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ARTICLE INFO ABSTRACT

Rising global temperatures will lead to an intensification of the hydrological cycle, resulting
in dryer dry seasons and wetter rainy seasons, and subsequently heightened risks of more
extreme and frequent floods and drought. Climate change will also have significant impacts
on the quality and quantity of water that is available and accessible.  Changes to
hydrological regime may lead to increased flooding, water logging, salinity and salt water
intrusion in coastal regions, changes in freshwater availability due to decreased surface
runoff and increased evaporation. These changes in the hydrological regime may affect
agriculture, food security, health and economy of the nations. The measures for mitigation
are better water management , Clean Development Mechanism (CDM), afforestation to
sequester Carbon, bio-fuels, renewed interest in storage infrastructure for irrigation, explore
wide range of options such as large scale reservoirs, small village ponds, groundwater, water
harvesting (i.e. soil moisture storage), virtual storage (food),  diversity of storage options
within a basin, increasing land and water productivity ,  basin water allocation, early
warning and insurance, focused drought monitoring systems using hydrological-climate
indicators and remote sensing techniques, developing of drought preparedness plans, climate
risk assessment and climate insurance schemes, new research agenda on what are the
impacts of climate change on water. This paper reviews on water resources, impacts of
climate change, water resource management and other necessary mitigation responses
towards the possible impacts of climate change.

INTRODUCTION
Climate change is caused by greenhouse gasses (GHGs), which
enhance the “greenhouse” properties of the earth’s atmosphere.
These gasses allow solar radiation from the sun to travel through
the atmosphere but prevent the reflected heat from escaping back
into space. This causes the earth’s temperature to rise. GHG
emissions have been rising since industrialization in the 1900s,
due to increased burning of fossil fuels. Further significant
increases in GHG levels are expected, particularly as developing
countries become more industrialized. As emerging economies,
such as China and India, grow their contribution to energy
demand will account for an increasing proportion. Fossil fuels are
expected to dominate this increase, and the subsequent GHG
emissions will in turn lead to rising temperatures1. The average
global surface temperature is projected to increase by 1.4–3°C
from 1990 to 2100 for low-emission scenarios and 2.5–5.8°C for
higher emission scenarios of greenhouse gases (under the new
SRES ‘Marker’ scenarios) in the atmosphere. Over the same
period, associated rise in global mean sea level is projected
between 9 and 88 cm2.  More recent scientific research finds that
these temperature projections are actually much higher than
previously thought. GHG emissions are not remaining stable –
they are increasing due to increased energy consumption as a
result of population growth and industrialization. Changes to
India's annual monsoon are expected to result in severe droughts
and intense flooding in parts of India. Scientists predict that by the
end of the 21st century the country will experience a 30 to 50 C

temperature increases and a 20% rise in all summer monsoon
rainfall. The disappearance of large glaciers in Himalayas, may
affect hundreds of millions in India2.

The hydrological cycle, a fundamental component of climate, is
likely to be altered in important ways by climate change.
Precipitation is very likely to continue to increase on average,
especially in middle and high latitudes, with much of the increase
coming in the form of heavy downpours. Changes in the amount,
timing, and distribution of rain, snowfall, and runoff are very
probable, leading to changes in water availability as well as in
competition for water resources. Groundwater supplies are less
susceptible than surface water to short term climate variability;
they are more affected by long-term trends3. Changes are also
likely in the timing, intensity, and duration of both floods and
droughts, with related changes in water quality. These conditions
will be further exacerbated by increasing natural disasters and
their impacts on water for human populations. Significant changes
in average temperature, precipitation, and soil moisture caused by
climate change are very likely affect demand in most sectors,
especially in the agriculture, forestry, and municipal sectors.
Irrigation water needs are likely to change, with decreases in some
places and increases in others. It is very likely that demand for
water associated with electric power generation will increase due
to the increasing demand for air conditioning with higher
temperatures, unless advances in technology make it possible for
less water to be used for electrical generation.   All regions of the
world show an overall net negative impact of climate change on
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water resources and freshwater ecosystems. Areas in which runoff
is projected to decline are likely to face a reduction in the value of
the services provided by water resources. The beneficial impacts
of increased annual runoff in other areas are likely to be tempered
in some areas by negative effects of increased precipitation
variability and seasonal runoff shifts on water supply, water
quality and flood risks4.  The purpose of this paper is to examine
the likely impacts of the climate change on the water resources
and the mitigation.

Quantity of Water

Many of the world’s countries already struggle under existing
water stress from pressures such as irrigation demands, industrial
pollution and water borne sewerage. These pressures will be
significantly exacerbated by climate change, which for many
regions will result in reduced rainfall and increasing temperatures,
further reducing the availability of water for drinking, household
use, agriculture and industry. As these competing demands
intensify under climate change, effective governance for
balancing water demands will become essential, particularly in the
face of strong pressures to prioritize industrial uses over other uses
such as drinking supplies. The Stockholm Environment Institute
estimates that, based on only a moderate climate change, by 2025
the proportion of the world’s population living in countries of
significant water stress will increase from approximately 34
percent (in 1995) to 63 percent5.  For example, in Africa’s large
catchment basins of Niger, Lake Chad and Senegal, the total
available water has already decreased by 40-60 percent, and
desertification has been aggravated by lower than average annual
rainfall, runoff and soil moisture, especially in Northern, Southern
and Western Africa. The consequences for water supply include
smaller flows in springs and rivers, and decreasing groundwater
levels.

Quality of Water

The quality of existing water supplies will become a further
concern in some regions of the globe. Water acquires most of its
geochemical and biochemical substance during its cycle from
clouds to rivers, through the biosphere, soils and geological layers.
Changes in the amounts or patterns of precipitation will change
the route/ residence time of water in the watershed, thereby
affecting its quality. As a result, regardless of quantity, water
could become unsuitable as a resource if newly-acquired qualities
make it unfit for the required use.  For example, in areas with
relatively high water tables, or under intensive irrigation,
increased evaporation due to higher temperatures will raise the
concentration of dissolved salts. Further, increased flooding could
raise water tables to the point where agrochemicals/ industrial
wastes from soil leach into the groundwater supply. Likewise,
higher ocean levels will lead to salt water intrusion in coastal
groundwater supplies, threatening the quality and quantity of
freshwater access to large populations. Exacerbated by over-
abstraction of groundwater inland, this is already occurring in
Israel and Thailand, in small islands in the Pacific and Indian
Oceans and the Caribbean Sea, as well as in some of the world’s
most productive deltas, such as China’s Yangtze Delta and
Vietnam’s Mekong Delta6.

Accessibility of Water

As seasonal water quantities and quality decrease as a result of
intensification of the hydrological cycle, competition for available
resources will intensify. Demand for agricultural and domestic

water in particular increases significantly at hotter and drier times
of the year. Agriculture has always been the dominant end-use of
diverted water; this will only intensify with increasing needs for
irrigation brought on by higher temperatures and reduced
precipitation, coupled with increasing populations. Meanwhile,
demands of industry are expected to become a greater issue in the
competition for dwindling resources; in the event of decreasing
water tables as a result of climate change, industrial needs will be
forced to compete with agricultural and domestic water supply
sources, and could lead to conflict.

Implications

The predicted changes in quantity, quality and accessibility to
water will have important consequences for human populations,
through impacts to agriculture and food security, health, economic
activity, and conflict over water resources.

Impacts to Agriculture and Food Security

Agriculture will be one of the hardest-hit sectors by climate
change, reinforcing the unequal distribution of impacts. In
addition to pressures caused by population growth and intensified
agriculture, warmer temperatures will lead to increased water
evaporation, intensifying the need for irrigation precisely as water
becomes even less available. Increasing supply for irrigation will
simply not be feasible in many regions, particularly where
irrigation capacity is not sufficiently developed to accommodate
changing precipitation patterns. It is estimated that a temperature
increase of 2-3.5 degrees Celsius in India could result in a decline
in farm revenues of between 9 and 25 percent6. The International
Rice Research Institute, for example, estimates that for every
degree Celsius of night time temperature increase, there is at least
a 10 percent decrease in rice production for the African region.
While some areas will benefit from longer growing seasons such
as northern Asia, changes in water regimes will render other areas
unsuitable for traditionally-grown products, and others areas will
become susceptible to new forms of crop and livestock diseases.
In regions already affected by food shortage and famine, this
could cause further disruptions in food supply. Higher sea levels
and increased storm surges could adversely affect freshwater
supplies in coastal areas. Salt water in river mouths and deltas
would advance inland and coastal aquifers would face an
increased threat of saltwater intrusion, jeopardizing the quality of
water for many domestic, industrial, and agricultural users.

Health impacts

Clearly, the health implications of changes to water supply are far-
reaching. Currently, more than three million people die each year
from avoidable water-related disease; most of them are in
developing countries7. The effects of climate change on water will
exacerbate the existing implications of water shortages on human
health, as follows:

Water-borne diseases: result from the contamination of water by
human/ animal faeces, or by urine infected with pathogenic
viruses/ bacteria, both of which are more likely to occur during
periods of flood and therefore intensify with the projected
increases in natural disasters under climate change. Diseases are
transmitted directly when the water is drunk or used in food
preparation.

Water-related diseases: borne by insect vectors those have
habitats in/near water (such as malaria). For example, malaria has
recently appeared in Nairobi and the highlands of Kenya,
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illustrating the expanding range of mosquitoes due to warmer
temperatures.

Water-dispersed diseases: infections for which the agents
proliferate in fresh water and enter the human body through the
respiratory tract (e.g. legionella). Further indirect health
challenges include malnutrition arising from agricultural
disruption and food insecurity.

Impact on Economy

Water plays a key role in economic growth and hence
development. Reductions in water quantity and quality will
require people, particularly women and children, to spend
increased time gathering water, detracting from employment and
educational opportunities. A greater proportion of household
income may need to be spent on water delivered from private
sources, such as tankers, to supplement lack of water locally.
Further, water is a key input to industrial uses, and decrease in
water availability will reduce the industrial growth and hence
inputs to the local economy.

Conflict over Water Resources

Changes to accessibility of water have the potential to increase
conflict, as the competing demands of private, agricultural, and
industrial uses for water put pressure on resources. This may
exacerbate conflict in existing water stressed areas competing
locally for access to natural springs and rivers, as well as lead to
conflicts on a larger international trans-boundary scale. For
example, in northern Kenya, the Samburu have to cope with
changing patterns of rainfall and reductions in rainfall amount,
which coupled with other pressures on the natural resources, are
leading to increasing conflict among tribal groups over access to
scarce water8.

Mitigation

Mitigation implies the human measures, structural and non-
structural, undertaken to limit the adverse impacts of climate
change by reducing the levels of GHGs in the atmosphere. This is
accomplished through the development of appropriate technology
for reducing emissions and/ or capturing them at their source.
Examples of mitigation include measures such as energy
efficiency, promotion of renewable energy sources, and carbon
trading. Mitigation of GHGs is essential to slow and eventually
reverse the impact of climate change. By seeking to limit these
impacts, the severity and extent of which remain largely
unknown, mitigation is the most cost-effective and least risky
strategy for reducing the future effects of climate change.

The adaptation measures appropriate at the community level for
reducing vulnerability to changing water regimes are, in essence,
no different from good practice sustainable development and
disaster risk reduction. It is necessary to consider what impact less
predictable rainfall patterns, more frequent droughts, and weather
hazards of unprecedented intensity will have on the water
quantity, quality and accessibility for communities. Community-
based adaptation options will vary depending upon circumstances
and need to be based on local decision-making.

Adaptation measures include

1. Local watershed management
2. Right to Water
3. Promote greater collaboration in data-collection,

monitoring and access to national information.

4. Awareness programmes to understand the links between
predicted climate change and the impacts that this will
have on water resources at a local level.

5. Health education on the climate/water related health
issues

6. Household water conservation to encourage people to
use treated water for  toilet flushing  and watering
gardens

7. Use of contour bunding, gully plugging, and check dams
and dykes to catch rainwater and  give it time to soak
into the ground, lifting water tables

8. Rainwater harvesting
9. Community ponds to irrigate surrounding land and

provide a water source and options for fish cultivation.
10. Alternative cropping patterns
11. Better water management ,
12. Renewed interest in storage infrastructure for irrigation,
13. Explore wide range of options such as large scale

reservoirs,
14. Virtual storage (food),
15. Diversity of storage options within a basin,
16. Increasing land and water productivity ,
17. Basin water allocation,
18. Early warning and insurance,
19. Focused drought monitoring systems using

hydrological-climate indicators and remote sensing
techniques,

20. Developing of drought preparedness plans,
21. Climate risk assessment and climate insurance schemes,
22. New research agenda to identify the measures to combat

are the impacts of climate change on water.

Providing appropriate incentives to conserve and protect the
resource and opportunities to voluntarily reallocate supplies in
response to changing conditions would assure supplies to those
purposes we value most highly. Measures required to achieve this
objective include elimination of subsidies for the use of
government supplied irrigation water; pricing water at its social
cost; establishing well-defined, transferable property rights in
water; and creating water banks and other institutions to facilitate
voluntary water transfers.

CONCLUSIONS AND FUTURE PERSPECTIVES
As per the evidences collected by IPPC the changes in the climate
are occurring and will continue to occur in the foreseeable future.
The rate and intensity of change is not immediately known, the
impacts can already be observed in changes to the quantity and
quality of water resources. Changes in temperature, precipitation
patterns and snowmelt can have impacts on water availability.
Higher temperatures will increase loss of water through
evaporation. The net impact on water supplies will depend on
changes in precipitation, including changes in the total amount,
form, and seasonal timing of precipitation.  The warmer
temperatures associated with climate change are predicted to
decrease dissolved oxygen levels, increase contaminant load to
water bodies, reduce stream and river flows, foster algal blooms,
and increase the likelihood of saltwater intrusion near coastal
regions. These conditions in the water resources may cause
negative impacts on agriculture, food security, community health
and economy of the nations. These ill effects can be avoided if
proper cleaner technologies are developed to control climate
change along with water management strategies on global scale.
Water management policies can be made more effective by
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raising local awareness. Extensive research at local scales is
needed to reduce the knowledge gap regarding the potential
impact of climate change on water resources. This information
will help to formulate policies to counteract the impacts of climate
change.

References
1. IPCC (Intergovernmental Panel on Climate Change),

(2001) Climate Change 2001: The Scientific Basis,
London, Cambridge Uni. Press.

2. Mall  R.K, Akhilesh Gupta, Ranjeet Singh, R. S. Singh
and L. S. Rathore, (2006). Water resources and climate
change: An Indian perspective, CURRENT SCIENCE,
VOL. 90, NO. 12, 1610-1626pp.

3. Moench, M. and S. Stapleton, (2007). Water, Climate,
Risk and Adaptation. Working Paper 2007-01 Institute
for Social and Environmental Transition (ISET). ISBN:
978-90-78988- 01-4. 80 pp.

4. Bates, B.C., Kundzewicz, Z.W., Wu, S., and Palutikof,
JP., (2008), Climate change and water: Technical paper
VI of the Intergovernmental Panel on Climate Change
(IPCC), IPCC Secretariat, Geneva, 210 p.

5. IPCC. (2007). Climate Change 2007 - Impacts,
Adaptation and Vulnerability Working Group II
contribution to the Fourth Assessment Report of the
IPCC. London, Cambridge Uni. Press.

6. Water Aid,  (2007), Climate change and water resources,
27 pages document available at www.wateraid.org

7. IPCC. (2008). Climate Change and Water. IPCC
Technical Paper VI. London, Cambridge Uni. Press.

8. Smith, D.M. (2006) Just One Planet: Poverty, Justice
and Climate Change. UK: Practical Action Publishing,
p.73

*******


