the
Prairie Island plant in Minnesota, for
example, the high temperature of the
Mississippi River forced the plant to cut
electricity generation by more than half.

As drought hit the Southeast in 2007, water
providers from Atlanta to Raleigh urged
residents to cut their water use. Power
plants felt the heat as well. In North
Carolina, customers faced blackouts as
water woes forced Duke Energy to cut
output at its G.G. Allen and Riverbend coal
plants on the Catawba River. Meanwhile the
utility was scrambling to keep the water
intake system for its McGuire nuclear plant
underwater. In Alabama, the Browns Ferry
nuclear plant had to drastically cut its output
(as it has in three of the last five years) to
avoid exceeding the temperature limit on
discharge water and Killing fish in the
Tennessee River.

The 2011 drought in Texas created tension
among farmers, cities, and power plants
across the state. At least one plant had to cut
its output, and some plants had to pipe in
water from new sources. The state power
authority warned that several thousand
megawatts of electrical capacity might go
offline if the drought persists into 2012.

New coal-fired power plants opposed due to
water shortages
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China (Jinan
city)

China

Europe
(Danube
River)

New Zealand
(Marshall
Islands)

1992

1993

2013

2013

Natural gas companies were forced to
purchase water for hydraulic fracturing
operations due to water shortages

Poor rainfall resulted in a 35 percent
reduction in hydro generation in relation to
the previous year.

Drought led to a drop of over 9 percent in
energy production compared to 1992

Residents from two communities are facing
serious restrictions due to an on-going
drought. Those who disobey the restrictions
face fines up to $440.00.

400 city wells used for industrial and
domestic purposes were shut down in an
attempt to raise the groundwater level. (pg.
1026)

China loses approximately $28 billion a

year in industrial output because of water
shortages

Cargo shipping reduced by 75%

Northern Marshall Islands and other low-
lying islands face extreme drought.

supply/texas-drought-sparked-water-worries-industry/
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Conservation is the theme for
Wellingtonians due to the severe drought
which continues to get worse. Those folks
who defy the ban can face fines up to
$20,000. The city council has instituted a
series of contributive actions to save water
such as daily irrigation of public gardens,
sports fields.

City had to start importing water in tankers
from Marseille, paying triple the normal
cost

With little rainfall, the city of Taipei is in
the first-stages of water rationing. Brought
about since February rainfall amounts have
been only 8-9 percent on the average from
previous years. Update: 18 April 13, The
drought has eased slightly with heavy rains,
but a drought still persists.

On-going drought caused city council to
approve water restriction measures. Homes
are limited twice-per-week. The goal, to
use 30% less water this irrigation season
compared to last year. Restriction estimates
this will save 30 gallons per day per person.

Formosa Plastics had its water allocation
from Lake Texana reduced by 20%. The
plant was able to avoid losses in production,
but had to pay $1 million to Corpus Christi
for more water.

Water disputes are becoming common in
Yemen over access to available water
sources. The Minister of Water and
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shortage-update-15313.htm.
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Environment explains the entire country of
Yemen is in a crisis concerning access to
water sources. Clashes and deaths are the
norm as Yemen finds their available ground
water is being depleted at an “alarming
rate.” Out of 14 water basins in the country,
5 of them are threatened due to depletion
from consumption.

Harare and Parirenyatwa Groups of
Hospitals face acute water shortages,
forcing patients to smuggle their own water
into the hospitals. With clogged toilets and
lack of sanitation, cross infections and
nosocomial infections will rise. The hospital
remains open despite the protests of the
Zimbabwe Association of Doctors for
Human Rights, citing international by-laws.

Lower water level in Lake Mead led to

900,000 fewer visits, 680 lost jobs, $28
million loss in visitor spending and $9.6
million loss in personal income

Glen Canyon National Recreation Area
(Lake Powell) lost 500,000 visits, 758 jobs,
$ 32 million in visitor spending and $ 13.4
million in personal income.
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http://www.thestandard.co.zw/2013/09/08/health-time-bomb-patients-
bring-water-hospitals/

How can tourism research benefit from multi-disciplinary assessments
of climate change? Lessons from the US Southwest. Developments in
Tourism Climatology2007. Barbara Morehouse, George Frisvold,
Rosalind Bark-Hodgins
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