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ABSTRACT

Water scarcity (WS) refers to the dearth of sufficient accessible water
resources to fulfil the needs of an area. As a result of population growth and
climate change, WS problem is rapidly mounting in many parts of the world.
Pakistan is an exceedingly WS vulnerable country with little capability to cope
with water crises. Water shortage is a big restriction to socio-economic
progress and a menace to livelihood in the country. This study sheds light on
various aspects of the current situation of WS issue in Pakistan and suggests
some remedial measures. The prime objective of this study was to present a
spatio-temporal view of the WS risks of Pakistan focusing on to its major
reasons, effects and remedies. This was an assessment study mainly based on
secondary data sources. The information was primarily obtained from various
national and international reports, surveys, researches and other literature.
Some of the widely recognized indices, specifically Falkenmark’s indicator,
water resources vulnerability index (WRVI), IWMI’s water stress indicator,
and water poverty index (WPI) were applied to assess the WS situation in
Pakistan. Selected aspects of WS were also compared with some other
countries. Results show that demands for water are increasing and per head
water availability is decreasing. WS indices values clearly indicate that
Pakistan is a water scarce country. Estimates of the global organizations like
FAO, IWMI, IMF, and UNICEF also indicate that Pakistan is a highly vulnerable
country to water crisis. The study concludes that WS is a reality in the country
and population growth, climate change, inefficient infrastructure,
mismanagement and pollution are its main causes. The key remedial
measures include masses awareness, enhancement of water storage
capacity, and efficient use of water resources. As regards policy implications,
this study may help to draw some lessons for the future planning.

KEYWORDS: Economic water scarcity, indicators, Pakistan, physical water
scarcity, water scarcity risks, water scarcity measurement.

1. INTRODUCTION

Although, almost 71% surface of the earth is capped by aquatic-bodies, water is
highly unevenly distributed spatially as well as temporally across the
landmasses. This is the most vital commodity for human life from all angles,
from survival to an enhancement in prosperity, and for which people are
prepared to perish and be killed. The Greater Darfur region’s conflict in
Sudan is an example (Smith, 2017). Presently, the global water budget is
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under stress which is indicated by a 20% decrease in per head renewable
internal water resources at world level between 2000 and 2018 (FAO, 2022). It
is a widely held view that ‘water wars’ can break in near future to get hold
on water resources if the global community did not pay attention to
overcome the problem of water scarcity (WS). Alike the previous century
which was the ‘century of oil’, current century can be the ‘century of
water’, but unalike oil, there is no alternate for water. Views exist that
globally influential powers of current century would be the countries
containing plentiful water resources like Brazil, Canada, China, Russia and
USA (Wattoo, 2022). Population augmentation, economic advancement,
and nutritional shift from plant products towards animal foods have led to
ever growing water demands and subsequent pressure on water
resources. Globally, numerous areas such as India, Pakistan, Middle Eastern
and several African countries are now suffering from the issue of WS, the
situation in which water demand by all sectors cannot be fulfilled
satisfactorily (Alcamo et al., 2000; Vorosmarty et al., 2000; Falkenmark et
al., 1989). In broader sense, the term implies scarceness in obtainability
associated with physical dearth, or scarceness in access because of
inefficiency of the concerned departments to guarantee a consistent
supply or because of the absence of appropriate infrastructure.
Deterioration of water quality also leads to WS (Rijsberman, 2006). When
demand exceeds supply and people of a region cannot get clean and
affordable water to meet municipal (or household), agricultural and
industrial requirements for a considerable time, that dominion is called
water scarce (Damkjaer & Taylor, 2017). Indeed, WS instigates from the
point wherein the combined effect of all consumers interrupts the water
provision or quality under prevalent formal arrangements to the level that
the demand by all sectors, including the environment, cannot be met
satisfactorily (UN-Water, 2006). WS is thus, a relative conception and may
arise at any stage of demand or supply. It may be a social create (a
creation of prosperity, hopes and routine behavior) or the result of
changed supply patterns instigating from climate change (UN, 2014). The
term is now commonly used in government reports, in academic literature,
and in the reports of international organizations like UNO and OECD,
media and NGOs to identify the regions where water resources are under
stress. In current era, water crises are not infrequent even in countries
with plentiful water resources and occur due to several reasons like
physical shortage, institutional failure and absence of appropriate
infrastructure. The poor access to satisfactory amount of water has an
immense impact on the environment and socio-economic development. It
threatens the physical environment and humans in a number of ways
upsetting all facets of human development including health, education,
agriculture, livestock rearing, economics and even peace and stability
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(Manungufala, 2021). Meanwhile, the influence of climate change has
increased the threat of droughts as well. At present, about 2.4 billion
individuals are inhabiting in high water stressed countries and their
number will continue to grow (Water Scarcity Clock, 2022). This is why the
issue needs to be probed aptly.

WS essentially implicates water stress, water deficits, and water crisis. The
idea of water stress is comparatively recent and concerned with the
difficulties of accessing sources of freshwater for utilization over a span of
time. It may arise due to more decline of obtainable water resources.
Water deficits can occur as a result of enlarged population demands,
climate change associated with changed weather patterns causing
droughts or floods, overuse of freshwater, and enhanced contamination.
Water crisis refers to a situation in which available clean water in an area is
lesser than its needs. In terms of severity, WS is a stage next to water crisis
and arises as a result of two uniting phenomena, increasing freshwater
usage and decline of available freshwater resources. Based on reasons,
Molle and Mollinga (2003) mentioned following five types of WS;

1. Physical or absolute WS most often prevails naturally in arid areas where
availability of water is constrained by nature, but at times, may originate
artificially because of imperfectly managing and distributing existing water
resources, (Giordano et al., 2019).

2. Economic or human induced WS originates when water cannot be used
due to the deficiency of economic resources and lack of ability to pay for
the access to water resources (Paulson, 2015).

3. Managerial WS refers to inefficient management and poor maintenance
of water resources such as losses along the supply systems and water
contamination. All this results from malfunctioning of water distribution
networks and inability of the systems to meet demands.

4. Institutional WS results from the incompetence of institutions to forecast
and manage the variations in demand and supply of water and to arrange
proper technologies.

5. Political WS refers to the situation when publics cannot access to water
source due to political restrictions (Molle & Mollinga, 2003).

In brief, from late 1980s onwards, research on WS has appealed much
political and public attention. Many researchers and experts, hitherto,
have made efforts to develop methods and guidelines to delimit water
scarce areas, to identify root causes of WS, and to manage water resources
efficiently. The study in point is produced keeping in view the increasing
severity of issue in the country. It attempts to seek the answers of some
basic questions; is WS a reality in Pakistan? How risky WS is for the socio-
economic advancement of the country? And what are the possible remedial
measures?
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2. MATERIALS AND METHODS

Though, some personal field observations are also included, the study is
primarily based on the data acquired from secondary sources. The
information are chiefly collected from AQASTAT, national and international
reports, surveys, researches, newspapers and various other kinds of
literature. From 2005 onwards, the Land and Water Division of FAO
prepared a global water information system known as AQUASTAT which
compiles data acquires from the public sectors of individual countries
(FAO, 2010). As regards WS measurement, it is a hard task because an all-
encompassing and fully agreed upon scientific method for its estimation
has not yet been developed (Manungufala, 2021). However, it is usually
measured per person per annum renewable water supply (Brown &
Matlock, 2011; Rijsberman, 2006; Falkenmark et al., 1989).

During the last few decades, dozens of WS measuring tools have been
developed to quantify WS situation for decision making and policy devising
for tackling the issue. Table 1 mentions just few of the over 150 identified
indicators (WWAP, 2003; Vorosmarty et al., 2005). Varying from simple
and straightforward to intricate and multidimensional, all these have their
merits and demerits and are in common practice (Liu et al., 2017; Wang et
al.,, 2012; Komnenic, Ahlers & Van der Zaag, 2009; Alcamo & Henrichs,
2002). The key elements of these indices are population size, availability
and usage of water (Liu et al., 2017).

Hydrologists characteristically judge scarcity by considering the
population-water equation (UN, 2014). Falkenmark’s (1989) physical water
stress indicator that had been used by the UN for the international
comparison of water availability in individual countries was applied for this
study. According to him, a country is called water stressed when its water
supplies reduce under 1,700 m3/person/annum, water scarce when water
provisions fall below 1,000 m3/person/annum, and there is an absolute WS
when water supplies fall under 500 m?3/capita/year (Table 2). Due to
simplicity of calculation, his index is widely used to estimate WS. Involving
just total population of the given region and the amount of water (called
blue water by him) accessible within the region it is calculated as;

_ Surface Runoff (in m?)
Population

FI
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Table 1: Some selected indices commonly used for water scarcity

assessment

WS indices Developed by Definition

Falkenmark Falkenmark, Measures water availability in m*® per person per

Indicator (Fl) 1986 & 1989 annum within the region (FI = Available
Water/Population).

Basic Human Gleick, 1996 Measures the water consumed to fulfil the basic

Need Index needs of people like drinking, cooking and washing

(BHNI)

Water Resources Raskin et al., Estimates WS as a ratio of total per year water

Vulnerability 1997 consumption to total water resources available in

Index (WRVI) the region or country. If use is between 20 & 40%,

the country is classed as water scarce. When use
surpasses 40%, the country is called as sternly
water scarce.

International

Seckler, et al.,

Considers the portion of renewable water

Water 1998 resources available for human needs, guaranteed
Management by present water infrastructure, with respect to
Institute (IWMI) main water supply. This indicator estimates
Indicator physical and economic WS.

Social Water Ohlsson, 2000 Estimates the capability of people to adjust to
Stress Index water stress situations using technological,
(SWSI) economic or other methods.

Environmental World This index deals WS as a function of water
Performance Economic availability and water uses, and tells water overuse
Index (EPI) Forum (WEF), in a region. It is computed by ‘subtracting the

2002

recommended use fraction (0.4) from the ratio of
total fresh water withdrawals (including both
renewable and fossil ground water) to total
renewable water resources’ (EPI, 2022).

Water Poverty
Index (WPI)

Sullivan,2002;
Sullivan, et al.,
2003

This index assesses weather people are water
secure at domestic and community level or not. It
measures physical water availability for people and
environmental needs, water quality, percentage of
people having access to clean water and time taken
by the persons to collect water, issues of water
management, and economic & social dimensions of

poverty.
Water Stress Smakhtinetal.,, Tells water stress level using WSI=Water
Indicator (WSI) 2005 withdrawals/Mean annual runoff  (MAR)-

Environmental water needs (EWN). Environment
needs certain amount of water for maintenance
(EWN), and not all water (measured as MAR) can
be treated available for human use. Index value
ranges from 0 to 1 that moving towards 1 indicates
high water stress and vice versa.

Watershed
Sustainability
Index (WSI)

Chaves &
Alipaz, 2007

Index is watershed specific and used to estimate
water sustainability within a maximum area of
2500 km?2. Bigger areas are divided into smaller
units to gage WSI. It considers hydrology,
environment, life, and policy. Each factor has equal
weightage with fixed scores of 0.25, 0.50, 0.75, and

238



Understanding Water Scarcity Risks of Pakistan: A Spatio-Temporal View

1.0.
Agricultural Water  Forouzani & It evaluates the agricultural water concerns by
Poverty Index Karami, 2011 combining various elements of agricultural water
(AWPI) system. Index considers five key components and
several sub-components.
Water Self- Aldaya et al., It measures WS in terms of water demand for the
Sufficiency (WSS) 2010 production of goods and services. Ability of a

country to supply for the requirements of its
regular activities is estimated. The ratio of internal
water footprint to the total water footprint is
calculated and stated in percentage. Value towards
100% indicates that demanded water is available
within the region and towards zero indicates heavy
reliance on imported water.

Note: Indicators used for the estimation of WS for current study are given in bold.

Another simple method used for current study is known as critical ratio
index or water resources vulnerability index (WRVI). This index was
originally initiated by Szesztay (1972), later improved by Raskin et al.
(1997), and then modified and used by several others (Brauman et al.,
2016). The index states the association amongst overall water withdrawals
(or consumption) and water availability (Manungufala, 2021). It tells what
percentage of available water is being obtained for use which is called as
‘withdrawal-to-availability ratio’ (WTAR) or ‘use-to-availability ratio’. It is
thus, a ratio of the sum of domestic water demand, industrial water
demand and agricultural water demand to water supply, and can be
calculated as;
WTAR = DWD + WD + AWD
WS

Where;

WTAR = Withdrawal-to-availability ratio, DWD = Domestic water demand
(km3/year), IWD = Industrial water demand (km3/year), AWD = Agricultural
water demand (km3/year), and WS = Water supply (km3/year). Estimated
at national level, a country is called water stressed if yearly withdrawals
are between 0.2 and 0.4 (20-40%) of yearly freshwater supply, and sternly
stressed if ratio surpasses 0.4 (40%) (Damkjaer & Taylor, 2017). Besides,
Pakistan’s WS problem was judged by using IWMI’s physical and economic
water stress indicator and WPI (Table 1).

Table 2: Falkenmark water stress index

Sr. No. Index (m3/capita/year) Category

1. >1,700 No Stress

2. 1,000-1,700 Stress

3. 500-1,000 Scarcity

4 <500 Absolute scarcity
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In short, most of the advancement made in WS measurement methods
during preceding some decades is related to water obtainability and
utilization quantification by using spatially explicit models. Nonetheless,
the challenges continue on proper integration of soil moisture (green
water), quality of water, environmental flow needs, globalization
(worldwide developments), and virtual water trade in WS appraisal.
Meantime, intra and inter annum variations in water availability and
consumption also require assessment of the temporal aspect of WS. All
this needs combined efforts of geographers, hydrologists, economists,
environmentalists and social scientists to frame unified approach to
apprehend the multifarious nature of WS.

3. RESULTS

Worldwide, several places are persistently facing WS issue because water
consumption at the global level has increased at a rate higher than double the
rate of population growth over the previous century (Zabarenko, 2011; SDG,
2019). It is now a growing concern of many nations all over the globe
including Pakistan (Figure 1). According to CEOWORLD magazine (2019),
seventeen hot and dry countries namely Qatar, Israel, Lebanon, Iran,
Jordan, Libya, Kuwait, KSA, Eritrea, UAE, San Marino, Bahrain, India,
Pakistan, Turkmenistan, Oman and Botswana are ‘extremely high water
risk countries’ of the world facing baseline water stress. Pakistan ranks 14
among these countries, suffering from extremely high water stress.
Though WS is the outcome of a multifarious interplay of several natural
and human factors, in Pakistan it is mainly caused by rapid population
expansion and accelerated urbanization, climate change, inefficient
infrastructure and lack of water storage capacity, poor management and
wastage of water, overuse of groundwater, and water pollution. However,
the biggest constraints on the Pakistan’s water resources are ever
increasing population and most widely prevalent arid and semi-arid
climate (Imran, 2022).

Pakistan’s population increased by 3.6 times between 1972 and 1920
elevating the country in ranking from 9% to 5 position among the global
nations (World Population Review, 2022). During the same period,
population of Bangladesh increased by almost 2.5 fold from 66.6 million to
164.7 million (Magbool, 2022). The National Institute of Population Studies
(NIPS) estimated that Pakistan had a population of 224.78 million in 2021
(GoP, 2022), while according to World Population Data Sheet, growing at a
rate of 2% per annum, its current population is 235.8 million (PRB, 2022).
Containing 2.85% of the global population, the country holds just 0.5% of
the world’s renewable water resources. Globally, it ranks 36 in overall
renewable water resources compared to Bangladesh 12 and India 8™ in
2017 (FAOQ, 2021). As a consequence of population expansion, pressure on
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country’s both surface and ground water resources has increased
significantly. The past trends indicate increasing overall and per capita
demands in all sectors and consistently decreasing per capita availability of
water (SDG, 2019). Overall water usage has inflated by almost 0.7% per
annum between 1977 and 2017 (FAO, 2021; World Bank, 2021), while
available water resources stayed fixed at 246.8 billion m3?(Table 3).

Little or no water scarcity ~ APproaching physical /b

M Physical water scarcity Waler scarclty _
Not estimated M Economic water scarcity

Figure 1: Pakistan’s position among World’s physical and economic WS
regions

Source: WWAP, World Water Development Report 4, March 2012.

Table 3: Increase in population and stress on water resources

Parameters Situation Situation  Annual
in 1972  in 2020 change rate
in %age
Population in millions 61.4 221 2.7
Aggregate water resources in 246.8 246.8 0.0
billion m?
Per capita renewable water 3,478 1,117 -2.3

resources in m3

Total water withdrawals in billion 153.6* 200%** 0.7

m3

Note: *Data refer to 1977, **data refer to 2017. Source: FAO, 2021 &
World Bank, 2021.

Figure 2 indicates that according to Falkenmark’s indicator, average per
head water availability in the country has dropped from 5,229 m3/year in
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1962 to 3,478 m3/year in 1972, 1,187 m3/year in 2017, 1,117 m3/year in
2020, and now is at the verge of falling below the threshold limit of 1,000
m3/person/year (Qureshi & Ashraf, 2019; FAO, 2021; world Bank, 2021).
The amount of available water can further fall by 20% during the dry
period (Habib, 2015). This situation has caused an upsurge in the stress on
water resources and placed the country in the category of extremely high
ratio of water withdrawal to supply (WRI, 2021). This is evidently mirrored
by WTAR that has increased from 62% in 1977 to 82% in 2017 (FAO, 2021).
Pakistan was ranked 160th among the world nations in the percentage of
water extractions to total fresh water resources in 2017 and attained
improved position from only 18 countries (WRI, 2021). Further, growing at
current rate, Pakistan’s population is projected to reach 367. 8 million in
2050 (PRB, 2022). The proportion of people residing in cities is also
estimated to rise from 37.2% in 2020 to 52.2% in 2050 (UN, 2021).
Considering water efficiency fixed at the present level, the water
withdrawal-to-availability ratio might surpass 100% in coming few decades
(Magbool, 2022). According to IWMI’s physical and economic water
scarcity indicator, the countries that would not be capable to fulfill their
projected water demands by 2025 are grouped as physically water scarce.
According to this index, Pakistan is already facing WS (Figure 1). It has
suffered from 11% water shortage in 2004 which is predicted to reach 31%
in 2025, pushing the country further to physical and economic WS (Ashraf,
2018). Current per head water availability is also much lower than the
global water poverty index (WPI) of 1,700 m3/person/year (Figure 2 & 3).

6,000 5,229

5 000 4,600
4,000
o
3,000
>

Q,000

1962 1967 1972 1977 1982 198YEX¥O2 1997 2002 2007 2012 2017
Figure 2: Changing per capita water availability trends in Pakistan (1962-
2017)

Source: FAO, 2021.
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In sum, assessed by the tools given in Table 1, especially by Falkenmark
indicator, WRVI, IWMI’s indicator, and WPI, Pakistan fall in water scarce
countries (Ashraf, 2015). It is threatened by all forms of WS mentioned

above and over 80% of its population suffers now from extreme WS for at

least one month of every year (Magbool, 2022). Table 4 summarizes the

prevailing WS situation in Pakistan.

Table 4: WS situation in Pakistan

Indicator Present situation Remarks/results
Pakistan’s share in global 2.85% Contain big
population population
Pakistan’s share of global 0.5% Limited water
fresh water resources resources
Population having access to  36% Indication of WS
safe drinking water
Waste water treatment 01% Lowest in the
ratio world
Average annual increase in ~ Almost 0.57°C Indication of
temperature during past climate change &
century high water
demands

Future predicted
temperature rise

Above world average

High vulnerability
to climate change

Pakistan’s ranking by global
climate risk index

5% position

Highly vulnerable
to climate change

Population suffering from
WS

80% (High proportion)

Indication of WS

Predicted water shortage 31% Indication of WS

by 2025

Falkenmark’s indicator (FI) Below 1,117 At the verge of WS
m3/capita/year

WTAR/WRVI 82% Indication of WS

World ranking by WTAR

160" position

Poor water
resources

IWMI’S indicator

Facing water shortage

Indication of WS

WPI Less than 1,700 Indication of WS
m3/person/year
IMF’s ranking of Pakistan 3" position Indication of WS

among water scarce
countries
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Climate change is another global phenomenon which is influencing the
water resources of almost every country. It has affected the hydrological
cycle and altered rainfall patterns in terms of timing, severity, quantity and
type (Jian, 2012). Its two big impacts are a fall in water flow of Indus River
System and a rise in water demand for agriculture due to increase in
temperature and evapotranspiration. Pakistan is world’s one of the highly
susceptible countries to climate change as it ranks 5™ according to global
climate risk index (Abbasi, 2022). The effects of climate change are obvious
from increasing temperatures, change in monsoon and winter
precipitation patterns, quickly melting and retreating glaciers, recurrence
of floods and droughts, and declining river flows. WS in Pakistan has been
accompanied by increasing temperatures. A marked warming trend of
almost 0.57°C in annual mean temperature was witnessed in Pakistan in
the previous century, and the future predicted temperature rise is
expected to be more than the world average (Chaudhary, 2017).
Consequently, water demands will increase and water resources will
squeeze further. The most marked impact will be on river flows.
Predictions also indicate a decreasing trend and increasing variability of
the river flows in future (Khan, 2017). The Indus River system, being reliant
on glaciers and snowmelt water supply, and precipitation is very sensitive
to climate change and may be influenced more. If the situation aggravates
further, it will be highly alarming for the country. Inefficient infrastructure
and shortage of storage capacity to stock and distribute water according to
the requirements at different times of the year is one of the big problems
leading to WS in the country. Pakistan is wasting 10 trillion gallons of water
yearly due to the deficiency of water reservoirs (FPCCIl, 2018). Per head
storage of water in the country is much lower compared to other countries
(Table 5).

Table 5: Comparison of Pakistan’s water storage capacity with selected
countries

Country  water storage capacity (m3/capita/year)

Australia Over 5.000

USA Over 5,000

Egypt 2,300

China 2,200

Turkey 1,402

Iran 492

Pakistan 159

Source: Ashraf, 2020.

Pakistan has the ability to store water for only 30 days needs which is far
behind the rest of the world (Qureshi, 2011). When compared to other

244



Understanding Water Scarcity Risks of Pakistan: A Spatio-Temporal View

countries, India can store water for 190 days, over six times greater than
Pakistan despite having needs five to six times higher than ours (Rafique,
2018). Egypt’s Aswan dam on Nile River can store water for 1,000 days,
and China for the needs of years (Table 6). Even the African country
Ethiopia, which has been facing serious famine for years, has secured its
water by constructing a millennium reservoir on the Blue Nile, though
primarily it will be utilized for hydro-electricity production (Wattoo, 2022).

Table 6: Formulation of water policy and capacity to store water

Country Formulation of 1°* water policy Capacity to store water for

Pakistan 2018 (40 years after India) 30 days

India 1978 190 days
USA 1948 amended in 1972 900 days
Egypt 1975 1,000 days
China 1988 Several years

Source: Rafique, 2018 & Qureshi, 2011.

The existing water storage capacity of Pakistan’s three main dams is just
9% of the average yearly inflow compared to the world average of 40%
(Ashraf, 2020). Because of sedimentation, the storage capacity of existing
dams is being lost at a rate of 0.27 BCM per annum. Up to 2010, the water
storages had already lost almost 8.1 BCM of their storage capacity (Igbal et
al., 2012). It means in addition to small dams, there is an immediate need
of 3 to 4 large size dams to store at least 20 maf water (Ashraf, 2020). Up
to 1980s, the country had a relatively plentiful amount of water. However,
it became water stressed in 2000 and now is threatened by WS (FAO,
2021). The COVID-19 crisis has also slowed down the improvements in the
projects of potable water supply systems. Presently, both surface and
ground water resources are extensively exploited. According to FAO
(2021), about 94% of the total annual water obtained from both resources
is used by agriculture, 5.3% by domestic and 0.8% by industrial sector. The
average annual inflow of Indus River System is 146 maf, of which almost
106 maf is diverted into world’s one of the biggest but inefficient canal
irrigation system and leftover is lost to Arabian Sea (GoP, 2013). Pakistan
receives about 50% to 80% of the overall average river flows from snow or
glacial melt and rest from monsoon rains (GoP, 2013; Yu et al., 2013).
About 97% of the river water is consumed by agriculture and remaining 3%
is used by manufacturing and domestic sectors. Out of 106 maf diverted
into irrigation system, over 50% is lost during the diversion and farm
applications before reaching to crop’s root zone (Yu et al., 2013).
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Additionally, over 50 maf ground water is extracted annually by an
estimated number of 1.2 million tube-wells in the country (GoP, 2022).
Due to excessive pumping, Pakistan's groundwater annual extraction rate
has already surpassed the recharge rate of 55 km3/year (Watto, 2018).
Resultantly, groundwater tables are also dropping quickly in various parts
of the country (Ashraf et al.,, 2022). For instance, in more than 50%
irrigated areas of the Punjab, ground water levels have lowered below 6
meters (Qureshi, 2020).

Freshwater availability, )
cubic metres per person and per year, 2007, 4 /
Scaraty
Source: FAO, Nations unies, ’( [ Stress
World Resources Instiute (WRI). ) ¢ (e Vuinerability

| Data non avaiable
0 1000 1700 2500 6000 15000 70000 684000

Figure 3: Fresh water availability (m3/capita/year) and WS status of
Pakistan among the global nations during first decade of the current
century

Source: FAQ, 2021.

Besides, water pollution has become a big threat to the availability of clean
and healthy water for usage in current times (Krishnamurti et al., 2012).
Population expansion and intensification of economic activities are not
only resulting in a decline but also degradation of existing water resources.
Increasing contamination is making water unfit for use and thereby is
resulting in serious environmental and health consequences. The water
quality degradation reduces the amount of usable water resources and
causes WS. Inadequate waste disposal, improper use of agro-chemicals,
and soil depletion are the main factors harming our available fresh water
resources. In Pakistan, about 50% of the over two million tons per year
produced wet human excreta is released in to water sources (GoP, 2016).
The quality of available water in most of the areas is poor which has
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damaged agriculture, livestock and fisheries, especially of the coastal
communities (Abbasi, 2022).

Further, urbanization in Pakistan is also at an accelerated stage and apart
from dropping groundwater levels, many cities are facing the issues of
irregular supply of clean water (Hifza et al., 2021). WPI tells that even
though water is accessible but if it is of inadequate quality, the country is
water scarce. According to Drinking Water Quality Monitoring Program of
PCRWR accomplished from 2002 to 2006 in 24 cities of Pakistan, 80%
samples were found contaminated and unsafe for human use (Ashraf,
2015). At present, Pakistan fall in the category of low access to clean
drinking water as only about 36% of its inhabitants have access to healthy
water (UN, 2021a).

As regards waste water treatment, above 63% of the worldwide produced
water is collected. Out of this collected water, 52% is treated and 48% is
released untreated, and only 11% is reused (Jones et al., 2021). Among
the world countries, Pakistan ranks lowest in waste water treatment ratio,
treating just 1% of the collected water (Wendling et al., 2020).

Above findings reflect that much of the available water is unsustainably
managed, wasted, and polluted. As a result, several areas of the country are
facing water crisis. PCRWR has already warned that if the government did
not take serious steps, the country will run out of water by 2025 (Kundi,
2017). IMF has also ranked Pakistan third among the water scarce
countries (Zang et al., 2020). Due to the prevalence of such kind situation,
Pakistan is seen as one of the world’s highly water intensive countries
(Akbar et al., 2021).

4. DISCUSSION

Undeniably, water is one of the most crucial products for life on the earth
and essential for socio-economic development of the society. However, as
a consequence of population growth and climate change, the water
accessible for any given use is becoming increasingly scarce in many parts
of Pakistan (Table 4). This has caused a big restriction to socio-economic
progress and a menace to livelihood. Since the dawn of 21st century,
policy institutions and politicians have increasingly been speaking about a
threatening water future of Pakistan. World predictions are also indicating
Pakistan as an exceedingly WS vulnerable country with little capability to
cope with water crises. During the previous some decades, Pakistan has
been radically converted from being a water-rich to a water-stressed
country (Figure 2 & 3). Water shortage has influenced almost every aspect
of natural and human environment. Loss of biodiversity, loss of floodplains
and wetlands, increase in salinity, pressure on agriculture and economy,
rise in poverty and hunger, increase in sanitation issues and diseases,
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increase in internal and external tensions, and water distribution issues
among provinces are some of the major outcomes of WS in Pakistan. It
reveals that highly risky factor for Pakistan is its dependence upon single
river system for most of water needs. The Indus River system provides
95.8% of the country’s overall renewable water resources (Young et al.,
2019). The situation is strategically more complex because Pakistan is
lower riparian country to India and most of its water inflows from therein.
The surface water originating from outside of Pakistan accounts for 78% of
the country’s total water resources putting it in a constant danger (FAO,
2021). Domestic arrangements make the situation further alarming as just
two-third of obtainable water is being used and one-third is either lost or
flows to Arabian Sea (GoP, 2019). Such kind of internal and external
situation makes the country more vulnerable to WS. Besides surface
water, country’s aquifers are also seriously overdrawn, primarily to provide
water for irrigation, drinking and industrial use (Ashraf, 2018). The Indus
basin aquifer has been ranked second highest over-strained underground
water reserve in the world (NASA, 2015).

In the global perspective, Pakistan is certainly facing the multifaceted issue
of water shortage. Simply a 10% growth in population will place the
country in constant WS and make it world’s one of ‘water crowed regions’
according to another indicator of Falkenmark (Habib, 2015). Additionally,
due to great economic dependence on water resources and little
investment and deficiency of available management choices to satisfy the
demands, Pakistan suffers from economic WS also (Habib, 2015). In
national perspective, Pakistan is evidently confronting with a widening gap
between demand and supply in all water consuming sectors, reducing
capability to regulate surface flows, great uncertainty resulting from
extreme events, deterioration of groundwater resources, less benefits
from existing water resources, and water pollution. A continuing decline in
manageable water amounts is the foremost governing issue. The formal
data indicates a fall of nearly 10 maf in the amount of water diverted to
the provinces after 1999. Three topmost government organizations, the
ministry of water and power, the planning commission, and the Indus River
System Authority admit a fall of 10 maf in stream inflows and canal
diversions. This results in a deficit of 14 maf in the promised water supply
to the provinces, almost 100 maf provided against 114 maf assured (Habib,
2015). The usual seasonal water disparity is also great in Pakistan. Streams
get about 75% of the water in four summer months and about 25% during
rest of the year, while water demand in summer is 60% and in winter is
40%. Presently, almost 13 maf water is transferred from shorter water
surplus period to the lengthier water stressed period (Habib, 2015). Some
years ago, the Indus River System Authority (IRSA) urged the government
to build large dams for storing 22 maf water on war footing ‘to put an end
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to the misery faced by the country’. However, the matter was politicized
instead of dealing it seriously. IRSA also professes an upsurge in river
losses from 9 maf in the 1980s to 20 maf in the previous decade. This is
indeed, a serious regulatory failure (Habib, 2015). It is a common
perception in our country that India has diverted the waters of our rivers in
its enmity with Pakistan. This is a fact that Indus and all its eastern
tributaries flowing in to our country originate from India, but it is also a
reality that India framed its first water policy in 1978 and China in 1988
(Table 6), while in Pakistan this wonder come about 40 years later from
India in 2018 (Wattoo, 2022). Despite the reality that agriculture is
backbone of our economy, we have been in a situation of dreams for so
long that the world has moved far away from here on the path of
advancement. One of our big challenges is how to achieve the goal of self-
sufficiency in agriculture and how to sustain agricultural output with less
water. In addition, unluckily, Pakistan has not established its trans-border
case for the present conditions of climate change, over withdrawals of
groundwater, upstream aquifer recharge situation, watershed
management, and necessary downstream environmental requirements.
The decisions of Kishan-Ganga and Bagliar dams against Pakistan show our
technical and legal flaws even in the execution of the Indus Water Treaty
(Habib, 2015).

Moreover, the recommendations of international organizations tell that a
country should have the capacity to stock up to 40% of its whole water
received from rainfall or snow, whereas in Pakistan this capability has not
touched 10% mark so far (Table 7). In such a situation, how we will be able
to cope our requirements in the times of water shortage? We get over 80%
of our water in three monsoon months and less than 20% during the
remaining nine months of the year. Our governments have made no
significant efforts in the last several decades to enhance storage capacity
for saving fresh water. The proposal of Kala Bagh reservoir has more or
less been shelved because of the mutual distrust between provinces. The
work on Mohmand and Bhasha dams is also still in initial stage (Wattoo,
2022). On the other side, every year almost half of the water stored in
dams is wasted ruthlessly. Over 90% of our total water consumption is
taken by agriculture sector (Qureshi and Ashraf, 2019). According to some
other studies, about 97% of Pakistan’s fresh water is consumed by this
sector (Rizvi, 2022; Salman, 2021). Out of this, nearly 50% of the water is
wasted before reaching to the crops because of inefficient irrigation
system (Table 7). In fact, we are struggling to achieve the targets with an
old irrigation system in the era when the world has shifted to the high
efficiency irrigation system. Even smart agriculture and micro-irrigation has
now reached the peak wherein the discrete requirements of every plant
are digitally dripped in a calculable manner (Wattoo, 2022).
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Table 7: Present status of the selected water management parameters in
Pakistan

Parameters Existing
situation
Capacity to store volume of water received from rain and Less than
snow* 10%

Proportion of water Pakistan receives from rain during the 80%
three months of monsoon season

Wastage of water stored in dams 50%

Proportion of total water needs used for agriculture 90%

Wastage of water supplied for agriculture during Almost 50%
distribution given at Sr. No. 4

*Guidelines of international organizations tell that a
country must have the capability to stock up to 40% of the
whole amount of water received from rain & snow.
Information source, Zafar Igbal Wattoo (2022).

Apart from this, ground water consumption has also increased several
times over the last 70 years or so. Nearly 94% of the total groundwater
extraction is consumed by agriculture sector (UNESCO, 2022; Margat &
Van der Gun, 2013). We are not only wasting our stored surface water but
also mistreating ground water. Resultantly, levels of groundwater in the
country are dropping sharply. The condition is even more alarming in
urban areas. Quetta is struggling for its survival and experts opine that
mass-migration of people may instigate from this city in near future.
Almost alike situation is found in Karachi. The cities of Rawalpindi-
Islamabad, Lahore and Peshawar are rapidly moving towards this situation.
In the walled city of Lahore, groundwater level has dropped to over 500
feet. According to the author’s personal observation, in 1990, ground
water in the city of Bahawalpur, which is situated on the eastern bank of
Sutlej River and where agricultural land is predominantly irrigated by canal
water, was obtainable from the depth of 40 to 50 feet which has now
dropped to over 100 feet. The citizens who curse the governments at every
occasion, are also equally responsible for this wrongdoing. Unlawful usage
of water in factories and discharge of polluted water in streams and
sewerage systems without any treatment is a malicious act that has led to
several health issues. For instance, due to such acts the ground water
resources of Sialkot and Kasur have been deteriorated to hazardous level.
Summarily, our economy cannot cope with the growing needs of
population without fulfilling the water requirements of its pivotal sectors
like agriculture. It is thus crucial time to take some practical measures.
Indeed, managing WS is a complex and tough work because factors
responsible for the issue are intricate and greatly differ temporally and
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spatially across the regions. That is why a series of context-specific
measures is required to be taken to effectively address the issue. Water
management should be implemented at homes, factories, offices and at all
other places where it is consumed. To make all this fruitful, water
governance should be improved which involves several interventions. An
integrated approach consisting of the use of technology, capital, effective
policies, capacity building, partnerships, monitoring, data, and
accountability can be rewarding. New water resources are required to be
identified applying different techniques and technologies including field
studies and geophysical and remote sensing surveys. Efficiency of existing
water resources also requires to be enhanced by upgrading the water
distribution networks and treatment systems to control water seepage and
pollution. Groundwater resources need to be protected by encouraging
water storage through small scale retention structures, managing aquifer
recharge, rainwater harvesting, storing rainwater in urban areas and
recycling of wastewater. All the used blue water should be recycled for
reuse in agriculture. The concerned departments need to build facilities at
all levels and in all regions to store water. People also need to be educated
to change their behaviors about water consumption. This can be done by
promoting an understanding of the worth of water and the significance of
its protection among people at community and school level. All the
stakeholders are required to understand water needs at national level and
they must ensure that this should be reflected in national planning
considerations (UNICEF, 2022).

5. CONCLUSION

Recent study on WS risks of Pakistan has provided an understanding of the
issue. Findings suggest that WS is a reality in Pakistan. It has evidently
come out that country’s water needs are increasing while per capita water
availability is continuously decreasing over time. Several interlinked
natural and anthropogenic factors are responsible for the situation.
However, most of these factors are related to management issues which
can be solved by adopting both hard and soft paths. Hard path includes
population size control, building of new reservoirs, formulating and
implementing groundwater regulatory principles and soft path includes
improvement of land and water productivities, and encouragement of arid
lands farming and climate resilient agriculture. All this needs a paradigm
change and stakeholders commitment right from policy makers to water
users. In future, population growth and climate change may further
upsurge water demands and instabilities in provision. The incidence of
extreme events is likely to rise. The severity and nature of water concerns
will differ to a great extent within the country. It is, therefore, necessary
for Pakistan to learn about WS management, which needs all-inclusive,

251



Khan & Khan, 2022. Pakistan Geographical Review, Vol.72 (2), 234-260.

well assessed and out-of the-box solutions in all water consumer sectors.
In this regard, collaborative efforts and the continuation of scientific
studies to further develop and improve knowledge are vital. At the outset,
it is deeply required that the government and all other stakeholders take
political ownership of the challenge. It is also earnestly needed to save the
water by promoting the efficient use of existing water resources in all
sectors. Being leading water user, agriculture sector provides big
opportunities for saving water. Saving only a fraction might considerably
reduce water stress on other sectors. Pakistan can generate about 83 maf
of more water through an effective water management strategy and by
constructing more reservoirs. Application of sustainable water
management techniques and cultivation of crops that require less water
can be promoted in arid areas. Water savings in other sectors such as
industries, power production units, and household usage should also be
encouraged. The implementation of the recommendations of researchers
and concerned departments may facilitate Pakistan to cope with the
challenges and achieve the goals of unified, effective, environmentally and
economically sustainable development and management of limited water
resources. Not least of all, let us first make ourselves accountable for each
drop of water used on ourselves.
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