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“The water issue is critically related to climate change. People say that 

carbon is the currency of climate change. Water is the teeth.” Jim Yong Kim, 

Former President, World Bank 

 

1.  INTRODUCTION 

Water is the prime channel through which the impacts of climate change on the 

world’s ecosystems and livelihoods will be felt. Pakistan is already a water-stressed 

country, ranking 14 among the 17 ‘extremely high water risk’ countries.1 Climate change 

in the form of rising temperatures and extreme and less predictable weather patterns are 

projected to affect patterns of rainfall, snowmelt, river flows, groundwater and water 

quality in Pakistan. This can lead to an increase in both inter- and intra-country disputes 

over water sharing arrangements. 

Over the last two decades, Pakistan has been ranked among the top 10 most 

vulnerable countries of the world to climate change, with 10,000 fatalities due to climate-

related disasters and financial losses amounting to about $4 billion from 173 extreme 

weather events.2 The country is already facing climate-related threats to water resources as 

is evident from the change in monsoon patterns, receding glaciers, rising temperatures and 

recurrence of floods and droughts. The floods of 2010, 2011 and 2012 not only incurred 

human cost but also economic costs, resulting in economic growth on average at a rate 

of 2.9 percent instead of its potential rate of 6.5 percent.3 Prolonged droughts in 

Tharparkar in Sindh and Balochistan also caused loss to human life and livelihoods.  

Since mid of June 2022, Pakistan has been affected by worst floods caused by record 

monsoon rains and melting glaciers, costing the economy over US$30 billion. Over 33 

million people have been affected out of total population of 222 million, and around 1,400 

people have been killed. One-third of the country is under water, with over 80 districts (out 

of 160 districts) in the country having been officially notified as ‘calamity hit’ – 31 in 

Balochistan, 23 in Sindh, 17 in KP, 06 in GB and 03 in Punjab.4 The paper aims to address 

the impact of climate change on water systems and people. 
 

Nazam Maqbool <nazammaqbool@pide.org.pk> is Social Scientist/Manager, RASTA Competitive 

Grants Programme for Policy-Oriented Research, PIDE Islamabad. 
1WRI 2022. 
2Eckstein et al. 2021. 
3Saeed 2013. 
4WFP, Pakisan 2022. 
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2.  MAIN SOURCES OF WATER IN PAKISTAN 

With 2.8 percent of the global population, Pakistan accounts for 0.5 percent of global 

renewable water resources.5 In other words, with the fifth largest population in the world, 

Pakistan ranked 36 out of 184 countries in total renewable water resources compared to 

India’s rank at 8th and Bangladesh’s at 12th in 2017.6 

Pakistan is a ‘water scarce’ country with a per capita water availability of less than 

1,000 cubic metres. In 1951, Pakistan had an abundance of water with 5,260 cubic metres 

per capita, however, the country became ‘water vulnerable’ in 1981 with less than 2,500 

cubic metres of water availability per capita to ‘water stress’ in 1991 with less than 1,700 

cubic metres of water (see figure 1). By 2025, Pakistan could face droughts as its per capita 

water availability is going to become ‘absolutely scarce’ with less than 500 cubic metres.7 

Indus Basin accounts for 96 percent of total available freshwater resources in 

Pakistan and around 80 percent of the country’s freshwater originates from outside the 

country, making it extremely risky and vulnerable (see Table 1).8 Glacier melt, snow melt 

and rainfall runoff account for 10 percent, 55 percent and 35 percent of total water in the 

upper Indus respectively. Over 85 percent of total water in the Indus originates from the 

Upper Indus and is shared between Pakistan (53 percent of the total area of Indus), India 

(33.5 percent), China (6.7 percent) and Afghanistan (6.3 percent).9 Stream flow in the upper 

Indus basin is highly seasonal: approximately 80 percent of the volume of annual stream 

flow in the tributaries of the upper Indus basin occurs during the summer months of mid-

June to mid-September.10  

 

Fig. 1.  Per capita Water Availability in Pakistan, 1951-2025 

 
Source: GOP 2017.  

 
5FAO, 2022. 
6FAO, 2022. 
7Roberts, 2017. 
8Young, et al. 2019. 
9Biemans, et al. 2019. 
10Mani, 2021. 
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Table 1 

Water Resources in Pakistan vis-à-vis South Asia, 2018 

  Pakistan India Bangladesh Afghanistan Nepal Sri Lanka China 

Long-term average annual 

precipitation in depth (mm/year) 494 1,083 2,666 327 1,500 1,712 645 

Total internal renewable water 
resources (IRWR) (10^9 m3/yr) 55 1,446 105 47 198 53 2,813 

Total external renewable water 

resources (10^9 m3/yr) 192 465 1,122 18 12 0 27 
Groundwater as a percentage of total 

renewable water resources 19% 19% 2% 16% 9% 13% … 

Total renewable water resources 
(10^9 m3/yr) 247 1,911 1,227 65 210 53 2,840 

Total renewable water resources per 

capita (m3/inhab/yr) 1,163 1,413 7,604 1,758 7,482 2,487 1,946 

Source: FAO, 2022. 

 

Pakistan ranks 160th in the ratio of water withdrawals to water resources (in 2017), 

performing better than 18 countries only.11 Agriculture is the largest water consumer, 

followed by households and industry (see Figure). More worrying is that Pakistan’s 

groundwater supplies, the last resort of water security, are also being rapidly depleting. 

NASA’s satellite data (released in 2015) of global underground water aquifers reveals that 

the underwater aquifer in the Indus Basin, whose rivers and tributaries constitute Pakistan’s 

key water resource, is the second-most stressed in the world.12 Demand for water is on the 

rise, projected to reach 274 million acre-feet (MAF) by 2025 mainly due to increasing 

population, expanding cities and rising incomes, while supply is expected to remain 

stagnant at 193 MAF (143 MAF from river inflows plus 50 MAF from groundwater), 

resulting in a demand-supply gap of approximately 81 MAF.13 

 

Fig. 2.  Pakistan’s Water Sector Overview 

 
Sources: PIDE Staff computations, FAO, 2022 and LEAD, Pakistan, 2016. 
 

11 WRI, 2022. 
12 NASA, Global Climate Change. 2015. 
13 IMF, 2015. 
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3.  IMPACT OF CLIMATE CHANGE ON WATER CYCLE 

Climate change is not the sole factor for water crisis in Pakistan, however, it further 

exacerbates existing conditions, making the management of water availability and quality 

more difficult, and demanding new strategies for managing water resource.  

Climate change manifests itself primarily through changes in water cycle – the 

delicate balance between evaporation and precipitation. As climate changes, it alters the 

water cycle through an increase in temperature and increased evaporative demand, changes 

in the amount of rainfall and monsoon patterns, rapid melting of Himalayan glaciers, a rise 

in sea level, and variations in river runoff and groundwater recharge with severe 

consequences (see Figure 3).  

 

Fig. 3.  Climate Change Effects on the Water Cycle 

 
Source: FAO 2017. 

 

3.1.  Melting of Glaciers 

As mentioned above, about two-thirds of the flow to the Indus River is ensured by 

the glacial and snowmelt in the upper Indus basin. With Himalayan glaciers having lost 

more mass since 2000 than in the entire 20th Century, the water scarcity in the country is 

projected to worsen with climate change. The Indus Basin, with an expected GDP loss of 

US$ 5,000 billion by 2100, is among the world’s five basins where water scarcity-led GDP 

losses are projected to be the highest.14 

The Northern areas of the country are home to over 7,000 glaciers. An increasing 

temperature can cause faster melting of glaciers, resulting in glacial lake outburst floods. 

Over 3,000 glacial lakes have formed in Gilgit-Baltistan (GB) and Khyber Pakhtunkhwa 

(KP), with 33 glacial of them identified as being vulnerable to dangerous glacial lake 

outburst floods (GLOF). Around 7 million people in GB and KP are exposed to the risk of 

glacial lake-outburst floods, which typically occur in July and August, the warmest 

months.15 The record-high temperature during April in the country has resulted in the 

melting of glaciers faster than normal; a key highway bridge in the Gilgit-Baltistan region 

has been swept away in flash flooding caused by glacier melt. In Pakistan, river flows are 
 

14 ANI, 2022. 
15 Abubakar, 2020. 
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expected to increase during the first 50 years and decrease by 30-40 percent during the next 

50 years. The Indus River could likely become a seasonal river in soon.  

 

3.2.  Rising Temperature and Erratic Precipitation 

Climate change will change the temperature and increase the variability in the 

magnitude and timing of rainfall especially during the monsoon season, resulting in lesser 

water storage and increased water stress. 

The average annual mean temperature in Pakistan increased by 0.74°C between 

1961 and 2018.16 The future projected annual temperature rise in Pakistan is significantly 

higher than in the world. The IPCC projects a global average temperature increase of 3.7°C 

(between 1986–2005 and 2081–2100) under the highest emissions pathway (RCP8.5) 

compared to of 5.3°C increase for Pakistan in the same scenario. The difference in the 

average estimate under RCP2.6 and RCP8.5 is over 3.0°C, reflecting the huge potential 

benefits of enhanced global emissions reductions (Figure 4). 

 

Fig. 4.  Annual Project Mean Temperature Trends in Pakistan, 1995-2100 

 
Sources: PIDE Staff computations and World Bank 2022. 

 

In Pakistan, both increasing and decreasing trends in rainfall have been observed over 

the last century. In the future, the annual mean precipitation is projected to increase in Pakistan 

under all emission scenarios (low to high) (see Figure 5). The country has observed a shift in 

the summer monsoon trend that has shifted from north-east to north-west by a range of 80-100 

kilometres, making an additional 25 districts of KPK and Punjab vulnerable. 

 

Fig. 5.  Annual Mean Precipitation Trends in Pakistan, 1995-2100 

 
Sources: PIDE Staff computations and World Bank, 2022. 

 
16 Sathar and Khan, 2019. 
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3.3.  Extreme Weather Events (Floods and Droughts) 

Climate change is already making extreme weather events such as droughts and 

floods more intense and more frequent, and will continue to do so in the future, negatively 

affecting water resources and water security.   

In 2010, the country experienced one of the worst cases of flooding in its history as 

a result of exceptionally heavy monsoon rains. The event caused some 2,000 casualties and 

affected more than 20 million people. Other years in which the country faced severe 

flooding include (in decreasing order of severity) 2015, 1983, 2011, 1976, 1997, 1994, and 

1992.17 In Punjab, 48 million of Punjab’s 120 million people live in high-risk flood zones, 

corresponding to 38 percent of the province’s total population.18 

Similarly, Pakistan has experienced three major dry periods over the last 58 

years, including 1962–66, 1968–72, and 1999–2002. At the national level, 2018 was 

the eighth driest year in Pakistan since 1961; the annual average rainfall was 207.2 

mm, 34 percent below the normal (1981–2010) annual average value of 312.2 mm.19 

This was also the fifth consecutive year in which dry conditions prevailed in the 

southwest of the country (Balochistan province), with rainfall less than 62 percent of 

the normal amount. 

The frequency and intensity of droughts have also increased in Pakistan due to rising 

temperatures, resulting in a decrease in water tables. Drought frequency is increasing in 

already arid and semi-arid areas.20 

In future, the intensity of floods and droughts will increase, with a negative impact 

on water resources. According to the World Resource Institute, between 2010 and 2030, 

the number of people exposed to riverine flood risk in Pakistan is expected to increase from 

1.9 million to 5.2 million, GDP loss to increase from $4.6b to $22b and the amount of 

urban property damaged by riverine floods is expected to increase from $1.6 billion to $9.3 

billion by 2030.21 The probability of meteorological drought is projected to increase under 

all emissions pathways, and with very strong increases.  

 

3.4.  Sea Level Rise 

The global sea level is rising at an increasing rate with a similar trend in 

Pakistan, partly due to massive loss from glaciers and ice melt. The country is 

vulnerable due to its long and densely populated coastal areas, especially Karachi, 

facing the threat of inundation, and the threat of saltwater intrusion for  its agricultural 

plains and freshwater resources. The average temperature in Pakistan has increased by 

0.60C between 1901-2000, and the annual rise in sea level is estimated at 1.1 mm.22 

The seawater intrusion has already reduced Sindh’s farmland significantly. Figure 6 

shows a projected increase in the sea level in the range of 0.3 to 0.8 metres under all 

emission scenarios (low to high) in coastal areas of Pakistan during the 21st Century 

(Figure 6). 

 
17 Sathar and Khan, 2019. 
18 Rentschler, et al. 2022. 
19 Sathar and Khan, 2019. 
20 Ahmed, et al. 2018. 
21 WRI, 2020. 
22 GOP, 2015. 
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Fig. 6.  Projected Sea Level Rise of Coastal Pakistan, 2008-2098 

 
Sources: PIDE Staff computations and World Bank, 2022. 

 

4.  THE IMPACT OF CLIMATE CHANGE ON WATER:  

IMPLICATIONS FOR PEOPLE 

 

4.1.  Implications for Agriculture and Food Security 

Climate change affects the country’s agriculture and food security through increased 

temperature (resulting in an increase in crop water requirements) and changing water 

availability. In Pakistan, the 2010 floods destroyed 2.1 million hectares of farmland, decreasing 

food production and increasing wheat prices 50 percent higher than the pre-flood prices.23 The 

impact will be higher on the urban poor who will pay more for food. Furthermore, global 

warming will increase net crop water requirements, putting stress on already scarce water 

resources, which will further be exacerbated by climate change. According to a study, in 

Pakistan, a 6 percent decline in rainfall will increase net irrigation water requirement by 29 

percent.24 According to the Global Change Impact Study Centre’s (GCISC) projections, wheat 

crop yield will be reduced by 3.4 to 12.5 percent in semi-arid irrigated areas including 

Faisalabad and Sheikhupura, and 3.8 to 14.5 percent in arid areas including Hyderabad, Badin, 

Bahawalpur and Multan towards the end of the current century. Additionally, rice crop yields 

are likely to register a fall of 12 to 22 percent in almost all rice-growing areas of the country by 

the end of this century because of the rising global temperatures.25 

 

4.2.  Implications for Human Displacement 

Climate-induced human migration is already happening in Pakistan due to rising sea 

levels, floods, droughts and glacial melt. 

Low-lying coastal cities in Pakistan could be affected by coastal impacts of climate 

variability which can result in massive displacement of the population. In Pakistan, a rising 

number of people have fled the country’s coastal region in recent years to escape rising 

sea levels and saltwater contamination. The coastal belt of Pakistan, especially in Thatta 

and Badin, has seen more than 40,000 people migrating to Karachi due to extreme events 

like the cyclones of 1999 and 2005, seawater intrusion which has rendered up to 1.2 million 

 
23 Cheema, et al. 2015. 
24 Spijkers, 2012. 
25 APP, 2017. 
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acres of land infertile, and water shortages since the 1970s.26 Entire communities from 

Badin, Sajiwal and Thatta districts have migrated to Karachi permanently after the 

cyclones and floods of 2010 and 2011.27  

A similar trend is evident in the case of floods. For instance, in the 2010 floods, 14 

million people were temporarily relocated while 200,000 took shelter in aid camps. Moreover, 

heatwave and hot weather are expected to have much larger impacts than the cold weather in 

Pakistan. According to a study, between 1991 and 2012, flooding had modest to insignificant 

impacts, while heat stress increased the long-term migration of men to look for work elsewhere, 

mainly because it reduced income from farming and other sources. High temperatures affect 

people’s livelihoods by harming farm yield thus; when heat stress caused wheat to mature early 

in Pakistan in 2010, yields dropped by 13 percent.28 

In Pakistan, a study has found a strong correlation between extreme high 

temperatures in the summer and human migration.29 Climate shocks impact ecological 

conditions in rural areas that trigger shifts in farm productivity, thus eroding the incomes 

of poor and marginalized cultivators. Rural households may take migratory decisions to 

escape the losses in rural incomes that may be aggravated by climatic stress. It has been 

projected that such changes are likely to be magnified by 2030 in the arid and semi-arid 

areas of Pakistan that are important in terms of wheat production and are home to a majority 

of the country’s rural population. Given the sensitivity of the wheat crop to heat stress, it 

is anticipated that a decline in wheat production will affect the rural poor and marginalized 

households across Pakistan.30 

 

4.3.  Implications for Health 

Water-borne diseases (diarrhoea, cholera, malaria and dengue fever), deaths and 

injuries due to disasters and malnutrition may be the most devastating consequences. In 

Pakistan, the incidence of infectious disease and diarrhoea increased after the 2010 

floods.31 The World Health Organization (WHO) projects that, under a high emissions 

scenario (RCP8.5), 46 million people in Pakistan will be at risk of contracting malaria by 

2070. However, under a significant reduction in global emissions (RCP2.6), this number 

is projected to be around 12 million by 2070. Similarly, diarrhoeal-related deaths in 

Pakistan are projected to decrease significantly by 2050, but, under a high emissions 

scenario, the proportion of those attributable to climate change is expected to rise from 

11.7 percent in 2030 to 17 percent by 2050.32 
 

5.  CLIMATE CHANGE PLANS, INITIATIVES AND  

POLICIES IN PAKISTAN 

The Government of Pakistan has ratified all the major global conventions on climate 

change with the aim of climate change mitigation and adaptation. The country ratified the 

‘1992 United Nations Framework Convention on Climate Change (UNFCCC)’ in 1994, 
 

26 Sattar, 2013. 
27 Oxfam, Pakistan, 2019. 
28 Rowling, 2014. 
29 Mueller, et al. 2014. 
30Saeed, et al. 2015. 
31Hallegatte, et al. 2016. 
32WHO, 2015.  
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the ‘1997 Kyoto Protocol to the UNFCCC’ in 2005, the ‘2015 Paris Climate Agreement to 

the UNFCCC’ in 2016, the ‘1985 Vienna Convention for the Protection of the Ozone 

Layer’ in 1992, and the ‘1987 Montreal Protocol on Substances that deplete the Ozone 

Layer’ in 1992.  

The country developed both the National Policy on Climate Change and the National 

Disaster Risk Reduction Policy in 2012 to ensure that climate change is mainstreamed in 

the economically and socially vulnerable sectors of the country. This was followed by a 

Framework for Implementation of the Climate Change Policy (2014-2030) in 2013 which 

listed priority, short-term, medium-term and long-term adaptation and mitigation actions 

required to be taken in various sectors. However, the climate change policy and its 

implementation framework need to be reviewed based on the Paris Climate Agreement and 

the SDGs framework. 

The existing water sector initiatives include National Water Policy 2018 and the 

Indus Water Treaty. The National Water Policy 2018 does talk about climate change, 

however, does not mention any guidelines to offset the effects of climate change. The Indus 

Water Treaty is the only treaty that governs water sharing in the Indus Basin. However, it 

does not address the effects of climate change on water availability. Article VII of the 

Treaty does provide a clause for ‘future cooperation’. There is a need to strengthen the role 

of institutions like the Permanent Indus Water Commission to work on the resolution of 

issues such as monitoring water quality, the impact of climate change and better watershed 

management. 

In 2017, Pakistan approved the Climate Change Act, which brought it among the 

small group of countries with climate change legislation building on the commitment made 

in Paris in 2015. The Act suggested the formation of three institutions: the establishment 

of the high-level Pakistan Climate Change Council, the full-fledged Pakistan Climate 

Change Authority, and the Pakistan Climate Change Fund. The establishment of these 

institutions is instrumental to the implementation of the Climate Change Policy, in 

fulfilling the country’s international climate change (mitigation) commitments, and in 

building the country’s resilience capacity to adapt to climate change. Effective 

implementation of all these initiatives requires strong linkages between the federal Ministry 

of Climate Change and the related ministries of food security, energy, finance, planning, 

industry, housing, maritime affairs and water which have not been fully institutionalized 

yet. Moreover, after the initiation of all the policy initiatives, the delivery of outcomes in 

the policy documents depends on the efficiency of provinces and their commitment to the 

subjects of environment and forestry, which have been devolved after the 18th Amendment 

to the Constitution. However, the capacity of the provinces remains limited to address these 

new responsibilities. 

 
6.  CONCLUSION AND THE WAY FORWARD 

Pakistan needs to take a series of measures to address the issue. 

 
6.1.  Increasing Water Supply through Recycling and Desalination 

The policy-makers need to rethink water policy by urging the recycling of 

wastewater as is done in Israel and Singapore based on the principle of private sector 
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participation and optimal pricing of water. This needs to be coupled with increased 

investment in cost-effective brackish groundwater and seawater desalinization to improve 

water supply. 

 

6.2.  Expand Both Local Level Surface and Groundwater Storage Capacity 

We need to increase effort and investment in local water systems in both cities and 

rural areas to store and use rainwater to build local resilience against drought. Also, there 

is a need to increase efforts for groundwater recharge, local level surface-water storage, 

and rehabilitation of dams to regain storage capacity. 

 

6.3.  Reduce Demand for Water by Improving Water Use Efficiency and  

Efficient Groundwater Management 

Need to set efficiency standards for domestic and industrial water use in both rural 

and urban areas. Also, there is a need to support conservation and water efficiency practices 

in the farm sector. This should be supplemented by sustainable groundwater management 

for all uses. Redesigning urban bylaws to allow vertical construction and discouraging 

urban sprawl will help protect forestry, green areas and soil. This will help in the recharge 

of groundwater. 

 

6.4.  Reforms and Governance 

There is a need to fill the vacuum between policies, reforms and their 

implementation by devising a detailed implementation plan. The government needs to 

institute a major paradigm shift that promotes the more judicious use of water. This will 

include water infrastructure maintenance, water conservation technologies and awareness-

raising. There is also a need to resolve the disconnect between provincial (water, food and 

agriculture, and environment) and federal (climate changes) issues through better 

coordination. 

 
6.5.  Regional Cooperation 

A region-wide institution for shared water resources should have mechanisms and 

processes for: the exchange of data and information; help to forge more robust water 

sharing treaties, especially concerning hydrological variability and climate change; and be 

able to address the issue of pollution and promote better flood management. This will help 

South Asia in holistic river basin management, making water from a source of 

conflict into a source of cooperation. A regional-level green fund along with a shared pool 

of resources for best practices for green growth as well as successful practices for 

community-based disaster risk reduction and social safety nets can also benefit all. 

Similarly, common adaptation strategies may be adopted keeping in view shared eco-

systems such as glaciers, rivers, mountains and rains as well as the common interest of 

countries and prevention of conflict. This could also involve conducting joint studies on 

the extent of glacial melt, creating joint mitigation and adaptation techniques and watershed 

management, sharing information and improving flood-forecasting systems. A regional-

level climate change mitigation strategy may include ways to unlock regional renewable 

energy potential. 
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