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Abstract 

Water sustains life on earth for sustainable development. Judicious management of water 

resource has emerged as a key challenge of current century. Fresh water is the most vulnerable 

resource and is prone to effects of changing climate. It may cause serious effects on the intensity, 

frequency and distribution of rainfall patterns on temporal and spatial scales; enhance melting of 

glaciers and increase number and severity of floods and droughts. The Indus River, a major 

water resource of South Asia, has emerged from the Himalayas and the Tibetan Plateau. Global 

average temperatures have been rising, consequently human activities have changed the 

composition of the atmosphere. In the recent past, world climate change had a substantial effect 

on the environment of high mountain: snow, glaciers are especially prone to variations in 

atmosphere. Among various climatic factors, precipitation plays a key role in management of 

natural resource, irrigation scheduling and hydrological modeling etc. Knowledge of temporal 

and spatial occurrence of precipitation is also crucial to study impact of climate change on 

various systems. Pakistan’s agriculture growth depends mainly on irrigation, which produces 

over ninety percent of the country wheat, mostly pulses and nearly all of other important crops.  

Experts proposed resolutions for both demand and supply: new dams construction and other 

infrastructure, improved institutions governing water allocation, improved water productivity in 

agriculture and use. Changes in climate affects agriculture productivity, forestry and marine life, 

tropical cyclone and water sector. 
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Introduction 

Water, a commodity that supports life on the 

earth, is a key component of sustainable 

development. Renewable freshwater 

supplies are scarce in most developing 

countries. The nations endowed with pure 

water supplies have more economic benefits 

than others. Irrigation absorbs almost 80% 

of the total water supplies available in Asia. 

Asia accounts for seventy nine percent i.e. 

370 M ha, more than Europe and North 

America seven percent each, of all 
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annualized irrigated areas. Approximately 

half of the world irrigation area is located in 

6 Asian countries including India (21.7% of 

the total world irrigated area), China 19.4%, 

Pakistan 6.6%, Iran 2.8%, Indonesia 1.8% 

and Thailand 1.7% [1]. 

One of the key challenges of the 21st century 

is the judicious management of agricultural 

land and water resources. Water and land are 

finite resources, but there is growing strong 

competition from others. Agricultural sector 

is the largest that consumed water resources, 

accounting for over seventy percent of the 

global fresh water diverted from rivers and 

reservoirs, although it is as high as 90% in 

Asia and the Pacific region [2]. 

Impact of climate change on water 

resources 

Fresh water supplies are the most fragile and 

the changing climate can have a strong 

impact. There is ample evidence to support 

this claim by observational records as well 

as weather forecasts. The number and 

intensity of highly climatic events is 

expected to increase over the years [3]. This 

can cause severe impacts on the duration, 

frequency and distribution of rainfall spells 

on temporal and spatial scales; intensify 

glacier melting and increase the number and 

severity of floods and droughts. Potential 

direct effects of climate change include 

highly variable patterns of seasonal inflows 

to water supplies, water shortages for 

irrigation, inadequate groundwater recharge 

and rising sea levels, combined with 

significant decreases in water availability 

per person due to ever-increasing 

population, may have serious impact for 

water resources management. 

Agro-based economy of Pakistan, heavily 

relies on Indus irrigation system. The Indus 

River has risen from the Tibetan Plateau and 

Himalayas as one of South Asia's major 

water carriers. As the river comes out of the 

mountains, it has a managed storage at 

Tarbela. The first largest structure 

constructed on the Indus River is the Tarbela 

that contributes its flow to the Indus Basin 

Irrigation System for irrigating Punjab and 

Sindh (Pakistan Provinces), the country's 

leading agricultural products producer. 

Tarbela inflow is estimated at point Besham 

Qila (Indus Basin Area of Besham = 

2,01,388 km2), located at approximately 

eighty km of Tarbela upstream, with an 

average annual flow rate of 2,410 m3/s as 

per Surface Water Hydrology Project 

(SWHP) flow records from year 1969-2008. 

Tarbela reservoir downstream catchment 

area is termed as Upper Indus Basin (UIB) 

resulting from snow and glacier melting, 

contributes most of the influx to the Indus 

River through large mountains. 

Tarbela reservoir management is largely 

dependent on inflow in the summer provided 

by Karakoram Range glacier and snow fed 

channels. The snow availability on 

mountains has a strong impact on the 

moisture deposited on the soil and usable for 

potential runoff [4]. In the UIB high-altitude 

sub-catchments, water runoff during 

summer often covered with permanent 

glaciers and snow pack, is highly associated 

with mean temperature in summer [5]. There 

is relatively higher runoff catchment in 

Hunza River located at Dainyor Bridge at 

the center of Karakoram where cryosphere 

contribute the major portion of flow. In the 

Indus catchment at Partab Bridge station, it 

approximately doubles the runoff level 

along with the Gilgit River. In these sub-

catchments, climate change will directly 

impact in flow of Indus irrigation system. 

The steady rise in greenhouse gas emissions 

has contributed to global warming, and by 

the completion of current century substantial 

variations are predicted in the future climate. 

Global average temperatures have risen, and 

human activities have significantly changed 

the composition of the atmosphere so that 

we can now say with confidence that the 

environment will continue to change. In 
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addition to the projected future temperature 

increase of 1.8-4.0 ̊C (IPCC AR4) by the 

end of 2100, changes in atmospheric and 

oceanic circulation and the hydrological 

cycle will result in large increases in the 

number and severity of extreme climatic 

events such as drought, floods and cyclones; 

rapid melting of world glaciers and ice 

sheets including polar ice; The bad impact 

of change in climate of developing countries 

like Pakistan, where climate change could 

threaten water and food security, will be 

particularly large. 

Climate change in the world has had a 

substantial effect on the environment of high 

mountains in recent decades: snow, glaciers, 

due to their proximity to melting conditions, 

are in particular prone to changes in 

atmospheric conditions. In fact, one of the 

most clearly observable effects of 

temperature increase could be shifts in 

snowfall events and related effects on high-

mountain system physical conditions. This is 

also one of the main reasons for many years 

of using glacier measurements for tracking 

the climate system [6]. The rise in 

temperature recorded from the past several 

decades is commonly correlated with 

hydrological cycle changes such as: rising 

atmospheric water vapor; evolving patterns 

of precipitation, frequency and extreme 

events; widespread snow and ice melting; 

and changes in soil moisture and runoff. It is 

also possible that the predicted global 

temperatures will alter the hydrological 

cycle in ways which have a significant effect 

on the supply of water resources and 

improvements in water quality. Predicting 

future changes in weather patterns at 

regional level or ascertaining the real 

climate change impact on water resources is 

actually too much difficult. 

Over the past decades, the effects of change 

in climate have become increasingly evident 

[7]. In low-income nations, climate change 

forecasts indicate a more volatile climate 

with higher risks [8, 9]. Pakistan is the 

highly vulnerable countries to climate 

change, with its mainly arid geographical 

profile and scarcity of resources [10]. The 

nation is already witnessing a rise in the 

number and intensity of weather events such 

as droughts, extreme temperatures, acute 

water shortages, flooding in some regions 

and enhanced pest and disease outbreaks. 

According to the Global Climate Change 

Vulnerability Index (CCVI), in 2009-2010, 

Pakistan ranked the 16th most vulnerable 

country during 2010-2011 [11]. Several 

examples of more regular climate-related 

effects in Pakistan are the successive floods 

2010 to 2014 and the severe drought that 

lasted from 1999 to 2003. 

Due to changes in the levels of ambient 

greenhouse gases climate change has serious 

impacts on sustainable development of 

society and resources management. General 

Circulation Models (GCMs) provides a 

valuable overview for current climate 

situations and for futures predictions about 

climate changes in the world, their 

adjustment on different regional or local 

natural and controlled systems for climate 

change impact assessment is important to 

question for resolution of course [12-17]. 

Among various climatic variables, 

precipitation is important for many features 

such as farm management, irrigation 

planning, natural resource management, 

ecosystem modeling and hydrological 

modeling. It is important to know its 

temporal and spatial distribution for 

conducting study on climate change effects 

on various systems [18]. 

Impact of climate change on agriculture 

Agriculture growth in Pakistan is heavily 

relying on irrigation, which accounts for 

over 90% of country wheat, mostly pulses 

and almost all other important crops [19]. 

Pasture irrigation contributed mainly for 

milk production and a major part of meat 

feeds [19, 20, 21]. Nevertheless, supply of 
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water per capita has decrease with the 

growing population, groundwater is being 

overused, and salinity in general threatens 

water quality [22, 23]. Future provisions to 

increase food platforms should be 

considered without more water sources and 

water should be used in less quantity [23]. 

All researchers agreed that water shortage 

problems should be properly resolved and 

find proper solutions that balance both 

demand and supply: Fresh reservoirs 

(although not preferred by Kugelman) and 

other such projects, increased water 

production in agriculture, and improved 

water distribution institutions [22-24]. 

Climate change is also projected to have an 

impact on production of food and food 

safety, both these are due to potential 

changes in the extent and irrigation water 

timing and direct impacts on yield of crop 

because of variations in temperature. There 

is unavailability about potential in the Indus 

Basin for water availability, with the 

forecasts that is based on different climatic 

models suggesting decreases and increase in 

the rainfalls, with somewhat higher 

likelihood of water availability till 2050 [25-

28]. Nevertheless, Laghari et al. [29] 

indicate that water availability might be 

increase in the small duration because of 

glaciers melting, there will be a significant 

reduction in availability by 2046-2065. 

Snow and ice hydrology will be affected due 

to variations in temperature, although it is 

projected that the impact on river flow 

volumes will be within current changes [28]. 

The variations in trends of rainfall and 

glaciers and snow melting might cause 

changes in flow rate. Archer et al. [30] 

indicated that data maintain contradictory as 

whether climate variations may have a good 

or bad effects on resources of water, while 

proposed that it may play a minor part than 

the other variables, like decreased in 

capacity because of dam sedimentation, 

increasing groundwater use and more 

economic development and population 

growth [25]. 

In view of its potential environmental 

implications for water scarce countries, the 

problem of climate change has arisen very 

vigorously on a global scale over the past 

two decades. In many regions around the 

world, steadily rise in temperatures and their 

impacts on the cryosphere and precipitation 

are visible. There is evidence that Pakistan 

has a great extent of variations in climatic 

that are occurred in the past in India 

northwest. Spatial changes in rainfall 

patterns were the major component of 

weather variability, along with changes in 

the region's general atmospheric circulation 

[31]. Changes in rainfall patterns have a 

direct effect on the energy, agriculture and 

disaster management. Pakistan is vulnerable 

to a lot of naturally occurring disasters viz., 

floods, cyclones, heavy rainfall, droughts 

and earthquakes, according to the Task 

Force on Climate Change (2010) report in 

Pakistan. The occurrence, frequency and 

intensity of extreme climatic events has 

increased over the past few decades: about 

40 % of Pakistan's people are very 

vulnerable to many disasters that occur with 

changes in rainfall trend, hurricanes, 

droughts and floods [32, 33]. 

The variations in rainfall pattern are 

increasing geographically, annually and 

across seasons in Asia in recent past years. 

There have also been decreasing trends in 

the amount of rainfall along arid plains and 

coastal areas of Pakistan [3]. Pakistan 

Meteorological Department indicated that 

many areas of Pakistan are experiencing hot 

climate. Humid conditions prevail in the 

north, however, over a small area. Sindh, 

major portion of Baluchistan, most regions 

of Punjab and Northern Areas central 

regions receive fewer than 250 mm rainfall. 

Wheat is the staple food of masses, grown 

almost throughout the country under diverse 

climatic conditions in Pakistan. The inland 
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regions becomes as warm as 52̊ C while the 

mountain temperature drops well below the 

freezing point. Major portion of central and 

southern Pakistan, considered as the 

country's granary, are arid, while climate in 

the northern parts of the country is humid, 

with the exception of the dry extreme 

northern mountains [34]. Such regions have 

various geographical aspects that contribute 

in particular weather condition. 

The country's wheat production has grown 

for the past four decades owing to green 

revolution. Nevertheless, there are growing 

concerns about the potential for abiotic and 

biotic stresses to strain sustainable 

productivity. Important factors among 

abiotic stresses is the climate change that 

threaten food security in both Pakistan and 

South Asia. Therefore, food security will be 

top agenda item in the near future in Asian 

countries, owing to population growth and 

have indirect and direct impacts on climate 

changes [35]. 

When average temperature increases up to 

2.5 %, heat stress will limit wheat yield up 

to 60% [36]. Agriculture manly depends on 

climate conditions (light, heat, water) and 

implies a major impact on crop production 

due to climate changes [37-39]. Climate 

change in some parts can result in extended 

dry spells or very extreme heat waves, 

causing serious harm to plant growth by 

decreasing moisture [35, 40]. In addition to 

increasing demand of water for agricultural 

crops on account of enhanced evapo-

transpiration, climate change will adversely 

impact the supply of water for crops [17]. It 

is well documented that water stress tends to 

increase the positive effects of the plant to 

increased CO2 relative to the conditions of 

the well water [41, 42]. The country's arid 

zone is facing acute water shortage due to 

recent climatic change that has greatly 

impacted human life, biodiversity, and 

socio-economic activities. From a national 

and zonal aspect, recognizing the future 

climate change effects is therefore of utmost 

importance [34]. 

Potential impacts of climate change 

The region's predicted climate variations 

include improving monsoon occurrence, 

increasing surface temperature of the earth 

and increasing the intensity and increased in 

the events of rainfall. The consequences 

associated with the environment will also 

result in rise in sea levels. These variations 

could have major effects on the habitats and 

biodiversity of the country; water resources 

and hydrology; agriculture, forestry, 

fisheries, coastal lands and mountains and 

human settlement and their health. 

Forestry and marine life 

The impacts on mangrove forests are 

commencing. Pakistan, the less impacted by 

increase in sea level and it resulted in 

damage of mangrove forests that are the 

major food and fuel wood source for 

breeding site and local residents for 90%of 

Pakistan main exporter of fisheries. 

Agriculture is in particularly important for 

climate-prone crops like rice, other grains 

and cereals, vegetables and spices. 

Agricultural productivity 

Agricultural productivity is likely to suffer 

adversely due to increased temperature, 

flood, and drought conditions etc. As a 

result, many countries in the region would 

be threatened with food security. Due to 

temperature variations in water, productivity 

in aquaculture is also likely to affect 

remarkable changes. The rise in sea level 

will cause the vast Asian coastline's large 

tracts to submerge, resulting in a depression 

of vast sandy beaches. 

Tropical cyclones can intensify 

When combine with the rise in sea level, it 

may result in an increased danger of loss of 

property and life in cyclone-prone, like 

Southeast Sindh, coastal low-lying areas. 

Warmer weather conditions will increase the 

potential for increased incidence of vector-

borne diseases e.g. dengue fever and malaria 
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due to heat and infection. Resultantly 

changes in land use and population pressure, 

changes in climate will also intensify the 

biodiversity dangers. 

Water sector 

It is pertinent to mention that agriculture and 

water sectors will be very vulnerable to 

change in climate. Pure water supply is 

predicted to be more dangerous for climate 

change. Although intensity and number of 

floods in river deltas would eventually 

increases. Extreme water stress can occur in 

the semi-arid and arid areas. 

Conclusion 

Debate on world water shortage and food 

security has deepened in recent times, owing 

to continuously shrinking resources of fresh 

water in most of the areas. For arid, semi-

arid and sub-humid areas, elevated 

temperatures have adversely impacted yield. 

Consequently, the economy of agro-based 

countries like Pakistan is at stake. It is high 

time to take care of all factors that are 

contributing to such a disaster. Improving 

present conservation practices and water use 

efficiency both in irrigated and rainfed 

farming is imperative to future economic 

and agricultural growth. Stopping of 

deforestation and planting of trees may be 

enhanced to improve the constantly 

deteriorating situation. All stake holders 

should pay heed to minimize the risk and 

join hands to improve the climate of the 

region. 
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