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Abstract: Water is essential for every life on the earth and
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for many forms of socioeconomic development activity.

Freshwater scarcity is a major issue in the developing world in terms of human consumption and irrigation. Water is
not evenly distributed therefore some regions (particularly in South Asia and Africa) will experience intensified water
scarcity in coming years. The stressors on water are population growth and climate change. These stressors are ex-
acerbated by poor management and policy on the part of ruling governments. Climate change is of keen interest as it
will impact water availability in unpredictable ways. In this context, it is essential to develop efficient adaptive tactics
(e.g., water storage) to anticipate these changes. The paper, then, will look into the global scenario of water demand,
as well as examine regional conflicts that may become worse under the stress of water scarcity.
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Introduction
ot only is water essential for human life, but also
for all forms of socioeconomic development. Nearly

70% of the earth is covered with water and this contains

approximately 1.4 billion cubic kilometers of water. Only

2.5% of the global water is fresh water and the remaining

97.5% is salt water (figure 1). The largest amount of

usable water is stored in underground aquifers and the

remainder is stored in the atmosphere, natural lakes,
reservoirs, and rivers. Among the available freshwater,

60% of the water is in the form of snow and glaciers,

while 30.7% is stored in the underground,

and remaining 0.3% is in the lakes and rivers

(FAO 2009). This means that less than 1% of

total freshwater is available for human and

ecosystem use (WBCSD 2005).

Figure 2 represents the per capita annual
water available in the world. Based on the
UN Medium Population Projections, more
than 2.8 billion people in 48 countries
will face water scarcity by 2025 and 40 of
these countries are in the West Asia, North
Africa or sub-Saharan Africa (Nellemann
and Kaltenborn 2009). If the population
growth remains same then water scarce
countries will rise to 54 by 2025. This will

(m?/person/year)

in those countries which will be almost 40% people of the
world population (Nellemann and Kaltenborn, 2009). In
1950, the global population was roughly 2.5 billion and
today that number has risen to 7 billion (Mc Cornick et
al. 2013). Today, 500 million people are subject to water
scarcity and that figure will increase to approximately
3 billion by 2025 while the global population overall is
projected to reach about 9.6 billion by 2050 (Hanjra and
Qureshi 2010; Mc Cornick et al. 2013). This population
increase will trigger intense food demands which will
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Figure 2: Annual renewable water available in the world (WBCSD, 2005;

affect approximately 4 billion people living  Revenga, 2001)
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ultimately influence land and water resources
management (Mc Cornick et al. 2013).

Figure 3 illustrates projected water scarcity
in 2025. This water scarcity map has been
prepared based on food production needs to
meet the demands of increasing population
(Rijsberman 2006). Almost all the developing
countries from South America, Africa and
Asia, including Australia will suffer from water
scarcity in 2025 while North America, Europe
and Northern Asia will face few water scarcity
problems. Physical water scarcity leads to
problems such as environmental degradation

Figure 1: Freshwater available on the earth (FAO, 2009; WBCSD, 2005
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) and ground water depletion (Molden 2007).
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MW Physical water scarcity
B Economic water scarcity
I Little or no water scarcity
[ Not estimated

Figure 3: Projected Global Water Scarcity in 2025 (IWMI, 2000;
Rijsberman, 2006)

In the Himalayan region, most of the human settlements
and agricultural lands are on the top lap of the hills and
along the ridges while the streams/rivers run down in
the valley. Therefore, huge investment will be required
to provide water to the people living in the high hills.

In general, water is needed to fulfill domestic,
irrigation, and industrial demands (Sapkota et al. 2013).
Alarge amount of water is needed for cultivation to meet
food demands (Seckler et al.1998) and for industry to
process products (Kemp et al., 2010). Globally, water use
for domestic, irrigation and industry approach 10%, 70%
and 20%, respectively, of the total water withdrawn from
surface water and ground water (Wisser et al. 2008).
Additionally, sufficient freshwater is needed to maintain
freshwater-based ecosystems (Petrov et al. 1993)

Note: T Indicates countries that will import more
than 10% of their cereal consumption in 2025

answers to the following sets of questions for
the Hindu Kush-Himalayan (HKH) region of
Asia.

a) How will the water crisis impact natural
systems?

b) Should water scarcity be a debate for
academic and policy sectors?

c¢) Does water scarcity really exist or is it fiction?
d) What are water demand and supply
scenarios?

e) What is the relationship between water and
poverty?

# f) Who owns the water and who is responsible
to manage it for sustainable development?

The Hindu Kush-Himalayan (HKH) Region

The mountainous territories of the HKH range (figure
4) extend from Myanmar in the east to Afghanistan in
the west running about 2,400 kilometers in length. The
Himalayas sare the source of water for ten major Asian
rivers, including Amu Darya, Tarim, Indus, Ganges,
Brahmaputra, Irrawaddy, Salween, Mekong, Yangtze
and Yellow river (ICIMOD 2011). Together, these rivers
occupy about 8.6 million square kilometers of area and
run through 16 different countries of Asia: Uzbekistan,
Turkmenistan, Tajikistan, Kyrgyzstan, Afghanistan,
Pakistan, India, Nepal, Bangladesh, Bhutan, Myanmar,
China, Laos, Thailand, Cambodia, and Vietnam. For
this reason, the Himalayan region is often called the
“water tower of the Asia”. The HKH region (which has

and cultural/religious water requirements, such
as river water needed for Hindu rites (Alley 2002;
Duncan 1950). Climate change and excessive
withdrawal of water are major factors that affect
freshwater availability. Thus the world’s water
demand is increasing rapidly along with increasing
demand from industries and population, but
the supply of the water is declining, especially in
the developing countries (Gleick, 2003; Seckler
et al.,, 1998). The problem of water scarcity has
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increased disputes among the water users and
raised many questions about water rights. In a
lesser developed country like Nepal, one of the
persisting challenge to water scarcity is unequal
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Figure 4: HKH Map with major river basins (ICIMOD, 2011)

land ownership structure and class inequalities (Sugden
et al. 2013, 2014). Disputes on the issues of water rights,
requirements, and water use are becoming more critical
due to increasing demands for economic development, a
better environment, health and hygiene, and societal and
cultural values.

The purpose of this paper is to project and analyze
the consequences of regional water scarcity and the
efforts of local level water management. By reviewing
and synthesizing the literature, we attempt to outline
the global water demand and supply scenario,
regional conflict and water scarcity, and the best water
management options for local levels by exploring the
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an area about 3.44 square kilometers) covers parts of
Afghanistan, Pakistan, India, China, Bangladesh and
Myanmar, and all of Nepal and Bhutan. The Himalayan
region has the largest ice coverage outside the polar
caps with more than 100,000 square kilometers (Vaidya
2009); and the glaciated area is 33,000 square kilometers
(Hua 2009). Hence, the rivers of HKH region are dominated
by glacier and snow melt.

Water Scarcity in the HKH Region

The great mountains in the HKH region are the primary
water source for a large number of people living in Asia.
Approximately 70% to 90% of the freshwater of the HKH
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region is used to irrigate agricultural lands (Nellemann
and Kaltenborn 2009). However, the region is also
facing a water crisis problem, and according to the
projections, water stress will grow in the future (IWMI
2000). Major causes for water scarcity in these regions
are population growth, food production, and climate
change (Rijsberman 2006). Nearly 100,000 children
are born every day and the population will grow to 8
billion by 2050 (Nellemann and Kaltenborn 2009). At
present, about 10% to 25% of the freshwater is used
for households but this will increase in future due to
population growth; and we need more water to produce
more food to feed animals and for human consumption.
Additional 30% to 50% water will be required in a next
few decades in the agricultural sector and will rise from
70% to 80% by 2050 (Nellemann and Kaltenborn 2009).
Additionally, climate change has altered the seasonal
variability in the flow of Asian rivers (Bharati et al. 2011;
2012). This reduces water availability during dry seasons
in the regions where water flows consistently decrease on
the snow and glacier fed rivers.

Cereal production and cereal demand is increasing
in the HKH region. Water from the Himalayas and the
central Asian mountain support the cereal production
over 500 million tons every year (Nellemann and
Kaltenborn 2009). This is 55% of cereal production in
all of Asia and 25% of the world. Rice is a staple crop for
people living in HKH, even though rice is a particularly
water-intensive crop. In addition, meat consumption
rates are increasing in this region. Studies show that
compared to water required for grains, meat requires
ten times more water to produce a kilogram (Rijsberman
2006). As a result of these many factors, for first time in
the human history, water consumption and freshwater
pollution will reach levels where water scarcity may limit
food production, urban water supply, and ecosystem
function in coming decades (Jury and Vaux 2007).

Impacts of Water Scarcity in the HKH Region
Water supply and sanitation

Water is crucial to health and hygiene in every
community. However, despite recent huge investments
in water and sanitation of the region, a large number of
peoplestill do not have basic water and sanitation services
(Wijesekera 2006). In terms of health and hygiene,
developing countries are more vulnerable due to poverty
and have more restricted access to water resources.
The population growth in the developing countries and
increasing water demand has severely affected water
supply so as to maintain improved sanitation practices.
Therefore, the water scarcity increases threat of the
epidemic water borne diseases, particularly in poor
communities, which, in turn, influences infant and child
mortality rates. Nearly half the people in developing
countries suffer from diseases caused by insufficient and
poor water supply and sanitation (WHO 2004).

Environment and ecology
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Environmental degradation is one of the serious
problems of the HKH region due to climate change,
water overuse, and poorly-managed urbanization.
Landslides and floods are common natural disasters
in the HKH region (Shrestha 2007). They sweep away
fertile soil and affect the sub-surface hydro geological
condition of the region (ICSU 2008). Changes in sub-
surface hydrological conditions is one reason why spring
sources in the hills and mountains dry up, thus depriving
hill residents of sources for drinking water (HELVETAS
2013).The temperature of the region is also increasing
as a consequence of the global warming (Hua, 2009).
This brings various problems such as faster snow and
glacier retreat in the region; shifting up agro-ecological
zone, and land degradation. Therefore, water scarcity is
changing the hydrology and ecology of the watersheds
which ultimately impacts the environment and water
resources of the region.

Agricultural production

The concept of ‘green revolution’ was introduced
during 1960s to save millions of people from starvation
by producing a high variety of food grains using hybrid
seeds, fertilizers and pesticides; and by applying
sufficient water through modern irrigation technology
(Hazell 2009). Due to changing irrigation technology,
farmers want to grow high value crops to earn more profit
(Gleick 2003). Therefore, farmers’ interest in cash crops
and the concept of efficient water use is also changing
water demand. However, decreases in water availability
will seriously impact food production and Asian cereal
productions will draw down by 10% to 30% more than
projected for future (Nellemann and Kaltenborn 2009).
Lack of access to markets, high prices for fertilizer
and seeds, lack of infrastructure and investment, and
unreliable institutions are also major challenges in the
agricultural sector (Sugden et al. 2013; 2014).

Livelihoods and socioeconomic

In the future, the price of water will increase due to
water scarcity. This will hike the prices of commodities
and food as well. Moreover, there will be a reduction
in food production due to less available water while,
on the other hand, food demand will increase to meet
an increasing population. Based on projections from
the World Bank (WB), FAO, and United Nations (UN)
reports, food prices will increase by 30% to 50% in the
future (Nellemann and Kaltenborn 2009). This will
escalate poverty in the developing countries where poor
people are spending 70% to 80% of their income on food.
Therefore, the least developed countries will be more
vulnerable in terms of suffering an environmental food
crisis (Nellemann and Kaltenborn 2009).

Water Resources and Management
Water resources and climate change

Major rivers of the world draw their water from
glaciers and snowmelt. Due to global warming,
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temperatures are rising and glacier retreat and snowmelt
processes are increasing in pace (Pelto 2013). More
specifically, temperatures are increasing by 0.03°C
per year in the HKH region and even higher in the
mountain region when compared to lowlands (Hua
2009; Rangwala and Miller 2012). Changes in monsoon
patterns and rising temperature have contributed to
the depletion of the glaciated area in the HKH region
and this ultimately is impacting river basin hydrology
(Nellemann and Kaltenborn 2009). Therefore, people
of developing countries are more vulnerable due to their
limited capacity to adapt (Siddiqui et al. 2012). As a
result, both flood and drought are increasing by intensity
and timing while agro ecological zones are shifting.

Water management in local context
River basin development

River basin development planning is necessary
to conserve water for the future. And knowledge of
the hydrological processes in the basin is required to
overcome water scarcity problems and improve water
allocation practices. However, river basin development
will depend on the understanding of local residents and
local bodies, and the policies of government (Mc Cormick
et al. 2013; Sugden et al. 2013, 2014). Therefore, the idea
of storing excess water to use in water scarce periods to
increase crop productivity has been pitched as the “Blue
revolution” (Mac Cartney and Smakhtin 2010).

Water storage will be effective option to better manage
water to fulfill demand in an era of climate change (Hua
2009; Mac Cartney and Smakhtin 2010). A critical
challenge in developing countries is how to deal with the
increased variability and uncertainty of rainfall pattern
that affect farming systems of the region (Sugden et al.
2013, 2014). Changes in rainfall will impact variability of
ground water recharge and river flow. Therefore, water
storage will be the best option to elevate water security,
agricultural production, and adaptive capacity to climate
change if it is planned and managed properly. However,
water storage must be complemented with other practices
(Mac Cartney and Smakhtin 2010; Vaidya 2009).

Watershed vulnerability

As part of river basin development, studies have
shown that the vulnerability assessments of watersheds
need to be completed prior to any basin level planning
(Siddiqui et al. 2012). The vulnerability ranking is most
important in developing countries where investment is
limited. Watershed level management schemes can be
started in the most vulnerable watershed as a pilot project.
Then the outcomes of those projects can be used in the
development of other watershed plans. In the context
of Nepal, socioeconomic and physical parameters are
considered to prepare watershed vulnerability maps. The
vulnerability assessment is carried out in three levels:
sensitivity analysis, adaptive capacity analysis, and
exposure/risk analysis (Siddiqui et al. 2012). Combining
the results of these three assessments renders a final
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vulnerability ranking.
Watershed interventions

The major challenge of the HKH region is too
much water in monsoon and too little water in winter.
As a solution, excess water from monsoon needs to be
stored for times of drought. Countries like Nepal have
focused only on land degradation management so far as
watershed interventions are concerned, and this practice
is not enough to address the issues of livelihood and
environment (CGIAR 2013). Therefore, based on the
studies and practices around the world (Garg et al. 2012;
Singh et al. 2013), watershed technologies such as storage
ponds, infiltration ponds, terracing farm lands, and a
forestation need to be considered for implementation.

Payment for Ecosystem Services (PES)

Payment for Ecosystem Services (PES) is essential for
the sustainable conservation of water resources, sustainable
land management, and minimizing environmental
degradation (UNECE 2007). The idea of PES has been
developed as a win-win for both conservation and
development objectives (Mc Elwee 2012; Schomers and
Matzdorf2013). Infrastructure across rivers will affect the
function of river water ecosystems, and it has to pay high
economic and environmental costs (Fu et al. 2014). PES
will provide incentives and benefits for people who wish to
protect their ecosystem services for the wider communities
(Karky and Joshi 2009) and assist in sustainable watershed
development (Khanal and Paudel 2012).

Conclusions

If we consider global water availability and demand,
we can see that the real problem is water management.
However, freshwater distribution is not even throughout
the world and this creates challenges to water allocation
and management as required. For example, countries
like Canada have surplus freshwater, but this surplus
water cannot be used for the deficit areas of the world. We
understand the principles of inter basin water transfer
but this can only be done regionally. Therefore, regional
level management plans and policies are essential for
proper management of water resources to increase food
production and watershed development.

The idea behind watershed interventions is to
preserve excess water during high precipitation periods
or events (e.g. monsoon) to use for irrigation during
periods of low precipitation and high demand. The water
can be stored either in surface or in the sub-surface by
natural or artificial infrastructures. However, focus
should be on small scale watershed interventions and to
improve irrigation systems (Sugden et al. 2013, 2014).
The amount of irrigation water must be based on the
requirement of crop characteristics. That is how we can
increase crop water productivity. In addition, we need to
identify alternative sources of cereal to feed animals and
this will help to reduce water consumption. We also need
to promote small scale farming business to adapt impact
of the climate change and need to promote eco-based
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farming system to reduce the spread of invasive species,
and to maintain sound bio-diversity and ecosystem.
PES is one of the best option to manage water without
environmental degradation and for the sustainable
development of the water resources (Mc Elwee 2012).
However, population growth control and development of
adaptive capacity to climate change is essential for the
future water security. Therefore, regional scale integrated
water policy is needed for the sustainable development
and management of the water resources.
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