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Executive summary 
 
Pakistan is one of the countries that is most affected by the vagaries of climate change 
(Maplecroft, 20151 and German Watch 20152). It has experienced unprecedented rises in 
temperature over the past decade, in line with trends elsewhere in the world, and high 
variability in precipitation resulting in super floods in 2010 followed by devastating floods in 
2011, 2014 and 2015. Pakistan understands the meaning of climate change first-hand. The 
more recent June 2015 heat wave in Karachi, Pakistan, is a stark reminder of how the Inter-
Governmental Panel on Climate Change’s (IPCC’s) predictions of heat and drought are being 
realised in Pakistan. 
 
Water demand is a subject that has not been sufficiently studied in Pakistan. While 
numerous studies of water supply exist, and even studies of the impacts of climate change 
on future flows of the eastern and western rivers in Pakistan, the demand side has been 
neglected.  Water resources and glacier melt are recent subjects of inquiry, with ongoing 
research taking place to better understand future climate change impacts on Pakistan’s 
Himalayan and Karakorum mountains. Water demand focused studies assess the current and 

future water demands of various economic sectors. As the future economic foundation in 
Pakistan develops, leading to growth in economic activities and to a resulting growth in 
population, exasperated by Climate Change, this may pose a threat to the region, partly 
because of reduced supplies and increased demand by some sectors. The development of 
sounder water management strategies may become a future necessity. Developing future 
water demand patterns and predictions of availability for the provincial basins.  
Much of this research points to rising temperatures, by as high as 7 degrees by the end of 
the century in the upper reaches. At this temperature snow cover may disappear very 
rapidly. Pakistan is poised for a water challenge, especially in the Indus basin.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                      
1 https://maplecroft.com/themes/cc/ 
2 https://germanwatch.org/en/download/10333.pdf 

The main conclusions of this report are 
 Pakistan will be hard pressed for water resources as water demand by user sectors (e.g. agriculture, domestic use, 

industry, environment, environment and social development); 

 Economic and social pressures and will force shift of water allocation from agriculture to other competing uses.  

 Conflicts are to be expected.  

 Climate change will further speed up this pressure and will force higher water use in each sector just to sustain 
existing systems.  

 The gap between demand and supply will continue to widen and will require medium- to short-term investment to 
bridge the gap.  

 Shortages that currently only occur in some seasons will most likely become a norm.  

 Pakistan will face both spatial and time-related water shortages and surges in demand as temperatures rise both 
expectedly and unexpectedly.  

 Climate change will be a game changer, requiring higher water than would have been planned for in its absence. In 
particular, heat-related stresses in agriculture and domestic use will require more water that would normally be 
used, with overall increases in demand and seasonal shifts in high–low water requirements expected.  

 Shift to high value water use will have potential political and social consequences. 
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Water demand, on the other side, is directly related to population growth. In all sectors 
analysed water demand will rise because the population is increasing, whether under low, 
medium and high scenarios. Add to this the climate change impacts predicted by the two 
IPCC assessment reports – the Fourth Assessment Report (AR4) and the more recent Fifth 
Assessment Report (AR5) – with their projections of CO2 emissions, the picture of demand 
that emerges suggests a rapid rise, with all sectors requiring more water. When it comes to 
distributing, trading surface water from the agricultural sector to other sectors are highly 
likely. This may be the only way forward, in addition to improving agriculture irrigation 
efficiency and utilising modern water conservation technologies, as well as resorting to rain 
water harvesting and enhancing surface storage. Without the latter intervention there is 
little opportunity for macro demand management to deliver water when it is required, in 
the quantities required and for transferring water from abundant monsoon prone summer 
months to the winter months that receive less than 20% of annual rainfall.  The approach 
taken in this study of the impacts of climate change on sectoral water demand in Pakistan 
revolves around a survey of the literature on water demand relevant to Pakistan, with an 
analysis of different water uses, water balance, traditional and emerging demands, and the 
impacts of climate change on demand by 2025 and 2050. We also estimate demand for all 
sectors using the best available data. We further review the climate projections produced by 
the existing models to select the best fit for current climate change scenarios, going beyond 
the traditional 17 general circulation model (GCM) ensemble employed by IPCC. 
 

To supplement the secondary sources of information we held stakeholder meetings in all 
the four provinces of Pakistan to seek input from a wide array of stakeholders to ensure that 
a balanced provincial viewpoint was incorporated into this study. The stakeholder meetings 
have helped in providing a realistic assessment of demand and in identifying gaps that need 
to be incorporated into future assessments. 
 

Other important stakeholders were consulted at the federal level, including the Ministry of 
Climate Change, the Pakistan Meteorological Department, the Planning Commission of 
Pakistan, IRSA, the Irrigation Departments and the Water Resources Institute etc.  
 

The report:  

 Summarises current water demand from different sectors; 

 Provides an overview of the latest climate projections for Pakistan and their 
implications for water availability in the future;  

 Develops two scenarios for water demand and availability up to 2050 that can be 
used to describe and analyse future water demand by different sectors, and the 
likelihood of meeting this demand; and, 

 Incorporates the results of this scenario analysis into policy analysis and 
recommendations.  

Findings   
The review of the literature, stakeholder consultations, and our own analysis and 
projections allow us to draw some preliminary conclusions, in line with the terms of 
reference (TOR) of the study: 
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 Demand can be summarised into three main sectors and two additional sectors. The 
traditional trichotomy has been water use in agriculture, domestic use (drinking 
water and sanitation) and industry3. In the case of Pakistan water use in the form of 
environmental flows (it describes the quantity, timing, and quality of water 
flows required to sustain freshwater and estuarine ecosystems) and social 
development are additional categories. While no comparison regarding the latter 
two categories is possible, as data are not collected and the literature does not 
provide such bifurcation, these are emerging sectors where special allocations 
should be recognised. 

 Water demand is closely related to population growth, which is on a steady upwards 
trend. The projected population for 2050 is 318 million under a normal growth 
scenario and 390 under a high population growth scenario. 

 The present share of water used in agriculture (the most dominant sector) is 111.21 
million acre-feet (MAF) and is around 88% of total water use. This share is likely to 
decline as water availability is reduced due to climate change. Based on current 
temperature and precipitation projections Pakistan will face water shortages and 
increased demand for water to grow crops and to sustain its agriculture. The 
projected demand for agriculture water in 2025 is 119.85 MAF and that in 2050 is 
135.76 MAF. The gap between present water availability and future availability has 
clear implications for agriculture in terms of cropping patterns, rotations and 
cropping under present day flood irrigation may no longer be possible. Even with 
marked investment in irrigation efficiency improvement and water conservation 
technologies continuing with the present form of agriculture will be difficult. 

 Domestic drinking water demand will increase from the current 7.56 MAF to 10.37 
MAF by 2025 and 32.49 MAF by 2050. This extra water allocation will most likely be 
substituted from agriculture water, which will have to give higher priority to water 
for drinking and civic requirements.  While a water policy is currently being 
developed, and is likely to emerge by the end of 2016, how it accords priority 
between shifting demands remains to be seen.  

 Water for industry in the present study has been assumed as growing at a rather 
constant rate, despite the fact that the industrial sector is being held up primarily 
due to a lack of energy and widespread load shedding. Given the present investment 
in the energy sector and the desire of the government to ensure the provision of 
electricity un-interrupted from multiple sources Pakistan is poised to rejuvenate its 
industrial sector. This will have a direct impact on the demand for water, especially 
for underground water. While demand will increase in the existing industrial mega 
cities (e.g. Karachi, Lahore, Faisalabad, Gujranwala, and Sialkot) it will also impact 
the planned industrial zones where new units are being programmed for the next 
two decades. As the electricity situation improves, much of the industry that has 
now shifted to Bangladesh and South Africa could come back. The water required for 
these industries will put extensive pressure on ground water abstraction and will 
compete with other civic use. Much of the water pollution generated by these 
industries will also impact the Indus River systems, where traditionally most of the 
effluence is dumped and which also carries the agricultural load (pesticides, 
insecticides, herbicides).  Based on a review of various growth estimates and 

                                                      
3 Even the urban infrastructure and business uses are not quantified and included in assessments. 
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investment plans of the government under its 2030 vision we estimate industrial 
water requirements in 2025 to be in the tune of 3.28 MAF, rising to 6.82 MAF in 
2050. When combined with the effects of the China–Pakistan Economic Corridor 
(CPEC), this rise would be even higher. 

 While Pakistan, in its 1991 Water Apportionment accord, committed to carry out a 
study to provide environmental flow in the river system and a later study 
recommended 5000 cusecs flows downstream of Kotri, this allocation has been 
loosely adhered to by the provinces. In fact there is continuing conflict regarding this 
allocation. A World Bank-supported study sought provincial viewpoints regarding 
maintaining river health and proposed an enhanced allocation. These 
recommendations have not, however, been implemented. As a result of several 
major floods little attention has been paid to this by the provinces but as a period of 
drought sets in, and greater variability is noticed in river flows, the demand for 
maintaining adequate flows for river health will become more pronounced. In our 
estimate by 2025 5 MAF will be needed, while by 2050 environmental flows could 
rise to 7.5 MAF. Realistically, these flows are unlikely to increase beyond 5 MAF as 
pressure mounts amongst competing users due to climate change and reduced river 
flows. As temperatures rise the demand to make more water available in the river 
system will increase, as projected under the two climate change scenarios for 
Pakistan. This will have particularly damaging effect on the huge local population 
dependent on the estuary for services such as clean water, plants, build building 
materials and food. The most important product derived from inland waters in terms 
of human nutrition is fish and fishery products. Inland fisheries in developing 
countries may be the only source of animal protein for rural people. It will also affect 
the lifecycle of many fish species which is heavily dependent on natural variability in 
river flows, e.g. large floods are important for fish migration and spawning in 
Floodplain Rivers.  

 Two emerging sectors are the future demands of the US $ 46 billion programme 
under the CPEC initiative and the widespread infrastructure development being 
undertaken to make the transition from a rural-based to an urban-based economy. It 
is estimated that by 2035 more than 60% of Pakistan’s population will reside in 
urban or peri-urban settings. The water demand of an urban lifestyle is much higher 
than that in a rural setting. When the CPEC, which constitutes among other things 
infrastructure development and setting up industrial units (water intensive) is 
combined with extra water for social development such allocations could exceed 2 
MAF by 2025 and 3.5 MAF by 2050, at conservative levels. 

 Water requirements will change in the 10 agro-ecological zones. The southern zones 
will see population migration trends as people move to higher elevations in search of 
milder temperatures. Those choosing to continue to reside in the zones where 
temperatures will rise by 3–4.5 degrees Celsius will find water demands rising just to 
sustain health and economic activity. In the northern zones, that will see higher 
temperature up to 5.5 degrees (and in highest elevations as high as 7 degrees by 
2080, as per current modelling work being undertaken by the Pakistan 
Meteorological Department) populations will engage in valley agriculture and it can 
be postulated that there will be some shifts in the population, though not on 
massive scale. In Pakistan’s upper and central plains precipitation is projected to be 
higher and so are medium range increases in temperature. Thus, maintaining yields 
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and continuing crop, vegetable and fruit agriculture will require more water. Models 
and work carried out by the Pakistan Meteorological Department suggests that crop 
water requirements will increase by 11%, 19% and 29% for temperature rises of 1, 2 
and 3 degrees, respectively. 

 The aggregate demand for water under the two climate change scenarios A14 and 
A1B5 projected by the IPCC are in line with what is expected in Pakistan and 
elaborated in the 2014 AR5.  We estimate that for the two scenarios aggregate water 
demand will be 149.13 MAF by 2025 and 192.92 MAF by 2050 (for all sectors) under 
A1, and 147.82 MAF by 2025 and 191.15 MAF by 2050 under scenario A1B. Present 
overall water availability according to this study’s water balance is 184 MAF. Thus, 
there will be a clear shortfall of 7 MAF and marked exploitation of the aquifer in all 
provinces of Pakistan. Managing such excessive water demands will require rapid 
investment in storage infrastructure, a responsive governance apparatus, and an 
adequate institutional framework, with special attention to water rights, markets 
rights and entitlements.  

 There are anomalies in the data and at times diverging conclusions have been drawn 
by different studies regarding water resources and demand in Pakistan. The 
corroborative evidence provided by the different stakeholders improves the overall 
understanding of the issues, and underlines that there exists in Pakistan an 
aspiration regarding ensuring a well-planned response, a recognition of global 
warming as a threat for this and future generations, and finally a desire to see 
reasoned action by government and civil society to address the water scenarios 
emerging for Pakistan.  

 Climate change will alter the water dynamics in Pakistan. Left unattended it may 
have disastrous consequences, leading to widespread poverty, conflict and loss of 
economic welfare. It will also slow down the engine of growth. It thus requires a 
planned, urgent and targeted response.  

 

The present study concludes with a set of recommendations for undertaking further work in 
the area of water demand. A list of recommendations emanating from this study includes 
the following:  
 
High Priority 
It is recommended that an intuitional strength and weakness analysis be conducted on a 
priority basis to identify centres of excellence to undertake further studies of sectoral 
demand. This capacity must be decentralised to provinces that have the capacity to conduct 
and interpret the findings of such research for meaningful policy formulation, often working 
with international partners who have demonstrated expertise in this area. 

                                                      
4 In the IPCC’s The Emissions Scenarios of the Special Report on Emissions Scenarios (SRES) the A1 storyline 
and scenario family describes a future world of very rapid economic growth, global population that peaks in 
mid-century and declines thereafter, and the rapid introduction of new and more efficient technologies. 
5 The three A1 groups are distinguished by their technological emphasis: fossil intensive (A1FI), non-fossil 
energy sources (A1T), or a balance across all sources (A1B) (where balanced is defined as not relying too 
heavily on one particular energy source, on the assumption that similar improvement rates apply to all energy 
supply and end-use technologies). 
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1. Action on Climate Today (ACT) is advised to take up demand management along with 
supply-side considerations with provincial governments, to develop provincial level 
strategies and to identify province- and agro- and climatic zone-specific threats. 

2. Water pricing, markets and water rights and entitlements will see water relocation 
under full blown climate change. The following areas should become the subject of 
inquiry and study: what are the tradeoffs? Who benefits and who loses? How do 
those who will benefit compensate the losers? What is a rational pricing strategy in 
formal and informal markets? 

3. Pakistan has undertaken a preliminary adaptation costing study for the United 
Nations Framework Convention on Climate Change (UNFCCC). There is an urgent 
need to undertake water use-specific costing studies to understand what type of 
adaptation interventions are required to ensure safer and healthier water needs for 
urban and rural adaptation from extreme climate events like droughts and floods. 
What are the costs of such adaptation to the public and private sector, and to 
diverse users? 

4. Developing guidelines for policy actions that provide an enabling environment for 
stakeholder participation. Through institutional reform and academic research 
ensure that Pakistan has the capacity to understand the full dynamics of climate 
change and the medium- to short-term influences it could have on the country’s 
water resources. Synthesis and evaluation of the studies that have been conducted 
in this field is required to extract policy guidelines. Where deficient or gaps clearly 
visible new research should be carried out with up graded and latest data from 
multiple sources. 

5. Water and climate data should be improved and climate change indicators should be 
re-estimated based on the research and assessments carried out during the last 10 
years. Good studies are available indicating inconsistencies in, and limitations of, 
reported data regarding water and climate variables. 

6. Existing water uses and actual water use patterns in various sectors and regions of 
Pakistan should be re-estimated based on a sample survey. 

7. The Framework for the Implementation of Climate Change Policy must be revised to 
align it with IPCC5 and latest information. 

8. Pakistan urgently needs to undertake climate projection studies using) scenarios and 
downscaled models from the ensemble of 25 models used by IPCC5. 

9. Water demands estimated by the present report show that by 2025 a shifting use of 
water among the sectors will already be taking place. A comprehensive study of 
Pakistan’s options for water supply and demand in 2025 and in 2050 should be 
carried out. To bring different sectors and departments on board, the study should 
follow up with detailed sectoral studies of district-wise demand, availability and 
allocation options.    

10. A gap analysis of various policies, e.g. sanitation policy, agriculture policy, 
environment policy, water policy and foreign policy (keeping in view the geo-political 
importance of water and the cross boundary issues involved), should be undertaken 
to incorporate the findings of this study and other similar studies for the benefit of 
policy-makers at federal and provincial level.  

11. Policy seminars should be held, policy briefings aimed at provinces be prepared to 
apprise them of the emerging water scenario and plot action agenda by 
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decentralising the debate and focusing on hotspots and most vulnerable areas and 
sectors. 

 
Medium Priority 
12. Joint media campaigns should be undertaken (with strong analytical support) on 

core water issues. These should take the form of simple public policy messages that 
urge public support on key water issues e.g. urban water supply, rationalisation of 
water use in agriculture, water storage and water pricing. 

13. Linkages and policy group exchanges should be established by supporting annual 
fellowships for demand studies, including studies of hedonic pricing, emerging water 
uses, satellite remote sensing and project preparation, to help Pakistan compete for 
international funding related to climate change and impacts on water.  

14. A water working group should be developed jointly with government and civil 
society, which should annually hold a water thematic conference that provides a 
platform for debate and discussion, along the lines of Pakistan Institute of 
Development Economics’ (PIDE’s) International Economic Development Conference.  

Way forward 
In line with findings of this study: 

 Start downscaling these findings through stakeholder planning exercises for 
undertaking high priority policy analysis that are conducted with potential 
implementers. 

 Policy studies must engage institutions that are implementers and users of this 
information. The high priority research questions be identified for making future 
decisions (known, likely and emerging) these must form the essential focus of 
inquiry. Filling this gap must be made a high priority. 

 Climate change itself has set the pace required: delayed decisions will be costly for 
the population and for development. Technical analysis must be combined with 
socio-economic research that matches future water use with economically 
justifiable water relocation. Expected conflicts and tensions require that a resolution 
mechanism be in place, within a broader framework of sustainable integrated water 
management.  
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Chapter 1: Study background  
 
Pakistan has repeatedly been considered amongst the top 10 most vulnerable nations in 
regard to the effects of climate change (German Watch, 2015).  While being a low carbon 
emitter, ranked 135th, it is repeatedly exposed to various kinds of extreme events (floods, 
drought, glacial lake outburst floods (GLOFs), heat waves and other non-traditional extreme 
events). With a population spread over nine different agro-ecological zones (which shows a 
high level of resilience in some areas and is battered by repeated floods in others) Pakistan 
faces unprecedented challenges from climate change. Its longstanding war on terror and the 
annual climate events it has experienced have taken a toll on its economic growth rate, 
which oscillates between 2% and 5 %... The figure below shows the dominant agro-
ecological zones. Urban centres located within these zones will absorb most of the 
population that migrates due to climate change stresses and voluntary migration for better 
living in cities. Water substitutions will take place from within these zones. 
 

Figure 1: Dominant agro-ecological zones of Pakistan 

 
Climate change projections for Pakistan indicate that there will be an increasing pressure on 
the demand for water. This will be driven on the one hand by economic and population 
growth, and on the other by changes in both the patterns of precipitation and river flows. 
Future policy on the allocation, use and pricing of water resources needs to understand the 
likely future demand by different sectors: any policy decisions must be based on the best 
information possible. 
 
Responding to this challenge, Pakistan's Framework for Implementation of Climate Change 
Policy includes a strategy on ‘Ensuring that water allocations are made according to changes 
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in sectoral demands caused by climate change’. It is proposed that ACT supports the 
government of Pakistan in implementing this strategy. 
 
Water has been a subject of much recent debate. With a rising population the average 
water availability has dropped from 5000 in 1951 to the current level at 1100 cubic meters 
per person year. The rising population will further put stress on per capita availability of 
water, pushing Pakistan into the stressed category. Pakistan faces both time and space 
shortages and abundance of water. Much of its water resources are subject to seasonal 
trends: 80% of precipitation is received during the summer (monsoon) months while 20% of 
rains come during winter. Water shortages are common in both rural and urban areas, with 
urban areas facing acute water shortages that result in extreme hardship for the urban 
population. Likewise, there are areas of extreme water shortages in the drier zones where 
people have to move many kilometres each day in search of water.  
 
Water pollution is another factor that is restricting the availability of useable water. Around 
the Indus and in other areas of urban industrial and commercial agriculture activity the 
water is mostly not fit for drinking. Nonetheless, Pakistan has reasonably achieved MDG 
goals for the drinking water access, while lagging behind the targets for sanitation. 
According to the projected data, household access to “improved water resources” increased 
from 53% in 1990, 88% in 2005, 90% in 2010 and 91% in 2013. The target set for 2013 was 
93%. The tap water supply coverage remains around 35% after 2010, concentrated in the 
big cities. The safe sanitation access was only 30% in 1990, which increased to 54% in 2005 
and 72% in 2013, against a target of 90% set for 2012-13. (World Health Organisation [WHO] 
and United Nations Children’s Fund [UNICEF])6.   Public toilets remain a much neglected 
area. Water availability during dry seasons remained an issue, with frequent public outcries 
regarding the issue of drinking water availability and quality. Likewise, the claimed largest 
user of water, agriculture, also suffers from water shortages, especially in the middle and 
tail reaches of irrigation schemes. Surface water shortages are supplemented by un-
regulated water pumping from the ground. This supplemental water provides water security 
for the masses. More recent research points to a fall in the water table due to excessive 
pumping, with many urban centres now facing the real risk of forced out-migration due to 
lack of water or deteriorating water quality. Trucking in water is very common in cities like 
Karachi, while Quetta faces a real threat of being left without sustainable water as the water 
table has fallen to a dangerous level. 
 

Water demand in Pakistan is a new subject as regards research: much earlier research has 
focused on addressing water resources and the supply of water in the river system. Pakistan 
has a unique water resource, with both the Himalayas and Karakorum housing over 5,000 
glaciers and storing almost 1600 sq kilometres) of water. This precious reserve is now being 
threatened by climate change (GLOF workshop, October 2015. While this large glacier 
reserve only contributes about 1%–2% to Pakistan’s current water supply it definitely 
provides long-term vital security. Likewise, a 1,046-mile-long coastline ensures a long-term 
supply of seawater that can be harnessed for both drinking and energy generation along the 
coast line. 
 

                                                      
6 http://www.wssinfo.org/fileadmin/user_upload/resources/JMP-Update-report-2015_English.pdf 
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Water demand estimates provided in the literature point to 95% utilisation in agriculture, 
2%–3% for drinking and domestic use and 2% for industrial use. Water used for ecology and 
environmental flows is not accounted for. The rivers handed over to India as part of the 
Indus Water Basin Treaty (1960) have minimal flows and only show large inflows when 
upper catchments receive extra water generating floods in the lower reaches of India.  
 
Water demand is closely tied to temperature rises. The recent (June, 2015) Karachi heat 
wave that killed over 2,000 officially (3,500–4,000 unofficially) was closely tied to the 
difficulties of water availability in Karachi, electricity and extreme rises in temperature 
above 45 degrees Celsius. Future projections of similar occurrences clearly point to the 
major gap in supply and demand that will impact both the rural and urban populations. 
Issues of governance and conflict are emerging in South Asia, particularly in urban growth 
centres, where temperature rises will put extreme stress on water demand (Amir, 2015). 

Scope  
A desk study was undertaken to review Pakistan’s current water resource allocation policy, 
water demand issues relevant to understanding the likely growth in demand from different 
sectors and any similar work undertaken. The study factored in the likely changes in water 
availability under various climate change projections up to 2050 and analysed the 
interaction between water demand and water availability. 
 
This was supplemented with a limited number of discussions with key stakeholders in 
government, academia and the private sector who have a direct interest in water resource 
demand management and allocation. These discussions provided a means of elaborating 
and cross-checking the desk-based findings. 
 
A methodology was prepared that examines and analyses at least two scenarios that 
combine economic growth and water availability linked to climate change impacts. These 
scenarios were compared to a ‘business as usual’ approach to water allocation and use. 
 

The study also considered and designed additional follow-on initiatives that are in line with 
other actions under the vision 2025 strategy, which the ACT programme could further 
consider for investment.  

Objective 
TOR: Undertake a study to estimate the impacts of climate change on sectoral demands for 
water. 

Approach/methods 
The study approach revolves around a survey of the literature on water demand relevant to 
Pakistan, with a concentration on different water uses, water balance, traditional and 
emerging demands, and the impacts of climate change on demand by 2025 and 2050. We 
also estimated demands for all sectors using best available data. We further reviewed the 
existing models to select the best fit for current climate change scenarios going beyond the 
traditional 17 GCM ensemble employed by IPCC. 
 

Stakeholder consultation: To supplement the secondary sources of information we held 
stakeholder meetings in all four provinces of Pakistan, to seek input from a wide array of 
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stakeholders in order to ensure that a balanced provincial viewpoint was incorporated into 
this study. The stakeholder meetings have helped in providing a realistic assessment of 
demand and in identifying gaps that need to be addressed in future assessments. Important 
stakeholders that were consulted at the federal level that included the Ministry of Climate 
Change, the Pakistan Meteorological Department, the Planning Commission of Pakistan, 
IRSA, the Water Resources Institute etc.  

Expected outputs 
The report will: 

 Summarise the current water demand from different sectors; 

 Provide an overview of the latest climate projections for Pakistan and their 
implications for water availability in the future; 

 Develop at least two scenarios for water demand and availability up to 2050 that can 
be used to describe and analyse future water demand by different sectors, and the 
likelihood of meeting this demand; and 

 Provide a clear summary of the results of this scenario analysis. 

Organisation of report 
The report is organised into five chapters. After the present introductory chapter, Chapter 2 
provides a focused review of climate change impacts that are likely to determine future 
scenarios. It also includes an estimation of the current water balance given the latest 
available information.  
 
Chapter 3 provides best estimates of water demand based on current climatic predictions. It 
provides both a quantitative and qualitative assessment, with a focus on sectoral changes in 
demand and likelihood concentration, utilising maps, satellite imagery and best estimates 
from secondary sources and the authors’ own calculations. 
 
Chapter 4 deals with the policy implications for changing scenarios of water demand in the 
light of climate change. These policy implications are highlighted and can further 
supplement the relevant sections of the climate change policy, water policy (in draft form) 
and drinking water and sanitation policy. 
 
Chapter 5 sets out the conclusions of our report, some recommendations and notes on the 
way forward. 
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Figure 2: Four major water use sectors  
  

Water Use 

 Agricultural Use- Any use or activity involving agriculture, including irrigation. 

 Commercial Use- The use of water by a place of business, such as a hotel, restaurant 
or office building. This does not include multi-family residences or agricultural, 
industrial of institutional users. 

 Industrial use- The use of water in processes designed to convert materials of a lower 
order of value into forms having greater usability and commercial value, and the 
development of power by means other than hydroelectric but does not include 
agricultural use. 

 Residential Use- The use of water that is billed to single and multi-family residences 
which applies to indoor and outdoor. 
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Chapter 2: Review of the literature relevant to water 
demand and climate change  
 
Water demand estimates for Pakistan have been summarised in several documents; most 
projections are based on linear trends. A recent report (Engro Polymer and Chemicals, 2015) 
summarises and documents demand for agriculture in 2015 as 111 MAF; in 2020 as 115 
MAF; and in 2025 as 119 MAF. Thus by 2025 8 MAF more than current 2015 estimates is 
required. For the industrial sector the study states that in 2015 the industrial sector demand 
was 4.28 MAF and projected demand for 2020 will be 4.54, while that for 2025 is estimated 
at 4.8 MAF: thus an additional 0.52 MAF is required by 2025, from the base of 2015.  
 
Domestic/municipal demand was recorded at 8.10 MAF in 2015, and is projected to rise to 
9.30 MAF in 2020 and 10 MAF in 2025. Thus the change from 2015 to 2025 is calculated as 
1.9 MAF. In the case of environmental requirements, the 2015 water demand is estimated 
at 1.54 MAF; this will rise to 1.62 by 2020, and to 1.70 by 2025 – with an additional 
requirement of 0.16 MAF from the base year of 2015. The water requirement for all the four 
sectors is expected to rise to 16.62 MAF by 2025, as noted by this study.7 This study also 
notes that due to the expanding population in Pakistan per capita water availability, which 
was 1,500 cubic metres per annum in 2010, will decline to 1,000 cubic metres per annum in 
2025 and to 900 cubic metres in 2050. This clearly shows the water challenge Pakistan faces.  
 

The Asian Development Bank (ADB) supported Water Sector Study Strategy, in its section on 
water demand, states that commencing in 2001 the urban water supply was 3.2 MAF, 
whereas the supply for industrial users was 1.1 MAF, for a total of 4.3 MAF.  The total urban 
water demand was expected to increase to 12.1 MAF by 2025. Likewise, demand for 
domestic water in rural areas was projected to rise to 3.2 MAF.  
 

A recent study8 (Qureshi and Syed, 2015) provides a situation analysis of the water 
resources of Lahore. Estimated water use for Lahore shows a declining trend for agriculture 
water use, due to rapid urbanisation, while domestic water and industrial water use shows a 
high usage, with consequent impacts on ground water resources in Lahore, the second 
largest city in Pakistan. Data from the Irrigation Department, Punjab, shows that use 
patterns of water focus primarily on drinking water, as can be seen from the chart below. 
 

  

                                                      
7 See study available from Engro Polymers and Chemicals, Karachi, entitled ‘Water Scenario of Pakistan, dated 02 April 
2015. Stan. 
8 Qureshi A and Ali Husnain Sayed, 2015. ‘Situation analysis of the water resources of Lahore: Establishing a case for water 
stewardship’. World Wide Fund for Nature (WWF). Pakistan. 
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Figure 3: Use of groundwater in Lahore 
 

 
 
Source: Sial GZH. An overview of groundwater issues and options in Punjab. Presentation given at the 
University of Agriculture, 19 October 2015. 

 

The National Climate Change Policy of 2012 clearly points to the need to adjust water 
demand usage in the light of forecasted climate challenges for future medium- to long-term 
planning. 
 

The Climate Change and Water report of the UN World Water Assessment Programme, 
2009, clearly states that agriculture is the main user of water and different climate change 
scenarios should be viewed from a perspective of ‘no regret’ options: e.g. water security 
should be created regardless of what climate change scenarios may predict. Likewise, the 
dynamics of shifting water use should be observed, in order to provide a sound basis for 
planning.9  
 

In its report of 2010 the task force on Climate Change formed by the Prime Minister of 
Pakistan cautioned against declining per capita water availability, the impacts of climate 
change on water resources and the consequences for economic development and planning 
in Pakistan.  
 
Another study, by the WWF (Ali et al., 2015), on the strategy for climate change adaptation 
in the Indus Eco Region, estimated – using regression models – the climate change impacts 
on various crops grown in the region and proposed adaptation strategies. 
 

Sussman and Freed, 2008, point out the effects of climate change on various business 
activities, and discuss how to adopt under a business as usual approach. They report on 
investment strategies and the vulnerability of key industries.10  

                                                      
9 See UNESCO-WWAP, 2009, Climate Change and Water. Perugia, Italy. 
10 Sussman G.F and J Randdall Freed. 2008. ‘Adapting to Climate Change: A Business Approach’. Prepared for 
the Pew Center on Global Climate Change.  
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Interesting to see how projected demand in India is growing where social conditions are 
very similar: As per the latest census of 2001, India’s population is about 1,020 million. It is 
projected to go up to 1,333 million by 2025 and to 1,640 million by 2050. The water demand 
is projected to increase and will be between 784 to 843 km3 in 2025 and 973 to 1180 km3 in 
2050.11  
 
A Climate and Development Knowledge Network (CDKN) study highlighting the climate 
change message of the IPCC Fifth Assessment Report, with a special focus on South Asia,12  
cautions policy-makers regarding errors and ignoring temperature rises in South Asia, where 
billions of people will be directly impacted, especially by heat-related events. Challenges to 
water resources from glacier melt are stated to be even higher than earlier perceived: new 
modelling scenarios paint a gloomy picture for high temperature rises in the upper reaches 
of the Hindu Kush mountain range. Key risks arising out of the study are increased flooding, 
leading to widespread damage to infrastructure, livelihoods and settlements (medium 
confidence), increased risk of heat-related mortality (high confidence) and increased risk of 
drought-related water and food shortage causing malnutrition (high confidence) 
 

The UN Water report, ‘A Post-2015 Global Goal for Water’, 2014, highlights the need to 
address waste water recycling as one of the strategies to address water demand, particularly 
in water stressed countries. 
 
Figure 4: Four important terms: water shortage, scarcity, stress and security 
 

 

 
 
  

                                                      
11 Source: Climate Change and Water Resources in South Asia. Proceedings of year-end workshop, Kathmandu 
7–10 January 2003, Asianics Agro Dev and APN, Kobe Japan.  
12 CDKN, Asia. 2014. ‘The IPCC’s fifth Assessment Report. What’s in it for South Asia?’, Executive Summary. 
CDKN, UK. 

The 4 S’s: Some Common Terms 
 Water Shortage – absolute shortage where 

levels of available water do not meet 
certain minimum requirements. 

 Water Scarcity – a more relative concept 
describing the relationship between 
demand for water and its availability. 

 Water Stress – the symptomatic 
consequence of scarcity which may 
manifest itself as increasing conflict over 
sectoral usage, a decline in service levels, 
crop failure, food insecurity etc. 

 Water Security – a situation of reliable and 
secure access to water over time.  
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Water Scarcity 

Water Scarcity category and associated problems Volume of water available 
(m3/person/year) 

Beyond the “water barrier”: continual, wilde-scale 
water supply problems, becoming catastrophic during 
droughts. 

<500 

Chronic water scarcity: Continual water supply 
problems, worse during annual dry seasons; frequent 
severe droughts. 

500 to 1, 000 

Water stressed: frequent seasonal water supply and 
quality problems, accentuated by occasional 
droughts. 

1000 to 1666 

Moderate problems: occasional water supply and 
quality problems, with adverse effects during severe 
droughts. 

1666 to 10, 000 

Well-watered: Very infrequent water supply and 
quality problems, except during extreme drought 
conditions 

>10000 

 

In another study, by Amarsinghe, Shah and Anand (no date), the authors provide demand 
estimates for 2025 and 2050 for India, along with various scenarios.13 
 
A WWF report on the water foot print of key industrial sectors in Punjab concludes that 
water footprints of industry need to be watched carefully. Since the value of water far 
exceeds the price paid by industries that are set up assuming a constant supply of water at a 
nominal price. This is risky: instead, industrial demand for water should be based on 
assumptions regarding sustainable use, on recycling, and by attending to pollution 
externalities. See Linstead, C et al., 2015.14  
 
The Millennium Development Goals (MDGs) assessment regarding Pakistan’s performance 
in regard to domestic water accesswas that Pakistan was unable to meet its commitments 
about sanitation, although it made good progress on drinking water access.   
 

Kahlown and Majeed (2004) provide an excellent situation analysis of water resources in 
Pakistan. They estimate the crop water requirements for 2000 and 2025. They suggest a 
rising trend, especially for the high delta crops.15 This paper also projected that drinking 
water demand will rise from 5.2 in 2000 to 9.7 in 2025. 
 

                                                      
13 Amarsignhe, A U, Tushaar Shah and B K Anand. ‘India’s Water Supply and Demand from 2025-2050 Business 
as Usual Scenario and Issues’. IWMI, Comombo.Sri Lanka.  See HO41798.pdf IWMI.org. 
14 Linstead, C et al., 2015. ‘Water Footprint of Key Industrial Sectors in Punjab, Pakistan’. WWF, Lahore, 
Pakistan.  
15 Kahlown M I and Abdul Majeed. ‘Water Resources Situation in Pakistan: Challenges and Future Strategies’. 
Available from Pakistan Council of Research in Water Resources No 3 St 17 F 6/2. Islamabad, Pakistan. 
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Elements of a water policy with strong stakeholder input from civil society have been 
provided by WWF, 2012. They point to the need to take cognisance of the increasing 
population and its impacts on cross-sectoral water demand.16 
 

The IPCC reports appear regularly. The most recent, published in 2014, summarises the 
latest scientific peer reviewed thinking on climate change. Its AR 5 summary for policy-
makers highlights the likely impacts on agriculture, health and water demand in South Asia, 
warning of yield declines, severe heat stresses and heat waves and impacts on Gross 
Domestic Product (GDP).  
 

An ADB report (ADB, 2013) points to the need to develop greater water security in the key 
demand sectors of agriculture, domestic use, industry and the environment. It lays out the 
challenges for Asia, with special reference to South Asia, where much of the population 
growth is centred.17 
 

According to Mustafa, 2009, the United Nations estimates that annual water demand in 
Pakistan will rise by 10%, whereas no positive change in the total water availability is 
expected – rather, declining water availability is predicted, due to climate change.18  
 

Demand for food, and especially fat and protein-based foods, will increase while demand for 
carbohydrates is likely to decrease over time. This demand for different types of food has 
major implications as regards the demand for water to produce such food.19  
 

Water balance estimates have been provided by several authors, including Ahmed (2006) 
and Hussain Ijaz et al. (2011). They provide a detailed water balance, making reference to 
various sources of surface and ground water, along with different use patterns.   
 

Seckler et al.20 project world demand for water, including Pakistan.  For Pakistan their study 
notes that total water demand in 2025 will be 293 km3, while total domestic and industrial 
use in 2025 is estimated to be 14.5 km3. 
 
A 2015 International Monetary Fund (IMF) study notes the dynamics in water and the 
provision of water. Large resource outlays and subsidies for water influence demand, and 
with increased world debt and the withdrawal of some of these subsidies the provision of 
drinking water at the tap will become costlier for certain groups. This could influence 
demand for water for domestic use. See Kochaar et al.21  

                                                      
16 Simi Kamala, Pervaiz Amir and Khalid Mohtadullah, ‘Development of Integrated River Basin for Indus Indus 
Basin’. 2012. WWF Pakistan  

17 ADB, 2013. ‘Asian Water Development Outlook 2013: Measuring Water Security in Asia and the Pacific’. ADB 
and Asia Pacific Water Forum, Manila the Philippines.  
18  Mustafa, D, Majeed Akhtar and Natalie Nasrallah. 2013. ‘Understanding Pakistan’s water-security nexus’. 
United States Institute for Peace. Washington. USA. 
19 Beddington et al. 2012. ‘Achieving food security in the face of climate change. Final report from the 
commission on sustainable Agriculture and Climate Change’. CGIAR Research Program on Climate Change, 
Agriculture and Food Security (CCAFS), Copenhagen Denmark www. Ccafs.cgiar.org/commission. 
20 Seckler et al. 2008. ‘World water demand and supply 1990–2025: Scenarios and Issues’. IWMI, Colombo,  Sri 
Lanka. 
21 Kalpana Kochhar et al., 2015. ‘Is the Glass Half Empty or Half Full? Issues in Managing Water Challenges and 
Policy Instruments’. Staff discussion note, IMF. Washington. 
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World trends for different uses are summarised in the graphic presentation below. 
 
Figure 5: Forecasted Global use of water by sector  

 
 

Rasul et al. (no date) note that temperatures towards the end of the century will increase by 
5 degrees and in northern areas by even higher than 7 degrees. Mid-century temperature 
increases are predicted to be 2–3.5 degrees. These findings are consistent with current 
modelling trends. They also note that for every 1, 2 and 3 degree rise in temperature crop 
water requirements will increase by 11%, 19% and 29%, respectively, implying that at 2 
degree rise, crop water requirements will almost double water needs in the northern areas. 
These are the implications of temperature on crop production. This indicates the pressure 
that will be put on water resources due to demand from the agriculture sector.22  
 
  

                                                      
22 Rasul G., Q. Z. Chaudhry, A. Mahmood, K. W. Hyder, ‘Effect of Temperature Rise on Crop Growth and 
Productivity’, Volume 8 issue 15, Pakistan Journal of Meteorology. 
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Figure 6: Annual Climate Classification for Pakistan  
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The Pakistan Meteorological Department, in its report entitled ‘Climate Change Indicators of 
Pakistan’, 2009, provides relevant information regarding rainfall and temperature 
distribution in the country, showing multiple weather patterns depending on the elevation 
and geography of the country.  
 
Pakistan has a distinct distribution of climates, as can be appreciated from the map below. 
Likewise, data for rainfall and precipitation are shown in the maps below. The Pakistan 
Meteorological Department report provides times series data at provincial level for both 
trends in temperature and perception changes.  
 
Figure 7: Annual average rainfall, minimum and maximum temperature – spatial patterns 
across the country   
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Secondary information on climate change impacts on water resources 
Information about climate change impacts on water resources can be divided into two 
groups, one,on the observed impacts and two, projected future changes in water availability 
and demand. Technical components of the IPCC Fifth Assessment Report discuss observed 
climate-related changes in water resources (AR5 2013, Section 3) in the context of: 

i) Climate impacts on cryosphere components, glaciers, ice, snow cover, frozen 
earth and their transitional states; 

ii) Climate impacts on hydrology and water resources, which includes surface 
and groundwater systems, extreme events like floods and droughts, water 
quality and water chemistry, erosion and sedimentation; and 

iii) Climate impacts on the net availability of, and demand for, water, which are a 
combination of the above mentioned factors and multiple non-climatic 
factors.      

 
Key lessons for Asia from three volumes of the Fifth Assessment have been summarised by 
CDKN. The IPCC observed many changes in South Asia’s climate:23 
 

Temperature trends: Warming has occurred, at a country scale, across most of South Asia 
over the 20th century and into the 2000s. There were more temperature extremes (high 
confidence).14 Records indicate that it is likely that the number of cold days and nights has 
decreased and the number of warm days and nights has increased across most of Asia since 
about 1950. Heat wave frequency has increased since the middle of the 20th century in 
large parts of Asia. 
 
Rainfall trends: Most areas of the Asian region lack sufficient observational records to draw 
conclusions about trends in annual rainfall over the past century. Rainfall trends, including 
extremes, are characterised by strong variability, with both increasing and decreasing trends 
observed in different parts of Asia (Figure 2). Observations also show that there have been 
more extreme rainfall events and fewer weak rainfall events in the central Indian region. 
 

                                                      
23 Observed temperature and precipitation data are given in IPCC Fifth Assessment Report (2013), Climate 
Change 2013: The Physical Science Basis. Summary for Policymakers (pp. 6,8). Observed temperature and 
observed precipitation maps are also presented in IPCC (2014), Climate Change 2014: Impacts Adaptation, and 
Vulnerability. Technical Summary (pp. 64–65). 
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Sea level rise: Globally, the rate of sea level rise since the 1850s has been larger than the 
average rate during the previous 2,000 years (high confidence). Sea level rise can vary 
between regions, though. Shifting surface winds, the expansion of warming ocean water, 
and the addition of melting ice can alter ocean currents, which, in turn, leads to changes in 
sea level that vary from place to place. Past and present variations in the distribution of land 
ice affect the shape and gravitational field of the Earth, which also cause regional 
fluctuations in sea level. Additional variations are caused by sediment and tectonics. 
Changes of sea level in the Indian Ocean have emerged since the 1960s, driven by changing 
wind patterns.  

IPCC scenarios 2013 
In assessing future climate change, the Fifth Assessment Report presents four scenarios, 
known as RCPs – see figure below. The scenarios show the results of different levels of 
emissions of greenhouse gases, from the present day to 2100, in regard to global warming. 
The IPCC does not indicate which policy and behavioural choices society could make that 
would lead to the scenarios. 
 

In all scenarios, carbon dioxide concentrations are higher in 2100 than they are today. The 
low-emissions scenario (RCP2.6) assumes substantial and sustained reductions in 
greenhouse gas emissions. The high-emissions scenario (RCP8.5) assumes continued high 
rates of emissions. The two intermediate scenarios (RCPs 4.5 and 6.0) assume some 
stabilisation in emissions. 
 

Regardless of the action taken now to reduce emissions, the climate will change until 
around the middle of this century. In the longer term, in all except the low-emissions 
scenario, global warming at the end of the 21st century is likely to be at least 1.5°C. In the 
two higher emissions scenarios, global warming is likely to be 2°C. In the second lowest 
emissions scenario, global warming is more likely than not to be 2°C. Warming will continue 
beyond 2100 under all emissions scenarios except the lowest and will continue to vary 
between years and between decades. 
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Figure 8: Projected Climate change RCP Scenarios for the 21st century - IPCC 2013 
 

The temperature and precipitation projections for Pakistan at the regional scale by Global 
Change Impact Study Centre (GCISC) Islamabad are summarized in Annex 2. 
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Chapter 3: Best estimates of climate change impacts on 
water sector demand 

Water resources of Pakistan 
The surface water resources of Pakistan are predominantly contributed by the shared 
Himalayan and Karakorum ranges. The catchments of the River Indus and its tributaries 
spread from the high north-western mountains, at 8,500 metres elevation, to the low level 
Pothwar Plateau, at 300 metres. The 400,131 km2 Himalayan watershed of the Indus and its 
tributaries includes the world’s largest glaciers outside of the polar region. These are the 
great natural storage reservoirs of snow that feed and regulate the river Indus and its 
tributaries. The Western Himalayas, Hindukush and Karakorum mountainous regions are 
shared by China, India, Afghanistan and Pakistan. The gross drainage and service area of the 
Indus and its tributaries exceeds 1.1 million square kilometres.24 
 
The mountainous catchments of the lower Himalayan and Siwalik ranges extend over 
65,000 square kilometres of sedimentary rock and gravel formations. Monsoon rains 
percolate through and are stored in the porous formations and are released later through 
springs or natural reservoir that feed the rivers. The snow melt and rainfall contributes, 
respectively, 60% and 40% to the Indus River flows. Catchments areas and inflows of the 
main rivers are given in Table 1. 
 
Table 1: Areas, flows and rainfall in Indus River catchments25 

River 
Catchments/basin 

areas in Sq. km 

% area 
snow 

covered 

River flows top 
RI26M stations 

Pakistan 
(MAF) 

Precipitation/rainfall 
(mm) 

Indus at Tarbela 2,88,000  62.14 1400  to    125 

Kabul at 
Nowshera 

67,760  21.00 900    to    100 

Jhelum at 
Mangla 

39,200  22.75 1500  to    250 

Chenab at 
Marala 

41,760  26.53 950    to    150 

Ravi, Sutlej and 
Beas 

100,330  2 900    to    150 

 

                                                      
 
25 Over 60% of the total area of the Indus Basin lies in Pakistan and Pakistan-Administered Kashmir. India and 
Occupied Kashmir has about 15%, Tibet has about 10% and the Republic of India and Afghanistan each have 
about 7% of the catchments. The entire basin covers about 384,000 square miles of open land, of which 
204,000 square miles lie in Pakistan. In addition, about 29,000 square miles lie outside the Indus basin but are 
dependent on the Indus River system for their water requirements and irrigation supplies. Almost the entire 
basin in Pakistan receives an overall rainfall of less than 15 inches, 60% of its area receiving less than 10 inches, 
while 16% receives less than 5 inches. (Source: Wikipedia). 
26 RIM: River Inflow Measuring Stations in Pakistan  

http://simple.wikipedia.org/wiki/Pakistan
http://simple.wikipedia.org/wiki/Pakistan-administered_Kashmir
http://simple.wikipedia.org/wiki/Jammu_and_Kashmir
http://simple.wikipedia.org/wiki/Jammu_and_Kashmir
http://simple.wikipedia.org/wiki/Tibet
http://simple.wikipedia.org/wiki/Republic_of_India
http://simple.wikipedia.org/wiki/Afghanistan
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As a result of increased human activity, environmental and climate changes, surface water 
resources of the Indus basin have become highly vulnerable (Mool, P K et al., International 
Centre for Integrated Mountain Development (ICIMOD) 201227). Some optimism exists 
about the future of glaciers feeding the Indus River because of the Karakoram Anomaly 
(glacier surge) reported by researchers like Hewitt, K., 2005. However, recent trends of 
extreme events (droughts and floods) and large climate-induced losses present a 
challenging situation for Pakistan. 
 
The glaciated and snow cover areas are decreasing because of increased inhabitation, 
economic activities, tourism and strategic positioning of armed forces in the region. The 
retreat of the Siachin glacier due to military establishments by India and Pakistan is well 
established (ICIMOD, 2004, Kashmir at the Brink? Climate Change Impacts Report, 2007). In 
Chenab and Jhelum catchments, an alarming decrease in the snow cover area and the 
melting of smaller glaciers is reported by Indian studies (Arjimand Hussain Talib ActionAid, 
2007). The report28 names about 20 glaciers that have reduced in size or disappeared.  
 
Figure 9: Variations in snow cover area – Global Change Impact Studies Centre 
(GCISC) (2011) 

 
 

Pakistan has faced unprecedented weather events and climate change impacts during the 
last two decades. A wet period and flood events in 1992 and 1994–95 were followed by two 
years of droughts during 2000. A combination of three weather systems caused super 
flooding in 2010, displacing about 17 million people. A unique weather system of monsoon 
rains flooded the lower Indus for months. In addition to small glacier outburst lakes, a rare 

                                                      
27 Based on repeat measurements of glacier surface elevation between 2003 and 2008, the most recent paper 
(Kääb et al., 2012) finds overall mass losses in the Hindu-Kush Karakoram Himalaya of -210 ± 50 kg/m2/yr. 
These rates are more negative than previous gravity-based estimates (Jacob et al., 2012) and less negative 
than field-based estimates (Bolch et al., 2012; Yao et al., 2012). Kääb et al. observed glacier wastage rates 
between -200 kg/m2/yr and 550 kg/m2/yr in the Hindu Kush, Jammu Kashmir, and the western, central, and 
eastern Himalayas (Molden, 2012). 
28 Hangipora glacier in Anantnag, Naaginad glacier, Galgudi and Wandernad glaciers in Chaklipora, Katha, 
Budrukotand Khujwan glacier and Kichama area have reduced from 40ft to only 20ft. The Afarwat glacier, 
Nambalnar Hajibal, Shamasbari and Sadhna in Karnah region and the major Najwan Akal glacier have almost 
disappeared. 
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large lake was formed at Attabad in the Gilgit-Baltistan region in 2009 due to a land slide 
completely blocking a tributary of the Indus, Hunza (feeding the Gilgit river). (Some of the 
hydrological extreme events are summarized in Annex-3). 

Rainfall 
The dominant climate of Pakistan is dry and semi-arid. Humid conditions prevail over a small 
area. The whole of Sindh, most of Balochistan, the major part of the Punjab and central 
parts of northern areas receive less than 250 mm of rainfall in a year. Northern Sindh, 
southern Punjab, north-western Baluchistan and the central parts of the Northern West 
Areas (Khyber Pakhtunkhwa (KPK) province) receive less than 125 mm of rainfall. The 
monsoon brought by the South-eastern winds is the major source of rainfall in the summer, 
mostly between July and September. The western depression brings light rains to a small 
western range from December to March. True humid conditions appear after the rainfall 
increases to 750 mm in plains and 625 mm in highlands. The average rainfall is less than 250 
mm across 70% of the basin and higher than 700 mm over a small northern zone.  
 
The rainfall has become more erratic across the South Asia during the last few years, with 
marked regional differences. Cyclones have increase in coastal, along with the frequency of 
extreme events. Recent studies have noted three rainfall and precipitation trends.  
 

i. Overall rainfall has been increasing since 1950 (it had been decreasing during first 
half of the 20th century). Different rates and significance-levels are calculated. The 
PMD (Zaman, Mehmood, Rasul 2009), GCISC (2009) and Rasul (2012) reported a 
substantial average increase of 15%, at an average rate of 0.5 mm/year, a net 
increase of 60mm over 109 years. However, some recent studies analysed rainfall 
variations as being generally insignificant (Salma 2012, International Water 
Management Institute [IWMI] 2014), with significant decreases in some regions 
(Quetta, Karachi). 

ii. Seasonal variability and abrupt changes in hydrological cycles are significantly 
increasing, including snow storms, monsoon rains and rare weather phenomena, 
such as a combination of weather systems (IPCC 2008). 
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Figure 10: Average annual rainfall, Pakistan 

 

Flows of Indus and tributary rivers 
The flows measured at the RIM stations for the western and eastern rivers are summarised 
in two tables below, Table 2 and Table 3. The flows of the Kharif river are about five times 
higher than the flow of the Rabi. The average annual flows of three eastern rivers were 
about 25 bcm between 1961 and 1975. These flows gradually reduced to 1.6 MAC in the 
decade of 2000.  
 
Because of intensive monsoon rains in the catchments, in the last few years higher flows 
have occurred in the eastern rivers. Average flows of the last five years were about 5 MAF. 
 
Table 2:  Decadal average river inflow of the Indus and tributary rivers (MAF) 

 Western rivers Eastern rivers Gross river flows 

 Kharif Rabi Annual Kharif Rabi Annual Kharif Rabi Annual 
1961-1970 114.90 21.91 136.82 19.18 2.60 23.17 132.96 24.64 159.00 

1971–1980 110.17 22.07 132.24 13.68 1.92 16.34 123.85 23.99 148.59 

1981–1990 114.83 26.37 141.20 5.00 2.00 7.00 119.83 28.37 148.20 

1991 –2000 121.91 26.05 147.96 6.74 1.51 8.25 128.65 27.56 156.21 

2001–2010 100.24 23.91 127.81 1.30 0.35 1.66 101.55 24.26 129.46 

2010–2014 105.49 24.03 129.53 3.75 1.11 4.86 109.25 25.14 134.38 

 
The western river flows have an annual variability of 10% to 15% percent. Prolonged 
drought in the beginning of the century reduced western river flows to the minimum 
decadal average of 127.8 MAF, which has been slightly improved during the last five years.  
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Table 3: Variability of RIM station inflows to Indus River system (pre-storage period) 
 

 

 
The annual contribution of western rivers, at 50% probability, is 137.7 MAF (169.4 billion 
m3) during the post-storage period (1967 onwards)29. This is about 2% or 3 MAF lower than 
the pre-storage period average. A decreasing trend of Indus flows at Tarbela is indicated by 
the 80 years data.  
 
Figure 11: Annual flows of Indus at Tarbela from 1937 to 2013 – a declining trend  

 
 

The annual flows of the eastern and the western rivers are shown in the graphs below. 
Other than during floods, Pakistan is not expected to have flows in the eastern rivers. The 
western rivers also show a decreasing trend, while an increase in river inflows would have 
been expected based on climate change and glacier melt projections.  
  

                                                      
29 Pre Storage indicates the state of the western rivers before the construction of the Large Dams Tarbela (on 
river Indus) and Mangla (river Jehlum) and the assorted canal system. 

Probability 
(%) 

RIM station inflows (billion m3) for western rivers 

Pre-storage Post-storage 

Kharif Rabi Annual Kharif Rabi Annual 

Minimum 90.24 15.53 109.35 79.9 17.3 97.2 

10 100.73 18.54 116.99 86.3 16.6 102.9 

25 110.73 19.67 132.60 99.9 24.6 124.5 

50 117.48 21.38 140.65 114.3 23.4 137.7 

75 126.26 24.80 150.33 125.0 24.6 149.5 

90 135.61 26.50 161.14 138.0 27.8 165.8 

99 156.67 33.09 188.37 141.5 30.7 172.2 
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Figure 12: Eastern rivers inflows; drastic decline as a result of upstream developments 

 
 
Figure 13: Gross western rivers inflows show a slight decline from 1976-77 
 

 
 
River flows downstream of the last barrage on Indus, Kotri, are taken as outflow to the sea. 
These flows have also been declining and are negligible during a year of low flows.  
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Figure 13: Outflow at the last barrage of Indus, Kotri decreases with time 

  

Groundwater use in Pakistan 
Groundwater has evolved as a reliable water resource in all water use sectors. Industry and 
domestic supplies almost fully rely on groundwater pumpage. In agriculture, it compensates 
for the shortage of surface supplies. Riverine areas extensively use fresh aquifers during the 
dry season. Globally, Pakistan is the fourth biggest user of the groundwater, according to a 
recent report by the National Groundwater Association of United States of America (USA) 
(2015). ‘Facts about Global Groundwater’ shows India extracts water from aquifers at a rate 
of 251 km3/year, followed by China and the USA, both extracting 111 km3/year, and by 
Pakistan, which extracts 65 km3/year. As a percent of total available water resources, 
Pakistan has the highest reliance on groundwater.     
 

Pakistan currently has more than 1 million shallow and deep tube wells across the country. 
Irrigated agriculture has become the biggest user of groundwater because of supporting 
factors, such as: i) the increasing deficit in the actual water requirement and canal water 
supply; ii) the availability of freshly recharged groundwater aquifers; and iii) the availability 
of cost-effective technology for extraction.  
 
The current groundwater volumes are estimated to be higher than 60 MAF. Depending upon 
the actual surface water deficit the groundwater recharge and discharge may vary from year 
to year.  
 
A basin-level estimate of groundwater using hydrological modelling with SWAT model has 
been carried out by Cheema et al. (2012). Spatial presentation of the model output is 
generated using remote sensing information and GID data, as shown in the map below. The 
study concludes: ‘Irrigation is the largest consumer of water in the Indus basin that is using 
both surface (113 km3 or 434mm) and groundwater (68 km3 or 262 mm) to meet the crop 
water requirements’.  
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Figure 14: Spatial map of groundwater abstraction in irrigated Indus basin (Cheema 
2013) 

 

Canal diversions 
Ten yearly average canal diversions from 1940 to 2014 are summarised in the table below.  
 
Table 4:                  Average canal withdrawals – MAF 

Period National Punjab Sindh Baluchistan KPK 

1940–47 66.3 36.0 27.8 0.0 2.5 

1947–57 72.1 40.6 28.9 0.0 2.6 

1960–66 84.4 47.3 34.1 0.0 2.9 

1967–77 94.6 49.8 40.7 0.4 3.6 

1978–90 105.3 54.2 44.3 1.7 5.1 

Allocation 1991 (WAA)      

1991–99 107.2 53.3 45.5 2.1 6.2 

2000–09 96.0 49.4 38.2 2.9 5.4 

2010–14 98.5 50.7 40 2.6 5.8 
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 The gross canal diversions from the main Indus network were 66.3 MAF before 
partition, between 1940 and 1947. The diversions increased with expansion of the 
irrigation network on the lower Indus. Seven irrigation canal systems from Guddu 
and Kotri barrages were introduced between 1956 and 1967. 

 The diversions reached 105 MAF after the introduction of two storage reservoirs, 
Mangla and Tarbela, with a capacity of about 14 MAF. 

 Four provinces in Pakistan signed a water allocation agreement in 1991. The accord 
set the provincial share for gross river flows of 114 MAF. The provinces tried to 
maximise the diversion during the decade from 1991 to 1999. The gross river 
diversions during the period were 107 MAF. Availability of the maximum storage 
capacity and the eastern river flows were instrumental in maximising the canal 
diversions.  

 The river diversions started decreasing with the sedimentation of reservoirs (their 
original capacity was reduced by 30%) and a gradual decrease in the eastern river 
flows. In the decade of the 2000s eastern river flows were reduced to their minimum 
level, less than 2 MAF annually (see previous section). 

 Because of reduced reservoir capacity and limited water availability during winter, 
current irrigation diversions have become sensitive to the natural flow conditions of 
the river and the weather conditions. As a consequence, annual variability of the 
canal supplies has increased.   

Estimation of sector water demands  
Parameters that influence water demand include: 

 Population growth; 

 Economic development drivers –  emerging demand supply deficit in the planned 
economy, high dependence on water intensive development options;   

 Social change (urbanisation);   

 Temperature; 

 Precipitation; 

 Global markets, pricing; and 

 Exogenous factors (e.g. CPEC). 

Population projection and growth trend 
Pakistan has conducted five national levels censuses since 1947, during the years 1951, 
1961, 1971, 1981 and 1998. These censuses show a non-consistent annual population 
growth rate varying between 3.77 and 2.7. The population distribution across the provinces 
and key administrative units is shown in Table 5. The population for 2015 is estimated to be 
189 million by the end of the year 2015 (World Bank, World Fact Book, Pakistan Economic 
Survey 2014–15, and Ministry of Finance). The global population given by 
Worldometers.info states the real-time population of Pakistan as being 188.438 million on 
30 October 2015.  
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Table 5: Pakistan population trends:  Censuses 1951–1998, projected for 2015 (National 
Bureau of Statistics, World Bank, Worldometers.info) 

 

All datasets and all five censuses show a dynamic population growth rate. A prominent 
increase in the growth rate in the decade of 1972-82 can be linked to an influx of Afghan 
refugees. An average annual growth rate of 2.1% is estimated for the post-2010 period by 
the World Bank (data.worldbank.org/indicator/ SP.POP.GROW). However, an annual growth 
rate of 1.59% is shown by countrymeters.info/Pakistan (www.worldometers.info/world-
population/pakistan-population). 
 
A summary table of Pakistan’s population from 1960 to 2015 based on observed trends and 
from 2016 to 2050 based on projected trends is given in Annex-1.   
 
Figure 15: Pakistan population growth rate 

 

To represent the population growth dynamics, three scenarios are developed for the year 
2050, Figure 17: 

1. Population increases at a constant annual rate of 2.1% till 2050 – the last five years’ 
average according to the World Bank. The rate is slightly higher than the post-1998 

Province/Region 
Population by regions by five censuses 

(thousands) 
Current 

projected 

Year 1951 1961 1972 1982 1998 2015 

Growth rate  2.43 3.77 2.9 2.7 2.7-1.59 

Pakistan 33,740 42,880 65,309 84,254 132,352 188438 

Punjab 20,541 25,464 37,607 47,292 73,621 104819 

Sindh 6,048 8,367 14,156 19,029 30,440 43339 

KPK 4,557 5,731 8,389 11,061 17,744 25263 

Baluchistan 1,167 1,353 2,429 4,332 6,566 9348 

FATA 1,332 1,847 2,491 2,199 3,176 4522 

Islamabad 96 118 238 340 805 1146 

http://www.worldometers.info/world-population/pakistan-population
http://www.worldometers.info/world-population/pakistan-population
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growth rate. This high growth scenario predicts Pakistan’s population will be 390 
million in 2050. 

2. Population increases at currently projected growth rate of 1.58% per year from the 
year 2015 to 2050. The estimated population in 2050 will be 318 million. 

3. The annual population growth rate steadily decreases from 1.58% in year 2015 to 
0.5% in 2050.  This is the lowest growth rate and is the most probable scenario. The 
projected population of Pakistan in the year 2050 is 268 million. 

 

Scenario 3 is mostly used for estimation of water demands of various sectors.   
 
Figure 16: Projected population for 2050 for three selected scenarios. 

 

The rural–urban population distribution  
According to the 1998 census the urban population was 32.5% of the total population of 
Pakistan. The development indicators for Pakistan (World Bank databases 2014) show urban 
population ratio in 2011 as 36.2%. These states show 1.5% annual population growth rate 
and 2.68% urbanization rate. Logically, this rate will decrease with time. Figure 17 shows the 
projected urban and rural population for the low growth rate and a modest urbanisation 
(scenario 3).  
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Figure 18: Rural–urban population distribution 
 

  
 
The rural population will reach its maximum level, about 112 millions, around 2020 and will 
remain at that level for more than five years. It will then start decreasing and will reach 79 
million in 2050. Meanwhile, the urban population will increase more than four-fold, from 43 
million in 1998 to 189 million in 2050.   

Projection of domestic water demand 
Four factors influence the increase in domestic and urban water demand: 

1. Urbanisation, including emerging new cities and migration to the existing cities. 
2. The existing state of the water supply and the pace of socio-economic development. 
3. Official commitments of the federal and provincial governments to provide domestic 

and sanitation water access to 100% of the population. 
4. Climate-induced factors that influence consumption factors.    

 

A combination of all four factors is influencing the rapidly increasing domestic water 
demand in Pakistan.  
 
A National Sanitation Policy and a National Drinking Water Policy were approved in 2006 
and 2009, respectively, with the objective of improving water and sanitation coverage and 
quality. The National Drinking Water Policy document defines ‘water access’ as the 
availability of 45 litres per capita per day (l/c/d) in rural areas and 120 l/c/d in urban areas. 
In addition, the total time to reach a public water source and return must not be more than 
30 minutes. (National Drinking Water Policy 2009, Ministry of Environment, Government of 
Pakistan).  
 
In 2004 the federal government launched a comprehensive nation-wide clean drinking 
water programme under two parallel projects, the ‘Clean Drinking Water Initiative’ (CDWI) 
and ‘Clean Drinking Water for All’ (CDWA), which promised to provide 6,579 clean water 
plants throughout the country. The drinking water initiative has been further enhanced by 
the provincial governments.  The provinces have planned to achieve more than 98% “safe 
water access” before 2018. 
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For the policy commitment of, respectively 45 and 120 litres per capita and day supply to all 
rural and urban households, gross national demand is estimated for the projected 
population, Table below.  Under this basic scenario, about 10 bcm water will required in 
2050 for a population of 268 million and about 14 bcm for a population of 14 bcm. 
 
Table 6:    Safe water access – policy commitment in billion cubic metres 

 
 
Figure 17: National Drinking Water Policy's commitment for nation-wide access to 
safe domestic water – estimated in billion cubic metres 

 

Gross domestic demand 
Residential water demand is a positive function of family size, house size, the number of 
water-using appliances, and household income. An improved source of supply also increases 
domestic water uses. According to the Pakistan Social and Living Standards Measurement 
Survey of 2010–11, the main sources of water supply for households in the country were as 
follows: 32% tap water, 28% hand pump, 27% motor pump, 4% dug well and 9% others. The 
major contribution to supply within the home comes from private hand and/or motor 
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 Population – 268 million in 2050 Population – 390 million in 2050 
 Urban Rural Total Urban Rural Total 

1998 1.88 1.47 3.35 1.88 1.47 3.35 

2000 2.04 1.52 3.56 2.03 1.51 3.54 

2005 2.47 1.64 4.10 2.42 1.61 4.03 

2010 2.94 1.73 4.67 2.90 1.71 4.61 

2015 3.46 1.80 5.26 3.46 1.80 5.26 

2020 4.03 1.84 5.87 4.14 1.89 6.03 

2025 4.65 1.84 6.49 4.95 1.96 6.91 

2030 5.31 1.81 7.12 5.91 2.02 7.93 

2035 6.00 1.74 7.74 7.07 2.05 9.12 

2040 6.73 1.63 8.36 8.44 2.05 10.49 

2045 7.49 1.48 8.97 10.09 2.00 12.09 

2050 8.29 1.30 9.59 12.06 1.89 13.96 
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pumps, which provide an improved drinking water supply for 71 % of households in Punjab. 
In rural areas the provision of pipe water supply is low and most of the rural population 
depends on hand pumps. A shift to tap water enhances the capacity of household water 
use.  
 
The approximate capacity of an urban household in Pakistan is given in Box 1.  

 
 
An intermittent water supply is common in urban areas. For Pakistani cities, the ADB 
indicates continuous water supply rates of one to 10 hours (Karachi), 11 to 15 hours 
(Rawalpindi) and 16 to 23 hours (Lahore) per day.30 The urban and rural civic and business 
infrastructure (like schools, hospital, shops, parks etc) is included in the municipal water 
supplies. Water demand estimates also include these utilities.     
 
Table 7: Municipal/domestic water requirements in billion cubic metres (bcm) 

Population – 268 million in 2050 Population – 391 million in 2050 

 Urban  
req. 

Rural  req. Total req. Urban  req. Rural  req. Total req. 

1998 2.7 1.2 3.9 2.7 1.2 3.9 

2000 2.9 1.5 4.4 2.9 1.5 4.4 

2005 3.9 1.8 5.7 3.8 1.8 5.6 

2010 4.6 2.0 6.7 4.6 2.0 6.6 

2015 6.0 2.3 8.3 6.0 2.3 8.3 

2020 7.0 3.1 10.1 7.2 3.2 10.4 

2025 8.8 3.1 11.9 9.4 3.3 12.7 

2030 10.0 3.4 13.4 11.2 3.7 14.9 

2035 12.3 3.2 15.5 14.5 3.8 18.3 

2040 13.8 3.4 17.2 17.3 4.3 21.6 

2045 16.5 3.1 19.7 22.3 4.2 26.5 

2050 18.3 2.7 21.0 26.6 4.0 30.6 

                                                      
30 The ADB abstracted the figures from unaudited data, collected from utilities for the SAWUN Benchmarking 
Database; see: Bridges, Geoff; ADB (2007) ‘Asian Water Development Outlook 2007. Country Paper Pakistan’. 
p. 17. Retrieved 28 May 2008. 

Box 1: Estimated water use in a Pakistani house in a large city  

 Toilet flush: 1.5 to 3 gallons of water in a single flushing. 

 Five- to eight-minute shower: 6 to 12 gallons of water.  

 Manual dishwashing, twice a day: more than 5 gallons of water (equivalent to 
an efficient small dishwasher).  

 Semi-automatic washing and rinsing of a single load of clothes: 10 to 20 
gallons of water; automatic machines are estimated to use 30–40 gallons, 
while can take a double load. Per day and person use could be 2 to 4 gallons. 

 The average size of bathroom and kitchen garden taps is relative to the 
house/infrastructure size, lawns, etc. Steel pipes of 0.50 inches diameter are 
commonly used. In five minutes these pipes can deliver eight gallons of water. 
at a velocity of 1 meter per second.  
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Figure 20: Urban and rural water demand 2000– 2050 

 
 
In Pakistan, groundwater is the main source of urban water supply. However, Karachi, 
Hyderabad and other cities in Sindh depend on surface water as a domestic supply source. 
Part of the water supply for Islamabad and Rawalpindi is also met with surface water. 
Domestic water supply and demand is not uniform in different cities across Pakistan and 
varies significantly based on location, climatic change, house characteristics, and socio-
economic variables. 

Industrial water requirements 
Minimum direct information is available on water use in industry. An effort is made here to 
collect the available data on local industrial processes in Pakistan using water and producing 
wastewater. Some of this information is given in the next section. 
 
For industries where local information is not available, calculations are based on standard 
data or references from other developing countries (mostly India).  
 
The estimated water use (at the supply level) in industry during 2005 was 2.5 bcm. This 
value is high, but is not based on excessive estimates, as indicated by the reference 
literature discussed below. 
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Table 8: Estimated water use in industry – for reported production in 2005 

Industry Units Production Water use rate 
Total water 

required 
(MCM) 

Cotton – fiber 
to fabric 

MKg 2546 200/kg 509.2 

Jute textile MT 1.06  212 

Paper 
manufacturing 

MT 0.476 100/tonne 71.4 

Nitrogenous 
fertilisers 

MT 2.412 10m3/tonne 36.18 

Phosphate MT 0.415  1.66 

Cement 
industry 

MT 18.5  166.5 

Tanning 
(leather) 

MT  60liters/kg  

Big animal hides MT 8.4 814m3/5500kg 62.16 

Goats/sheep 
skins 

MT 39 
600m3/12000k

g 
19.5 

Blue (fancy) 
skin 

MT 4.2 
110m3/10000k

g 
0.462 

Sugar industry MT 4.33 20 litres/kg 86.6 

Vegetable ghee 
and oil 

MT 1.404   

Thermal mw 12169 80 m3/mw 355.335 

Nuclear  462  788.4 

Cottage 
industry 
estimate 

   150 

Construction 15.4 lb/gallon   40 

Steel – tonnes  1.3 20 m3/tonne 26 

Paints  1.7 5 8.5 

Total    2499.5 

Total – BCM    2.5 

Water requirements of the livestock sector 
The livestock sector has shown a more consistent growth rate of about 3% over the last two 
decades as compared to the crop sector. The latter has grown very inconsistently, with 
years of negative growth and stagnation. Sustainable livelihood support role of the sector 
for small farmers and a lower risk in respect of extreme events gives this sector high 
economic return.     
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Table 9: Projected water requirements of the livestock sector 

 
By maintaining the existing growth rate, the water needs of the livestock are computed for 
the years 2015, 2025 and 2050. See Table 9. Detailed calculations are given in the Annex-4. 
No change in the water use patterns is considered in these calculations. Hence, estimates 
are on the conservative side. Current estimated direct water use by livestock is 1.7 bcm, 
which will increase to 2.35 bcm by 2025 and to 4.9 bcm by 2050.  
 
Figure 18: Temperature versus water intake of cows (UN Food and Agricultural 
Organization (FAO) – 2008) 

 

The temperature and water intakes are strongly related for large animals. Temperature 
versus water intakes for cows and bulls are shown in Figure 21 (based on FAO-2008). Within 
the projected temperature variation range for Pakistan, a 2 degree increase will augment 
the water intake of a large animal by about 4%, and a 4 degree increase will do so by about 
10%. 

Total annual water requirements 
(MCM) 

% 2006 2013 2015 2025 2050 

Annual cows and buffalo water 
requirements 

78.8% 994 1,350 1433 1925 4031 

Annual sheep water requirements 17.6% 222 248 263 354 740 

Annual diversified water 
requirements 

3.3% 42 45 48 65 135 

Annual poultry water requirements 0.2% 3 3 3 5 10 
       

Annual gross livestock water 
requirements – million cubic metres 

100% 1,261 1,647 1,747 2,348 4,916 
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Estimating water requirements of the agriculture sector 
Agriculture is the sector in the country that employs the most people, hosting more than 
40% of the total population. It makes a consistent contribution to the economy, of around 
24% of the national GDP. The most vital role of the sector is the provision of self-
employment and direct livelihood opportunities to nearly half of the population.  
 
Because of the semi-arid conditions in the country, Pakistan has small share of seasonal 
rain-fed agriculture in those regions that have good rainfall or access to fresh groundwater 
aquifers. Socio-economic factors (population, costs and economic returns) place constant 
stress on the sector, leading to crop intensification, a shift to high yield crops, multiple 
cropping and cultivation of maximum land. Agro-climate parameters, like cropping patterns, 
soil conditions and groundwater quality, are long-term drivers of the cropping systems. 
Available water quantities impose a physical upper limit on the expansion of the agriculture 
systems. 
 
Current climate-induced changes are affecting the cropping system of Pakistan in diverse 
ways: 

a. A change in temperature has increased the annual evapotranspiration, which is 
not uniform over the critical crop growth periods and across various agro-climatic 
zones. 

b. A weather shift (still not fully understood) impacts the water stress periods and 
gross crop yields. 

c. Extreme events can cause large-scale crop damage.  

Growth potential of the agriculture sector 
The reported net sown area of Pakistan has become almost stagnant, at around 16 million 
hectares, while the cropped area shows a small annual increase: see Figure 22. The 
availability of water is a key constraint in regard to growth in the sector.    
 
Figure 19: Growth of agriculture areas 1947–2015 

 
 
The Food Security Policy of Pakistan obliges the country to produce grains and edible crops 
at a level higher than the population increase. The agriculture system has a physical 
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potential in terms of agriculture land (see Figure 23). The major challenge, however, will be 
to address water demand and the supply gap in the sector.    
 
Figure 20: Land utilisation 2014 

 

Aridity and crop water requirements 
Pakistan has good empirical knowledge of water applied to crops in different agro-ecological 
zones. Because of weekly schedule of canal supplies, flood irrigation and low conveyance 
efficiencies, diverted/recommended31 quantities are higher than the actual water 
requirements (PCRWR). 
 
Table 10: Potential water requirements of major crop groups – estimates using CROPWAT 
model 

 Crop 
Crop water requirements (CWR) 

range (mm) 
North (temperate) – South (arid) 

Average CWR 
(mm) 

1 Wheat 290    -      520 402 

2 Cotton 587    -    1000 714 

3 Sugarcane 1000  -    1900 1512 

4 Rice 540    -    1156 931 

5 Maize 244    -      450 435 

8 Fruit 900    -     2200 1120 

7 Sorghum 370    -       530 332 

8 Fruit 700    -     2200 1120 

9 Pulses/oil seeds 300    -       500 332 

10 Vegetables/fodder 450    -       650 530 

 
The CWR of the 10 main crop groups are estimated by this study for the full temperature 
range using the CROPWAT model, Table 11. The impact of climate variables (temperature, 

                                                      
31 On-farm management (OFM) normally recommend higher water requirements at the farm level  
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humidity and wind speed) is obvious from the water requirements of key crops like wheat, 
cotton and sugarcane.  

Current water use in agriculture 

Table 11: CWR and estimated water used from different sources32 (BCM) 

Crops / Year 1990 2000 2014–2015 

Area – Mha 20.10 21.02 23.20 

CWR root zone (bcm) 113.81 121.79 136.79 

Total field water Req. 158.06 166.84 182.39 

Rainfall at the farm 28.45 30.03 36.48 

Field irrigation supplies 129.61 136.80 145.91 

Canal diversions 125.46 121.77 127.92 

Other diversions 2.46 3.08 4.31 

Total diversions  127.92 124.85 132.23 

Available farm head 78.31 79.90 84.62 

Groundwater pumped to meet the deficit 49.30 56.90 61.29 

 
Some salient points regarding the current water use pattern for agriculture are as follows: 

1. The water needs of agriculture are gradually increasing. 
2. The rainfall contribution has also increased with an increase in the cropped area and 

higher cultivation of perennial crops. 
3. The canal diversion has an upper limit. These supplies can be lower than the average 

value because of factors like reduced river supplies, low reservoir storage and other 
weather conditions.    

Water balance for the year 2014–15 
A simple water balance for the year 2014–15 is given below in Table 12a. Water balance 
equations are not explained here. The calculations given in the tables are straightforward, 
based on the quantities reported in the sections on water supply and demand. 
 

  

                                                      
32 Estimated using CROPWAT and water balance models. 
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Table 12a: Water balance of Pakistan 2013–14 
Rain and surface water 

National Bureau of Statistics data  

Pakistan total area                       million ha 79.61 

Reported area                               million ha 59.3 

Net area sown by crops               million ha 16.3 

Based on MET data   MAF33 BCM34 

Rainfall – millimetres 256 
 

Available rainfall volume 64 78.72 

Useable rain 
 

48.0 55.2 

IRSA data of surface flows 

River inflows western rivers 134.3 165.2 

River inflows eastern rivers 4.1 5.055 

Total river flows 
 

138.5 170.3 

Canal diversions 
 

107.0 131.6 

Outflow to sea 6.9 8.438 

River losses (inflow - canal diversions - outflow) 24.6 30.23 
 

Table 12b: Water balance of Pakistan 2013–14 
Gross Water Demands  

From Tables 6, 8, 9 and 12  estimations 

Irrigation farm supply 
 

MAF BCM  
Rainfall 

 
20.9 25.7  

Canal 
  

68.5 84.25  
Groundwater 

 
49.6 61.02      

Gross water uses 
  

MAF BCM  
Agriculture consumption 111.2 136.8  
Domestic and municipal 9.3 11.44  
Industry and infrastructure 3.0 3.69  
Forest, ecology 5.1 6.32  
Gross uses 128.6 158.2 

Non-beneficial and unaccounted evapotranspiration(NBET) 28.5 35.09 

 
  

                                                      
33 Million Acre Feet 
34 Billion Cubic Meters 



 

45 

Table 12c: Water balance of Pakistan 2013–14 
Groundwater balance 

Groundwater balance   
MAF BCM  

Total groundwater discharge 67.9 83.49  
Total recharge 65.8 80.99   

Rain 12.0 14.76   
Irrigation 28.5 35.05   
Rivers 17.2 21.16   
From pumped groundwater 8.1 10.02  

Aquifer balance -2.0 -2.5 
 

Brief remarks on the water balance: 
1. 2014–15 has been a year of good scattered rainfall across the basin. Gross river 

inflows were about 10 MAF less than the average, but canal diversions were higher 
than the average. 

2. Still, direct diversion from the river system provided only 50% of the demand at the 
farm level. Overall rainfall contribution is estimated at more than 15%. However, 
actual rainfall availability can have a strong spatial bias, with limited availability in 
some regions and substantial runoff in others. 

3. Surface diversions at the source level are 20% less than the total water demand. 
4. Estimated groundwater discharge is heavy: in the range of 68 MAF. The huge river 

losses (24 MAF) and limited water available during winter justified this pumpage. 
The groundwater recharge is also heavy, at about 68 MAF. In addition to heavy river 
losses, rainfall provides 12 MAF aquifer recharge. 

5. Flows downstream of Kotri during the year were only one-sixth of the average 
annual level. 

Water demand based on proxy of planned investments in different sectors 
In order to correlate planned development with future water needs a good proxy indicator 
is how Pakistan envisions future sectoral growth. One indication is the government’s 
planned investments.35 A long-term vision of sector resource requirements is provided 
below, based on the Economic Survey of Pakistan. 
  

                                                      
35 See Pakistan Water Partnership (2015). ‘Country Status Paper on Climate Resilient Development’. Pakistan 
Water Partnership. Islamabad. 
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Table 13: Projected long term investments in Pakistan by sector  
 

Sector-Specific Investment Requirement 2010 prices (Rs. Billion) 
 

Sectors 2010 2010 …2049 2050 

Agriculture 191.3 154 4403 4753 

Mining 144.5 117 3326 3590 

Manufacturing 356.7 288 8210 8863 

Construction 44.1 36 1015 1096 

Electricity and Gas 81.1 65 1867 2015 

Transport and Communications 370 299 8516 9193 

Services 595 480 13690 14778 

Total Investment 1782 1439 41027 44288 

Investment to GDP Ratio 12 9.5 24.5 24.7 

Total GDP Rs (Billion) 14668 15079 167474 179593 

Total GDO Growth 4.1 2.8 7.2 7.2 

ICOR 3.4 3.4 3.4 3.4 
* For 2010 source is economic survey of Pakistan 

 
These sectoral financial requirements should be taken as a guideline for future investment 
in different sectors, and consequently the required water demand in each sector.  

Circulation model projections for Pakistan under different scenarios 
CMs or Global CMs have been used both by the Global Impact Studies Center (Islamabad) 
and by the Pakistan Meteorological Department. These have essentially downscaled the 
IPCC data to reflect the situation in Pakistan. Work after AR5 as it starts to assemble 
information for AR 6 is continuing. A synthesis of these findings is provided in Winston Yu et 
al. In this section we summarise the two main scenarios and draw out the implications for 
water demand accordingly. Based on 17 GCMs the downscaled version of models 
synthesises results for northern and southern Pakistan. The findings project data for 
temperature and precipitation for the two regions.  
 
Table 14: Ensemble mean of climate change projections based on IPCC AR4 using 17 GCMs 
and the A2 SRES 

Area 2020s 2050s 2080s 

 Temperature change (°C) 

Northern Pakistan 1.4 ±0.1 0.1 2.7 ± 0.2 4.7 ± 0.2 

Southern Pakistan 1.3 ±0.1 0.1 2.4 ± 0.1 4.2 ± 0.2 

 Precipitation change (%) 

Northern Pakistan 2.2 ±2.3 3.6 ±3.2 1.1 ± 4.0 

Southern Pakistan 3.1 ±5.1 6.4 ± 7.5 4.3 ± 9.4 
Note:  IPCC-AR4 = Inter-governmental Panel on Climate Change Fourth Assessment Report. 
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Table 15:  Ensemble mean of climate change projections based on IPCC-AR4 using 17 
GCMs and the A1B SRES 

Area 2020s 2050s 2080s 

 Temperature change (°C) 

Northern Pakistan 1.6 ± 0.1 3.0 ± 0.2 4.1 ± 0.2 

Southern Pakistan 1.4 ± 0.1 2.6 ± 0.1 3.7 ± 0.2 

 Precipitation change (%) 

Northern Pakistan –0.7 ± 1.5 –1.8 ± 2.2 –0.7 ± 3.1 

Southern Pakistan –3.2 ± 4.3 –0.3 ± 5.5 –0.9 ± 7.9 
Source: GCISC. Cited in Indus Basin of Pakistan, 2013 
Note:  IPCC-AR4 = Inter-governmental Panel on Climate Change Fourth Assessment Report. 

 
Table 16:   Projected summer (JJAs) changes using 17 GCMs 

Source: GCISC. Cited in Indus Basin of Pakistan, 2013 
Note: JJAS = June, July, August, and September. 

 
Table 17:  Projected winter (on DJ) changes using 17 GCMs  

 A2 A1B 

Scenario/area 2020s 2050s 2020s 2050s 

 Temperature change  (°C) 

Northern Pakistan 1.5 ± 0.1 2.8 ± 0.2 1.7 ± 0.1 3.0 ± 0.2 
Southern Pakistan 1.4 ± 0.1 2.6 ± 0.1 1.6 ± 0.1 2.8 ± 0.1 

 Precipitation change (%) 

Northern Pakistan –0.7 ± 2.3 0.7 ± 3.2 –2.6 ± 1.9 –4.7 ± 2.6 

Southern Pakistan –7.5 ± 6.1 –12.9 ± 6.8 –16.1 ± 4.7 –9.9 ± 7.3 
Source: GCISC. Cited in Indus Basin of Pakistan, 2013 
Note: ONDJ = October, November, December, and January.  

 
  

 A2 A1B 

Scenario/area 2020s 2050s 2020s 2050s 

 Temperature change  (°C) 

Northern Pakistan 1.3 ± 0.1 2.6 ± 0.2 1.5 ± 0.1 2.9 ± 0.2 

Southern Pakistan 1.1 ± 0.1 2.2 ± 0.2 1.2 ± 0.1 2.4 ± 0.2 

 Precipitation change (%) 

Northern Pakistan 5.5 ± 3.7 7.6 ± 6.5 1.3 ± 3.0 1.8 ± 4.7 

Southern Pakistan 12.5 ± 9.8 42.2 ± 27.0 11.2 ± 11.0 24.1 ± 18.1 
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Table 18:  Ensemble mean of climate change projections for the Upper Indus Basin based 
on IPCC-AR4, using 17 GCMs and the A2 SRES 

 2020s 2050s 2080s 

A2 Scenario 

Temperature changes 1.48 ± 0.12 2.84 ± 0.17 4.84 ± 0.24 

Precipitation changes 0.60 ± 1.55 2.47 ± 1.82 1.84 ± 2.36 

A1B 

Temperature changes 1.63 ± 0.11 3.10 ± 0.21 4.36 ± 0.31 

Precipitation changes –0.15 ± 1.04 0.28 ± 1.60 2.08 ± 2.26 
 Source: GCISC. Cited Indus Basin of Pakistan 

What do these scenarios mean? 
The A2 scenario assumes that emissions will continue at the present level, that current 
population growth will be maintained and that world economies will remain differentiated. 
Another scenario, A1B, is a balanced one, assuming that there will be reduced emissions, 
low population growth rate and convergent economies. As regards the scenario for 
Pakistan, the downscaling allows us to summarise the information given in the tables above: 
 

 Temperature rise in the northern areas by 2020 is projected to be 1.4+/-; it is 
projected to be 2.7+/- by 2050. Likewise, for southern areas the temperature rise is 
projected to be 2.7 +/- degrees by 2020 and 2.4 degrees by 2050. 

 Similarly, precipitation increases in northern areas and rising temperature trends will 
impact all sectors: in particular, agriculture. The study points to the impacts of 
different degrees of temperature change on total water requirements, which may 
rise by worrying levels. The study suggests that if the temperature were to rise by 3 
degrees and precipitation were reduced by 20%, 10% and no change from base, 48.6 
MAF, 53 MAF and 58.2 MAF changes would be seen in Indus River flows for these 
scenarios.  

 
While more research is likely to further refine these results the trends are becoming clearer 
and are in line with AR-5 2014 report findings that clearly link CO2 emission rates to higher 
temperatures and impacts on precipitation, as global warming takes place. 

Water demand by sector, based on estimation and secondary sources 
Water demand for 1 and 3 degree Celsius increases in temperature are estimated in Table 
15. A 1 degree average increase in temperature increases agricultural water requirements 
by about 5% by 2050, while a 3+ degrees change in temperature increases crop demand by 
6% by 2025 and 12–15% by 2050.  
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Table 19:  Accumulated sector-wise water demand in bcm, 2015, 2025, 2050 
1oC increase in temperature 
 

Water demand by sector  Without climate change 
 
 

Climate change, 1oC 
 
                

Climate change, 3oC 
 
                

 2015           2025         2050 2025 2050 2025 2050 

Agriculture (crops and 
livestock)            

138                     150 172 154.24                   182.4 158.84          196.5 

Domestic/municipal (drinking, 
sanitation, urban services & 
business) 

9.3         12.7             30.5 12.8                         31 13.34              32.94 

Industry  3            4.0                8.5 4.23                         9.5 4.5                   10.5   

Environment 11          12.0              14.0 12.3                       14.5                 12.5                15 

Social development*  1.5            2                   3   2.5                          4.5 3                      6 

CPEC* 0.25         1.5              1.8   1.8                        2.25 2.4                   3 

Gross demand – MAF (bcm)    187.8                             236   194.5             263.6 

*Author’s estimates 

 

Figure 21: Climate change impact on gross water demand – years 2025 and 2050 
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Figure 22: Projected per capita water availability at the national level 1960-2050  

 
Per capita water availability is dominantly influenced by the population increase. A declining 
trend as population increases continue to bring water resources down to about 800 cubic 
meters per person by the year 2050, based on 223 bcm gross water availability by Food and 
Agriculture Organisation (FAO). The difference in estimated renewable water resources of 
Pakistan by two major sources is in the range of 44 bcm (Figure 25), which makes a 
difference of 100 cubic meters per person in water availability.   

Best projections for future water demand under two climate change scenarios 
The table shows the sector-wise demand under normal growth scenarios, projected to 2025 
and 2050. The gap from the base continues to widen as Pakistan moves into a pre-
industrialised base, with water demand rising from 131 MAF in 2015 to a total demand of 
145.1 MAF in 2050 and 182.75 in 2050. Likewise, projected impacts based on the three 
scenarios, A2, A1B and B2; show a much higher demand for water due to reduced 
precipitation and overall rise in temperature both in the northern and southern regions of 
Pakistan. 
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Table 20: Water requirements for normal growth (low population growth) and climate 
change scenario proposed by Framework for Action (0.28Co to 1.2 Co increase) 

Year Municip
al/dom
estic 

Indus
trial 

Agric
ulture 

Live
stoc
k 

Ecolo
gy/for
est 

Envir
onm
ental 
flow
s 

Total water 
demand 

All quantities in BCM BCM MAF 

Normal growth scenario 

2015 9.3 3 136.8 1.74 6.32 5 162.2 131.83 

2025 12.70 4.03 147.4 2.35 6.98 5 178.5 145.10 

2050 30.50 8.44 167 4.90 8.95 5 224.8 182.75 

Scenario A2 

2025 12.76 4.23 151.8 2.41 7.18 5 183.4 149.13 

2050 30.96 9.45 177.0 5.39 9.48 5 237.3 192.92 

Scenario A1B 

2025 12.75 4.19 150.1 2.40 7.12 5 181.8 147.82 

2050 30.81 9.29 175.3 5.29 9.39 5 235.1 191.15 

Scenario B2 

2025 12.73 4.07 148. 
9 

2.40 7.05 5 180.1 146.44 

2050 30.65 8.86 170.3 5.15 9.12 5 229.1 186.27 
 

The climate change impacts on water demand can also be appreciated from the graph in 
Figure 25, which shows an increasing trend for water demand due to climate change. 
 
According to a projection made based on IPCC 2007, now further refined in 2015 based on 
AR-5, the GCM-based models predict future effects of temperature on yield (see Rasul et 
al.). According to global climate change projections based on GCMs, the temperature of the 
Earth’s surface is most likely to increase by at least 4⁰C by the end of the 21st century. In 
Pakistan, the temperature increase is expected to be even higher than the global average, 
i.e. 5⁰C. In the figure below, the temperature increase under different greenhouse gas 
emission scenarios is illustrated, up to the end of this century. The set of scenarios named 
A2 assumes that emissions will continue at the present level, current population growth will 
be maintained and world economies will remain differentiated. Another set, A1B, is a 
balanced one, with an assumption of reduced emissions, a low population growth rate and 
convergent economies. B1 assumes an ideal world, which it seems will be impossible to 
realise.  
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Figure 23: Temperature scenarios for the 21st century, projection for Pakistan – supporting 
data of IPCC 2007   

 
 

Under the prevailing circumstances the A2 scenarios are the most acceptable set of 
projections for the future. The first decade of the 21st century has now passed. The model 
predicted a 1⁰C temperature in Pakistan. This proved almost correct, as the low elevation 
plains experienced a rise of 0.9⁰C, while the northern mountains suffered an increase of 
about 1.5⁰C. During the first half century rise is relatively slow, but the latter half is showing 
a marked increase in temperature. 
 
Recent predictions of an end temperature rise in northern areas of 6 to 7 degrees, and in 
mid to lower parts of Pakistan a 5 to 6 degrees rise, suggest that temperature rises will have 
negative consequences for crop yields and will produce a significant demand for additional 
water to arrest declining crop yields (Authors’ discussion with Pakistan Meteorological 
Department staff, 2015).  

Stakeholder viewpoints regarding specific climate change impacts and water 
sector demand at provincial level, and future expectations 
The study team undertook stakeholder consultations both in the form of stakeholder 
meetings and individually. A list of the stakeholders met with is provided as Annex 5. 
Significant province-wise findings are provided below: 

1. Baluchistan 
 Being located in the driest zone in Pakistan and containing over 44% of the national 

area, Baluchistan is rightly termed the most water stressed province of Pakistan. The 
hyper aridity of Baluchistan’s weather while recognised is seldom a basis for efficient 
water use. 

 This water stress is witnessed despite the fact that the province has a sparse 
population, which is widely spread across the province, and so many civic amenities 
have not been developed due to the exorbitant cost of providing water and 
sanitation facilities. The large tracts of land house more that 60% of Pakistan’s small 
ruminant livestock and the rural economy depends primarily on livestock. Water 
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requirements for this sector require special consideration and are often ignored in 
calculations. 

 Quetta city is facing extreme water shortages and over-exploitation of the aquifer. 
During the past decade there has been large in-migration of the population due to 
the prevailing law and order situation and low intensity insurgency. Likewise, there 
has been some out-migration, particularly of the Hazara and Punjabi community, as 
a result of sectarian tension. The overall impact has been that the population of 
Quetta far exceeds its holding capacity. This has put severe constraints on drinking 
water supplies. The aquifer is over-mined and many analysts feel that it is only a 
matter of time before Quetta faces water shortages that will lead to a major exodus 
of the population. 

 The majority of past droughts in Pakistan have affected Quetta. Meteorological 
predictions for this region suggest that Baluchistan will bear the brunt of lessened 
precipitation and a rise in temperature. 

 Development of new cities like Gwadar and the impact of the CPEC will influence 
water demand in this area. Fresh water resources around the coastal belt are limited 
and planned projects like Hub Dam are still slow moving. 

 Certain areas of Baluchistan are susceptible to widespread flooding. However, there 
is no plan in place to capture this resource. A new project for the construction of 
small dams is under consideration by the government and tender documents were 
issued in 2015. There are ample opportunities for check dams and rain water 
harvesting in some of the reaches. 

 A flat rate electricity policy is having deleterious consequences for the province, 
especially since electric pumps are used in Pishin and Qila Saifullah, where high delta 
crops, fruits and vegetables are grown, often using flood irrigation. 

 Baluchi farmers are responding to the shortages of water by substituting crops: e.g. 
apple production is going down and grapes are being brought back. Livestock fodder 
production is on the rise. All this has implications for water demand. Yield and 
production of crops are being negatively impacted due to reduced water supplies 
and tunnel farming. Water conservation techniques are being introduced and 
adopted, but at a slower rate than needed. 

 Trucking in water is now common and these hydrants are charging high prices. This is 
giving the population a general feeling of water insecurity in several key spots like 
Quetta and Gwader etc. In other areas the water quality is extremely poor, to 
outright brackish. Demand for water tends to increase with rising temperatures, 
both for humans and livestock. 

 While Baluchistan is currently not an industrialised province it has ambitions to 
expand industry given its ample supply of energy. Its mining industry is on the rise 
and several foreign collaborations have been formed to undertake bilateral projects. 
Gwadar port provides an ideal setting for industry to manufacture and export. 
Industrial demand for water will rise and it is planned that most of it will be met 
from surface water resources. 

 The environmental requirements of water are likely to rise as more water is needed 
for forestry and rangeland rehabilitation. The massive cutting of juniper forests for 
fire wood and climate changes in the protected, non-protected and private forest 
areas require a major rehabilitation effort. This will increase the demand for water. 
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Environment-hit refugees can no longer earn sustainable livelihood if these 
resources vanish. 

 Baluchistan has a low level of literacy, infrastructure, education and social 
development. Investments in these areas will increase the demand for water, as civic 
amenities are installed. At present, planning is done with due consideration that it 
will also require water, and planning involves considering where such water will 
come from.   

 

 
Stakeholder meeting held at Hisaar, Karachi 2015 

2. Sindh 
 Sindh faces climate challenges in the form of sea level rise, heat waves, drought and 

floods. Given its coastal and dryland ecology it has diverse agriculture. The province 
is also home to the industrial and financial hub of Pakistan. Any ramifications of 
climate change felt in Karachi are transmitted in the form of changes in GDP, 
employment, and input–output demand across the nation. 

 Sindh relies on surface and ground water supplies. Whereas the quality of ground 
water is saline, mixing it with canal water makes it suitable for agriculture and 
livestock production. Almost 78% of ground water in Sindh is saline.  Climate change 
is impacting water flows. The flood season takes a toll on the economy, as witnessed 
in 2010 and 2011, while parts of Sindh (particularly Tharparkar) are subject to 
droughts that are increasing in intensity. 

 Karachi, the largest city in Pakistan, faces unique challenges due to climate change. 
Its fresh water supplies are limited and its water woes are now turning into violent 
conflicts. The industrial supplies rely on ground water abstraction while industries 
along the Indus River depend on the river water. The level of pollution is high and 
the river quality is deteriorating day by day.  

 There is mushrooming population growth in Karachi but no one really knows the 
actual population of the city. Likewise, the development of new cities (e.g. Benazir 
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Abad) and unprecedented growth in the housing sector now require special 
arrangements for water delivery, often taxing public water supplies and resulting in 
water load shedding similar to that seen in the power supply sector. This demand for 
water for industrial and economic development is likely to rise in the future, but 
there has been little discussion regarding how it should be satisfied. 

 Despite having a large coastline, no water purification facilities, such as de-
salinisation of sea water, have been installed in Sind. The small solar powered water 
filtration plants that exist are showing mixed results due to a lack of maintenance 
and high initial investments. 

 The government is not serious about rain water harvesting, small dams, or the 
incorporation of climate research into planning etc. If rain water is properly 
harvested Karachi’s water supply could be managed.  

 Karachi’s water supply is 1,100 million gallons/day. It is budgeted at the rate of 54 
gallons/capita/day. The Karachi Water Board carried out a recent study to project 
future water demand based on assumptions of the temperature rise in the future 
and is planning for up to 2060. 

 Cyclones and other challenging weather events emerging in the Arabian Sea are 
worrisome for Sindh, and particularly for residents of the Indus delta, with increased 
frequency of cyclones and hurricanes. 

 Food security will become an issue as a result of climate change. In Sindh almost 1.2 
million acres are not being cultivated due to a lack of water. 

 There is a need to provide water to Umerkot and Tharparkar just to sustain the 
population and livestock in the desert. Tharparkar needs 1,200 cubic meter per 
second (cusec) There has previously been temporary migration, but now people are 
trying to settle in the bund area or are moving into urban centres.  

 Land use is changing but since over-investment in the sugar industry has taken place 
it has become necessary to grow sugarcane, out of compulsion and not from choice. 

 How future water demand will be met is closely linked to what type of infrastructure 
Sindh has in place. Many past mistakes have taken place, which have proven costly. 

 A recent heat wave forced the population to think about demand for water for 
environmental use. There is a large push for tree plantation in Karachi that has 
turned in to heat Island. 

 One stakeholder stated that for a 1 degree increase in temperature demand for 
water in Sindh will go up by 7 MAF; for a 2 degree rise it will go up by 12 MAF; and 
for a 3 degree rise it will increase by 22 MAF.  
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Stakeholder meeting in Hisaar office, Karachi, 2015 

3. KPK 
 KPK is home to the major water resources of Pakistan, with the Indus and Kabul 

rivers passing though the province. It also houses major power infrastructure. 

 Numerous water streams, rivers, canals and ample rainfall allow agriculture and 
economic growth; water has seldom been considered a constraint. 

 The new billion trees (Tsunami) project is an ambitious endeavour by the 
government to plant over a billion trees. It is claimed that the project will make KPK 
emission free by 2018. However, no consideration has been given to the water 
requirements of this huge tree cover. The assumption that it will be in the water 
shed areas and will rely on rainfall is rather farfetched, as noted by several 
stakeholders. 

 Micro-hydro energy generation has been planned, at 625 MW for 2011–2020, and by 
2020 onwards it is expected that micro-hydro energy will be around 1418 MW. 
However, this assumes a regular flow of water, based on historical patterns. Some 
stakeholders questioned this assumption, suggesting a failure to take into account 
the impacts of climate change. 
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 KPK has been marred by the events of the ‘War on Terror’, which has created a 
variety of temporary population shifts. Water planning for these populations has 
been as erratic as the emergency movement of these populations. 

 The Afghan refugee population of over 2 million that has settled in KPK is now felt to 
be a strain on the economy, and especially on its water resources. Besides creating 
major environmental disturbance, the extra water resources required for this 
population were never planned. 

 Industrial demand for water has grown slowly. However, as the security situation 
improves and industry revives industrial demand will rise sharply. 

 The main segment of the CPEC linking China with Pakistan will run through KPK in 
mountainous zones, and also in the dry zones of KPK. This will change the water 
demand dynamics in these areas. 

4. Punjab 
 Punjab is the main agricultural province in Pakistan and also the most populous. Its 

water demand needs are in the areas of agriculture, drinking water, industry, social 
development/infrastructure, environment and power generation. 

 There are major issues with crop water use. In the absence of any regulation Punjab 
faces misuse of irrigation water, which is time based, with well laid out rules of 
warabandi (fixed weekly time allocations) and not demand-based. 

 Water pricing or lack of it results in water being wasted in almost all sectors. 

 There are seasonal increases in water demand due to shifting climatic patterns. Now 
the summer months are getting extremely hot each year and demand for crop and 
domestic water use is on the rise. 

 Crops have to be watered more frequently as temperatures rise. This both raises the 
cost of water and results in scarcities, leading farmers to over-exploit ground water. 

 Pakistan’s surface water resources have gradually been declining. Data from 1922 
onwards shows that earlier flows were around 152 MAF but more recent flows have 
dropped as low as 137 MAF. The quoted figure of 141 by IRSA is an anomaly. Climate 
change will have serious consequences for water availability. 

 India is mining Pakistan’s underground water along the border, due to its flat rate on 
electricity. This has created an emergency situation for crop and livestock growers 
around Lahore. 

 Summer temperatures are falling and winter temperatures are rising in the upper 
reaches of the Indus, with impacts on river flows. There is a rapid decline in snow 
cover in the middle reaches.  

 Demand should be estimated with close proxy of population. Since we keep dividing 
the total water available by the population we create an illusion that water is 
declining. In fact, this per capita basis calculation is then true for all resources and all 
resources on per capita basis will decline as population rises.  

 Pakistan’s research institutions are very clear. The IWMI study of over 27 irrigation 
systems clearly shows that climate change is taking a toll on agriculture, that water 
demand is increasing, that scheduling of water requirements is changing, that more 
areas are being left fallow in Punjab, and that people are moving away from crops 
like cotton and sugarcane because of issues regarding profitability and heavy water 
requirements. Cotton has been hit by pests that have negatively affected the 
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genetically modified Bt cotton seed that has much higher water requirements 36and 
is sensitive to temperature extremes.  

 The increase in the urban population and major construction activities around urban 
and peri-urban centres will have an impact on surrounding agriculture and 
underground water resources will be under stress in the coming two decades.  

 The power sector is another emerging user of extra water. The case of the Manipur 
power project and several others that are upcoming can be considered in this 
regard. The question arises, where should extra irrigation water be diverted? Recent 
discussion in 2015 after the orders of Chief Minister of Punjab to immediately 
arrange for water has put the Irrigation Department under pressure. From where 
does one divert already historical allocation of irrigation water that itself is facing 
serious seasonal shortage? Punjab has not considered that power generation will 
require extra water, with seasonal demands during peak and lean periods of water 
supply. 

 Unless Punjab moves into less intensive crops, rationalises its cropping pattern and 
rotation and takes into account international grain market trends, and gives 
attention to the virtual water content of water, it is unlikely to make rational choices 
regarding the allocation of water and substitutions of water from agriculture to 
other sectors, and it may be unable to provide food security to its emerging 
population. 

 We need climate-smart policies and bulk metering of water. As no one knows how 
much water is being used we assume that it is a free good for all to enjoy as long as it 
lasts.  

 Water pollution is a major problem in many districts of Punjab. Agriculture and 
industrial pollution has left water unfit for drinking. So while looking at demand 
adequate attention must be given to the quality of water. The Ravi River is a classic 
example. The Ravi group, in its findings, has advised the government to arrange for 
fresh water by using biotechnology like pollutant eating bacteria/fungi and ensuring 
pollutants and solid waste are not flushed into Ravi River. Unless this is done Ravi 
will continue to be the dump of Lahore, with negative impacts on the health of 
people and the surrounding agriculture in Lahore and its outskirts. 

 Arsenic is now becoming a major problem as populations extract water from deeper 
depth. The Lahore underground aquifer is over-exploited and has moved to the 
centre. This requires deeper and deeper drilling to extract water. As a result the cost 
of water will increase and multiple user conflicts are likely to arise. A case in point is 
Nestlé bottled water.  

Summary of findings   
 The review of the literature, stakeholder consultations, our own analysis and 

projections allow us to draw some preliminary conclusions, in line with the study 
TOR. 

 Demand can be summarised into three main sectors and two additional sectors. The 
traditional trichotomy has been water use in agriculture, domestic use (drinking 
water and sanitation) and industry. In the case of Pakistan there are the additional 
categories of environmental flows and social development. While no comparison of 

                                                      
36 http://www.cicr.org.in/pdf/bt_book_kranthi.pdf 
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these latter categories is possible, as data on them are not collected and the 
literature does not provide such a categorisation, they are emerging sectors, for 
which special allocations should be recognised. 

 Water demand is closely related to the growth in the population, which shows a 
steady upwards trend. The projected population for 2050 is 318 million under a 
normal growth scenario and 390 million under a high population growth scenario. 

 The present share of water use for agriculture (the most dominant sector) is 111.21 
MAF; this accounts for around 92% of total water use. This share is likely to decline 
as water availability is reduced due to climate change. Based on current temperature 
and precipitation projections Pakistan will face water shortages and increased 
demand for water to grow crops and to sustain its agriculture. The projected 
demand for agricultural water in 2025 is 119.85 MAF; for 2050 it is 135.76 MAF. The 
gap between present water availability and future availability has clear implications 
for agriculture in terms of cropping patterns, rotations and water needs under 
different systems of irrigation like drip, bubbler, and sprinkler and raised bed 
farming. Without marked investment in irrigation efficiency improvement and water 
conservation technologies, continuing with the present day level of agriculture will 
be difficult. 

 Municipal/domestic water demand will increase from the present 7.56 MAF to 10.37 
MAF by 2025 and to 32.49 MAF by 2050. This extra water allocation will most likely 
be substituted from agriculture water, as a higher priority will have to be given to 
water for drinking and civic requirements.  While a Water Policy is currently being 
developed and is likely to be finalised by the end of 2015, how this policy will accord 
priority between shifting demands remains to be seen.  

 It is assumed that water use for industry will grow at a rather constant rate, despite 
the fact that the industrial sector is being held up primarily due to a lack of energy 
and widespread load shedding. Given present investment in the energy sector and 
the desire of the government to ensure the un-interrupted provision of electricity 
from multiple sources Pakistan is poised to rejuvenate its industrial sector. This will 
have a direct impact on the demand for water, especially for underground water. 
While demand will increase in the existing industrial mega cities (e.g. Karachi, 
Lahore, Fasialabad, Gujranwala, and Sialkot) it will also impact the planned industrial 
zones, where new units are being planned for the next two decades. As the 
electricity situation improves much of the industry that has currently shifted to 
Bangladesh and South Africa could come back to Pakistan. The water required for 
these industries will put great pressure on ground water abstraction and will 
compete with other civic uses. Much of the water pollution generated by these 
industries will also impact the Indus River system, where traditionally most effluence 
is dumped. This system also carries the agriculture (pesticide, insecticide, herbicides) 
load.  Based on a review of various growth estimates and investment plans by the 
government under its 2030 vision we estimate industrial water requirements in 2025 
to be in the tune of 3.28 MAF and in 2050 to rise to 6.82 MAF. If this scenario is 
combined with the effects of CPEC this rise could be even higher. 

 Pakistan, in its 1991 accord, recommended a comprehensive study to estimate 
environmental flows for the River Indus to rectify 10 MAF annual demand of Sindh 
Province. In fact, there is continuing conflict regarding estimation and allocation of 
environmental flows. A World Bank-supported study sought provincial viewpoints on 
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maintaining river health and proposed an enhanced allocation. These 
recommendations have not, however, been implemented. As several major floods 
have occurred there has been little attention paid by the provinces to the issue of 
water availability. However, as a period of drought sets in and greater variability is 
noticed in river flows the demand for maintaining adequate flows for river health will 
become more pronounced. In our estimates by 2025 5 MAF will be needed for 
environment flows, while by 2050 environmental flows could rise to 7.5 MAF but 
realistically unlikely to change from the 5 MAF as pressure mounts amongst 
competing users due to climate changes and reduced river flows to maintain 
historical levels of allocation. Reduced environmental flows consequently affect 
water quality, temperature, sediment movement and deposition, fish and wildlife, 
and consequently the livelihoods of people who depend on healthy river 
ecosystems. Environmental flows seek to maintain these river functions while at the 
same time providing for traditional offstream benefits. As temperatures rise the 
demand to make more water available in the river system will increase, as projected 
under the two climate change scenarios for Pakistan. 

 Two emerging sectors are the future demands of the US $ 46 billion programme 
under the CPEC initiative and the widespread infrastructure development being 
undertaken to make the transition from a rural-based to an urban-based economy. It 
is estimated that by 2035 more than 60% of Pakistan’s population will reside in 
urban or peri-urban settings. An urban lifestyle involves much higher water demands 
that that in a rural setting. When the CPEC corridor is combined with extra water for 
social development such allocations could exceed 2 MAF in 2025 and 3.5 MAF by 
2050, at conservative levels. 

 
Figure 24:Map Showing Routing of China Pakistan Economic Corridor  
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 Water requirements will change in the nine agro-ecological zones. The southern 
zones will see population migration trends as people move to higher elevations in 
search of milder temperatures. Those choosing to continue to reside in the zones 
where the temperatures will rise from 3 to 4.5 degrees will find water demand rising 
just to sustain health and economic activity. In the northern zones, which will see 
higher temperatures by up to 5.5 degrees, and in the highest elevations as high as 7 
degrees (as per current modelling work being undertaken by the Pakistan 
Meteorological Department) populations will engage in valley agriculture and it can 
be postulated there will be some shifts in populations, though not on a massive 
scale. In Pakistan’s upper and central plains precipitation is projected to be higher 
and so are medium range increases in temperature: maintaining yields and 
continuing with crop, vegetable and fruit agriculture will thus require more water. 
Models and work carried out by Pakistan Meteorological Department suggests that 
CWR will increase by 11%, 19% and 29%, for respective temperature rises of 1, 2 and 
3 degrees. 

 The aggregate demand for water under the two climatic change scenarios A1 and 
A1B projected by IPCC are in line with what is expected in Pakistan and what is 
elaborated in the 2014 AR-5 report.  We estimate that for the two scenarios 
aggregate water demand for all sectors will be 149.13 MAF in 2025 and 192.92 MAF 
in 2050 under A1, and 147.82 MAF in 2025 and 191.15 MAF under scenario A1B. 
Present overall water availability according to this study’s water balance is 184 MAF. 
Thus there will be a clear shortfall and marked exploitation of the aquifer in all 
provinces of Pakistan.  Regulating such excessive water demands will require rapid 
investment in storage infrastructure, a responsive governance apparatus, and an 
adequate institutional framework, with special attention to water rights, markets 
rights and entitlements.  

 While there are anomalies in the data, and at times diverging conclusions have been 
drawn by different studies on the water resources and demands in Pakistan, the 
corroborative evidence provided by the different stakeholders suggests there is an 
overall understanding of the issues, an aspiration to put in place a well-planned out 
response, a recognition of global warming as a threat for this and for future 
generations, and, finally, a desire to see reasoned action by government and civil 
society to address the water scenarios that are emerging for Pakistan.  

Climate change will alter the water dynamics in Pakistan. Left unattended it could have 
disastrous consequences, leading to widespread poverty, conflict and loss of economic welfare. 
It will also slow down the engine of growth. It thus requires a planned, urgent and targeted 
response. 
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Chapter 4: Policy implications and strategy  
 
This desk study has been concerned with water demand in different sectors in Pakistan, and 
was based on a literature review and assessments of emerging development sectors 
announced by the Planning Commission of Pakistan. We have focused on highlighting 
demand from traditional uses, while further incorporating upcoming sectors like 
environmental flows, social development and exogenous investments, such as the CPEC. 
Much of the projections are based on standard methodologies, with special attention given 
to population growth, which is the single most important determinant of future water 
requirements. 
 
While noting the impact of climate change on water demand we have looked into various 
studies that try to base analysis on assumptions of future impacts of global warming and 
other climate changes on water use. Since agriculture is the main user of water worldwide 
one relationship clearly emerges when looking into the development paths of developing vs. 
developed countries and the transition process: as countries develop they tend to move 
labour out of agriculture, use modern technologies in agriculture, and generally water use 
declines as they transition from traditional agriculture to modern agriculture. Pakistan is 
struggling with this development and has to rationalise its agricultural water use, which is 
around 87% presently, to move to a more realistic  lowered water use target of 80%–85% in 
the coming decades. Pressures from other uses, like social development e-flows and 
exogenous investment injection led projects like the CPEC will require shifting water 
resources to these newer sectors as water demand increases 
 
Figure 25: Competing water uses in three sectors amongst different income countries  

 
 
The realisation of Pakistan’s ambition to achieve higher growth rates will be closely tied to 
how its industry and services sectors respond to the challenge. While agriculture employs 
more than 45% of the labour force the relative share of agriculture in Pakistan’s GDP has 
declined to 22% in 2015. This does not mean that agriculture is on the wane, but simply 
reflects societal preferences for accelerated development paths as being followed by China 
and India. Aspiring for such high growth rates change the very economic base and have 
direct implications for development and for water requirements. 
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The mere fact that populations are rapidly moving to urban and peri-urban centres implies 
that demand for piped water will rise rapidly, and so will the average water use per 
household. People in cities normally use more municipal water than those residing in rural 
areas. Likewise, as incomes rise water use for lawns, car washing, tree watering, gardening 
etc. will also rise. Surprisingly, in an arid country like Pakistan, urban centres desire large-
scale landscaping, being oblivious to the fact that grass and poorly planned green cover 
requires large chunks of the urban water supply. Most of this supply is fresh surface or 
ground water: there is little or no provision of recycled water. Unless checked with judicious 
policy instruments, like water metering and pricing, urban populations consider this a luxury 
that should be indulged in unabated. At the other extreme even drinking water is in short 
supply and populations residing in places like Karachi do away with trees and natural cover 
altogether. Thus turns such mega metropolises into heat islands, overburdened with 
infrastructure. In the recent June 2015 heat wave the population was without water and 
power and over 2,000 people died. Such events will occur with greater frequency and 
traditional droughts and floods will be supplemented with more unusual occurrences like 
cyclones, heat waves, hail storms, tornadoes, sea rise and GOLF etc. In each agro-ecological 
zone in the country such events will have particular ramifications. 
 
Thus, policy has to broadly consider the major agro-ecological zones: what is likely to 
happen within each zone as water becomes short in supply and costly? Besides making 
changes in land use the urban centres in each zone will have to respond according to the 
special physical, biological, climatic and economic environment in which water is to be used. 
Thus, policy-making will have to focus on each agro-ecological zone. Water planning, while 
best done through integrated water resource management that pursues equity, efficiency 
and sustainability, will require inputs from all those concerned with the economic life of 
each zone. Water decisions become provincial decisions once the allocated water share 
enters the provincial boundaries. This is the essence of the apportionment accord of 1991 
and the 18th amendment, which gives greater autonomy for decision-making and resource 
use. Thus, strengthening provincial-, district- and tehsil-level water management is a pre-
requisite for starting to think about efficient water management. 
 
We have found attributing a specific value to climate change impacts on individual sector 
water use to be a difficult exercise. There are just too many variables to control for, and 
limits regarding assumptions and data mean it is impossible to make conclusive estimates. 
Nevertheless, the direction of water allocations by each user group is clear, magnitudes and 
long-term projections at best indicative but trends in global warming and climate changes 
are unequivocal implying human interventions are largely responsible for increases in 
carbon emissions and rising global warming. Pakistan has learned the reality of rising global 
warming the hard way, having regularly been afflicted with floods and drought. Precipitation 
changes are now reasonably well modelled but these show extreme variability. It is best to 
be cautious in developing a resilient strategy, rather than choosing not to take the 
important ‘no regret’ options and decisions. The ability to store and regulate water on 
demand and economic considerations is a lesson policy-makers at all level must learn 
without ambiguity and hesitation. No matter how good the policy is, it can only be 
implemented when water can be transferred on demand and in line with its opportunity 
cost. 
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In a country like Pakistan, which receives 80% of its precipitation during the summer/Kharif 
months, coupled with the monsoon season, and where only around 20% of rainfall takes 
place during the winter/Kharif months, it is absolutely essential to develop capacity to 
manage and transfer water from one season to the other. Waste of water through floods is 
not an option for an arid country like Pakistan. Likewise, policy-makers must appreciate that 
there is no reason why Pakistan should be left looking at floods as an onlooker. Policy-
makers have the technology and decision-making power to address demand through supply 
management at critical points. Mere reliance on ground water in absence of widespread 
localised rain water harvesting is a costly option. It is also extremely damaging to the 
aquifer, as is being witnessed in Lahore, Quetta and Karachi. If there were no outside supply 
for Karachi and the city only relied on the poorly endowed fresh water resources the 
situation would be catastrophic. Even today, Karachi’s water woes are plain to see. 
 

With climate change science taking a cautious approach in projecting weather trends, 
Pakistan is experiencing temperature rises across all of its agro-ecological zones. The 
implications of climate change for agriculture, health, the environment, welfare and forest 
resources are evident. The lag effects of recognising a threat and applying a response 
strategy could produce many surprises for development planners, especially in the form of 
not meeting targets so keenly invested in and so much required to transition from a low-
medium income economy to an emerging developed economy. While so much attention is 
given to security concerns in Pakistan we must realise that water security is equivalent to 
national security. Unless and until the water–energy–food nexus dictates the precepts of 
national security, the physical security of national borders will not be sustainable. 
 
Figure 26: Night time satellite imagery showing areas of human population concentration
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Just by looking at the image of India and Pakistan at night it is clear that population 
concentrations are heading into urban and peri-urban centres 
 
Emerging challenges in water demand arise from three sources, which give rise to three 
questions/considerations: (1) Should and will Pakistan continue with the same cropping 
pattern that has existed for thousands of years, or should it manage this dynamics and 
transition in a planned fashion? (2) How far can we let our large cities become larger, 
without a macro perspective of what and where is everything headed? (3) Likewise, we can 
no longer turn a blind eye to new emerging water demands through new initiatives like the 
CPEC or the 1 billion Tsunami tree plantation scheme and ambitions to make a province 
carbon emission free, or to social development that focuses much on infrastructure, urban 
centres and improved quality of life. All of this spells higher and higher water demand for 
each user. 
 
Ignoring water demands for energy and power generation is perhaps the single biggest folly 
that is likely to be committed. Take the example of Nandipur: the government in 2015 is 
already asking for water allocations for this power project, and others will soon follow suit. 
What about nuclear plants? All of these plants require water for cooling. Internationally, 
30% of water use in many countries is in the power sector. Yes, Pakistan has a large basin, 
with rivers and canals that can be used to cool energy-producing plants, but a time will 
come when special allocations will have to be made to support and locate plants 
strategically. We have never even considered this demand. As a power hungry nation we 
should realise that power plants will need water. We need to consider where will it come 
from and what ramifications such allocations will have for other competing uses.  
 
Identifying institutions, assigning mandates and responsibilities, equipping them with 
adequate resources and manpower, establishing deliverable policy outputs, following up 
actions and implementation of water projects, addressing cross-sectoral issues and making 
water everyone’s business (which it is) will make it possible to establish a strategy that can 
deliver water to the users that require it the most at a cost that reflects the scarcity of the 
resource. Documentation and appraisal and assessment can only provide the wider 
framework. Intuitional responsibility, with clear time lines and outcomes, and with periodic 
reviews and monitoring, will ensure that Pakistan meets its obligation towards users in the 
context of climate change, which will create many surprises and anomalies. Our best 
approach will revolve around going ahead with ‘no regret’ options – investing as if no 
climate change was happening (for example water storages) but taking cognisance that 
policy-makers have to be one step ahead to avoid having to deal with crisis management all 
the time. The demand estimates in this study take into account projected demand based on 
a world that is influenced by climate change, where society goes ahead with business as 
usual and we keep piling up emissions as if nothing was happening.  Maintaining 
temperature rises at just 2 degrees is now almost impossible, as can be seen from the pre-
COP 21 (Paris, France) debates. The higher bands of temperature rise seem to be a warning 
sign to policy-makers. Reasoned action within a short- to medium-term perspective is a pre-
requisite to address climate challenges to water availability, and to implement safeguards 
and safety nets in order to meet demand.  Storing water, both surface and ground, will help 
relieve seasonal water woes. 
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The policy, environment and political agenda can be ambitious, but water will be the 
underlying driver that will ensure the sustained wellbeing of the population. Planning 
without such foresight at best will be wishful thinking and at worst will result in certain 
disappointment.  
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Chapter 5: Conclusions, recommendations and way 
foreword 
 
The main conclusion of this report is that in the wake of climate change Pakistan will be 
hard pressed for water resources as water demand by user sectors (e.g. agriculture, 
domestic use, industry, environment, environment and social development) will create high 
pressure and will force substitution of water from agriculture to other competing uses. 
Conflicts are to be expected. Climate change will further speed up this pressure and will 
force higher water use in each sector just to sustain existing systems. The gap between 
demand and supply will continue to widen and will require medium- to short-term 
investment in ability to regulate water. Shortages that are seasonal will most likely become 
a norm. Pakistan will face both spatial and time-related water shortages and surges in 
demand as temperatures rise both expectedly and unexpectedly. Climate change will be a 
game changer, requiring higher water than would have been planned for in its absence. In 
particular, heat-related stresses in agriculture and domestic use will require more water 
that would normally be used, with overall increases in demand and seasonal shifts in high–
low water requirements expected.  
 
The different scenarios Pakistan faces in regard to climate change assume a high-emissions 
trajectory, with business as usual. The impacts on temperature and precipitation have 
implications that are reflected in changes in water demand. New users will emerge, such as 
the power sector. Water will become costlier and will eventually be traded and priced at its 
opportunity cost for some users. Slogans like water for all and water as a human right will 
perhaps be restricted to drinking water alone. All other water for domestic needs and 
industry will become costlier and will require regulation and pricing. Free water will no 
longer be free if it is to be sustainable.  Free riders like industry and social infrastructure 
developers will eventually pay for water or will abstract it at a higher cost that is detrimental 
to the sustainability of the aquifer. Temperature rises will also create higher demands for 
environmental flows and the forestry sector. There will be more pressure for civil society to 
provide water for these sectors but additional allocations are unlikely as competition 
between human demand will take precedence over flora and fauna. There is much scope for 
rain water harvesting and for recycling urban waste water. Likewise, pollution will emerge 
as a major challenge (if it is not already considered a threat) that will require huge 
investments in science and infrastructure. 
 

Climate change under all scenarios of CO2 emissions (the most recent provided by the AR-5 
assessment in 2014, with ongoing research under AR-6 also in the process) points to a world 
that is unable to restrict the increase in global temperatures to 2 degrees. The scenario 
projections for higher emissions and consequent higher temperatures will result in 
increased water demand in all sectors. Water supplies will marginally match such demand, 
often at the cost of higher levels of abstraction. The crop sector, which utilises most of the 
water, will be under pressure to release water for use in other sectors. This will require a 
planned regulatory framework, which presently does not exist. With provincial waters 
allocated options, decisions and strategy will rest with provincial governments. How they 
manage reduced water flows will be anyone’s guess. Conflicts amongst provinces and within 
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provinces by users cannot be ruled out. Addressing water demand requires joint planning 
before the issues turn into a crisis and a crisis into a full blown catastrophe. 
 
Pakistan must watch the unfolding of climate change challenges as a key player and not as 
an onlooker. As floods and droughts have shown, 5% growth rates easily vanish when 
extreme events take place. The medium- to long-term consequences of climate change 
require investment and participation in those projects that will lead to a secure water future 
for Pakistan. 

Recommendations 
1. It is recommended that an institutional strength and weakness analysis be 

conducted on a priority basis to identify centres of excellence to undertake further 
studies of sectoral demand by building models. This capacity must be decentralised 
to provinces with capacity to conduct and interpret the findings of such research for 
meaningful policy formulation, often working with international partners who have 
demonstrated expertise in this area. 

2. ACT is advised to take up demand management, along with supply-side 
considerations, with provincial governments to set out provincial-level strategies and 
to identify province- and agro- and climatic zone-specific threats. 

3. Water pricing, markets and water rights and entitlements will be transformed under 
full blown climate change. Subjects of inquiry will include: what are the trade offs? 
Who benefits and who loses? How do those who benefit compensate the losers? 
And, what is a rational pricing strategy in formal and informal markets? 

4. Pakistan has undertaken a preliminary adaptation costing study for UNFCCC. There is 
an urgent need to undertake water use-specific costing studies to understand what 
type of adaptation costs are required to ensure safer and healthier water for urban 
and rural needs in the face of extreme climate events like droughts and floods. What 
are the costs of such adaptation to the public and private sector and diverse users? 

5. Developing guidelines for policy actions that provide an enabling environment for 
stakeholder participation through institutional reform and academic research will 
ensure that Pakistan has the capacity to understand the international dynamics of 
climate change and the medium- to short-term influences it could have on the 
country’s water resources. Numerous studies that have been conducted now require 
documentation and should be updated with the latest data from multiple sources. 

6. Water and climate data should be improved and climate change indicators should be 
re-estimated based on the research and assessments carried out during the last 10 
years. Good studies are available that indicate inconsistencies in, and limitations of, 
reported data on water and climate variables. 

7. Estimation should be carried out of existing water uses and actual water use 
patterns in various sectors and regions of Pakistan, based on a sample survey. 

8. The Framework for Implementation of a Climate Change Policy must be revised to 
align it with IPCC5 and latest information – this is important. 

9. Pakistan urgently needs to carry out climate projection studies using RCP scenarios 
and downscaled models from the ensemble of 25 models used by IPCC 5. 

10. Water demands estimated by this report show that by 2025 a shift of water among 
the sectors will already be taking place. A comprehensive study of Pakistan’s options 
for water supply and demand in 2025 and 2050 should be carried out. To bring 
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different sectors and departments on board, the study should be followed up with 
detailed sectoral studies on district-wise demands, availability and allocation 
options.    

11. A gap analysis of various policies (e.g. sanitation policy, agriculture policy, 
environment policy and water policy) should be undertaken to incorporate the 
findings of this study and other similar studies, for the benefit of policy-makers at 
federal and provincial level. 

12. Policy seminars should be held and policy briefings prepared aimed at provinces, to 
apprise them of emerging water scenarios and to develop an action agenda, by 
decentralising the debate and action agenda to hotspots and most vulnerable areas 
and sectors.  

13. Joint media campaigns should be undertaken, with strong analytical support, on core 
water issues, in the form of simple public policy messages that urge the public’s 
support on key water issues: e.g. urban water supply, rationalisation of water use in 
agriculture, water storage and water pricing.  

14. Linkages and policy group exchanges should be established by supporting annual 
fellowships for demand studies, including those on hedonic pricing, emerging water 
uses, satellite remote sensing and project preparation, to help Pakistan compete for 
international funding related to climate change and impacts on water.  

15. A water working group should be developed jointly with government and civil 
society to hold an annual water thematic conference that will provide platform for 
debate and discussion (along the lines of PIDE’s international Economic 
Development Conference).  

Way forward 
In line with the findings of this study, findings should be downscaled through stakeholder 
planning exercises for undertaking high priority policy analysis conducted with potential 
implementers. Policy studies must engage institutions that are implementers and users of 
this information. Their questions regarding making future decisions known, likely and 
emerging must form the essential focus of inquiry. Filling this gap must be made a high 
priority.  Climate change itself has set the pace required: delayed decisions will be costly for 
the population and for development. Technical analysis must be combined with socio-
economic research that matches future water use with economically justifiable water 
substitutions. Expected conflicts and tensions will require that a resolution mechanism be in 
place, within a broader framework of sustainable integrated water management. 
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Annex 1: Population projection 
 
The following table shows: 
 
i) Pakistan’s population growth pattern from 1960 to 2015, based on five censuses carried out during the period. The table also shows 

population density, the urban share in the population, the country’s share in the world population, and the global ranking for Pakistan. 
Share of migrants is included (ref CID’ World Population database); and 

ii) Pakistan’s projected population up to the year 2050, at five-year intervals. All parameters mentioned above are repeated for the 
projected population.  

Year Population Yearly 
change 
% 

Yearly 
change 

Migrant
s (net) 

Media
n age 

Fertilit
y rate 

Densit
y 
(P/Km²
) 

Urba
n% 

Urban 
population 

Country' 
share of 
world pop 

World 
population 

Glob
al 
rank 

1960 45,540,594 1.66% 644,409 -3,340 19.8 6.6 57 22% 10,066,293 1.50% 3,026,002,942 13 

1965 51,746,670 2.24% 955,233 -18,654 19.5 6.6 65 24% 12,166,160 1.55% 3,329,122,479 11 

1970 59,204,212 2.59% 1,241,215 -41,996 18.8 6.6 74 25% 14,692,709 1.60% 3,691,172,616 10 

1975 68,155,252 2.73% 1,491,508 -27,621 18.3 6.6 86 26% 17,952,775 1.67% 4,071,020,434 10 

1980 79,984,297 2.86% 1,790,208 140,000 18.3 6.6 100 28% 22,448,393 1.80% 4,449,048,798 9 

1985 94,783,463 3.25% 2,365,809 269,047 18.4 6.44 119 29% 27,813,259 1.95% 4,863,601,517 8 

1990 111,090,879 3.45% 2,959,833 27,958 18.2 6.3 140 31% 33,967,147 2.09% 5,320,816,667 8 

1995 126,689,577 3.23% 3,261,483 -
280,000 

18.3 5.67 159 32% 40,332,894 2.21% 5,741,822,412 7 

2000 143,832,014 2.66% 3,119,740 -37,466 18.9 5 181 33% 47,663,053 2.35% 6,127,700,428 7 

2005 157,971,415 2.57% 3,428,487 -
350,841 

20.1 4 198 34% 54,470,124 2.43% 6,514,094,605 6 

2010 173,149,306 1.89% 2,827,880 -
369,421 

21.6 3.65 217 36% 62,129,434 2.50% 6,916,183,482 6 

2014 185,132,926 1.85% 3,035,578 -
334,980 

22.8 3.3 233 37% 68,888,535 2.56% 7,243,784,121 6 
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2015 188,144,040 1.64% 2,990,332 -
326,884 

23.2 3.22 236 38% 70,648,087 2.57% 7,324,782,225 6 

             

Year Population Yearly 
Change
% 

Yearly 
Change 

Migrant
s (net) 

Media
n age 

Fertilit
y rate 

Density 
(P/Km²
) 

Urban Urban 
population 

Country's 
share of 

World 
population 

Globa
l rank 

    
  

        Pop %   world pop   

2020 203,351,202 1.57% 3,041,432 -
225,460 

24.7 2.89 255 40% 80,378,630 2.64% 7,716,749,042 6 

2025 218,123,796 1.41% 2,954,519 -
158,726 

26.4 2.65 274 42% 91,228,096 2.70% 8,083,412,759 6 

2030 231,743,898 1.22% 2,724,020 -
142,366 

27.9 2.46 291 44% 103,000,893 2.75% 8,424,937,474 6 

2035 244,011,909 1.04% 2,453,602 -
131,019 

29.4 2.3 307 47% 115,471,316 2.79% 8,743,446,952 6 

2040 254,769,136 0.87% 2,151,445 -
118,053 

31 2.18 320 50% 127,962,894 2.82% 9,038,687,151 6 

2045 263,823,273 0.70% 1,810,827 -
125,621 

32.6 2.07 331 53% 140,171,943 2.83% 9,308,438,178 6 

2050 271,081,825 0.54% 1,451,710 -
131,327 

34.1 1.99 341 56% 151,841,063 2.84% 9,550,944,891 6 



 

75 

Annex 2: Long-term temperature and precipitation 
projections  
 
Projections of temperature and precipitation changes after IPCC 4 are taken from GCISC 
publications. The IPCC, the apex international body on climate change research, makes 
periodic assessments of the status of climate change. Based on its latest Assessment Report 
(AR4), published in November 2007, the future concentration of CO was calculated. The 
concentration in the atmosphere has increased from the pre-industrial revolution value of 
280 ppm in 1780 to 383 ppm in 2007, and is projected to increase to 550 ppm by 2050 (Iqbal 
and Arshad, 2008). The global average temperature has increased by 0.6°C during the last 
century and is likely to increase by 1.8°C to 4°C by the end of this century. The changes in 
rainfall are not uniform; in sub-humid and humid areas there will be an increase in monsoon 
rainfall, whereas in coastal and hyper-arid areas there will be a decrease in winter and 
summer rainfalls (IPCC, 2007). 
 
Three Emissions Scenarios of the Special Report on Emissions Scenarios (SRES) 
 
The A1 scenario family describes a future world of rapid economic growth, global population 
that peaks in mid-century and declines thereafter, and the rapid introduction of new and 
more efficient technologies. The sub scenario A1B assumes balance across all sources, not 
relying heavily on one particular energy source, on the assumption that similar 
improvement rates apply to all energy supply and end-use technologies. 
 
The A2 scenario family describes a heterogeneous world. The underlying theme is self-
reliance and preservation of local identities. Economic development is primarily regionally 
oriented and technological change more fragmented and slower than other storylines. 
 
The B2 scenario family describes a world in which the emphasis is on local solutions to 
economic, social and environmental sustainability. It is a world with continuously increasing 
global population, intermediate levels of economic development, and less rapid and more 
diverse technological changes.  
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Figure 27: Projected temperature and precipitation changes for A2 scenario  
 

 
 

Projected temperature changes in 2080s, ΔT (°C) by GCM Ensemble for A2 Scenario 

 
Pakistan Northern Pakistan Southern Pakistan 

Annual 4.38 ± 0.44  4.67 ± 0.23  4.22 ± 0.18  

Summer 4.13 ± 0.26 4.56 ± 0.28 3.90 ± 0.26 

Winter 4.47 ± 0.20 4.72 ± 0.24 4.33 ± 0.18 

Temperature increases in both summer and winter are higher in northern Pakistan than in 
southern Pakistan 

Temperature increases in northern and southern Pakistan are higher in winter than in 
summer 
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Figure 28: Actual temperature changes (Mohsin Iqbal, GCISC) 
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Percentage precipitation changes (on yearly basis)   (1951-2000) 

Regions/seasons  Annual  Monsoon 
(Jun–Sep)  

Winter 
(Dec–Mar)  

I (a): Greater Himalayas  0.49  1.73  -0.04  

 I (b): Sub-Mountain  0.3A  0.38  0.53  

 II: Western Highlands  -0.02  0.22  0.00  

 III: Central & Southern Punjab  0.63  0.57  0.99  

 IV: Lower Indus Plains  0.22  0.45  -0.27  

 V (a): Balochistan Plateau (East)  1.19  1.16  1.14  

 V (b): Balochistan Plateau (west)  0.1  -0.2  -0.4  

 VI: Coastal Areas  -0.82  -1.34  0.00  
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Annex 3: Extreme Events 

a. Hydrological extreme events during 21st century 
Year Extreme event 

2014 Massive rain in Kashmir and Punjab caused floods in the eastern tributaries of Indus, 
rivers Chenab and Sutlej. About 300 mm 24-hour rains at Lahore, Rawalpindi and 
Islamabad in September.  

2013  Heavy rains at scattered location of western Karakorum region, Punjab and upper 
sindh during August caused local flash floods. More than 80 people died in 
Afghanistan–Pakistan floods. 

2012  More than 100 people died, and thousands of homes destroyed, with thousands of 
acres of arable land affected when intense rainfall battered Khyber Pukhtunkhwa, 
Southern Punjab and Upper Sindh. 

2011 Record rains in normally dry region: Mithi 760 mm (average 60 mm),  Mirpurkhas 630 
mm (avg 130mm), Badin, Dadu, Nawabshah & Padidin between 300mm to 400 mm 
(avg 110 mm) Record breaking rains in the lower indus basin caused floods in 22 
districts of Sindh. Floods caused 360 deaths, about 5 million people and 1.2 million 
houses damaged. 

2010  A unique weather system triggered heavy rains and clod burst over large northern 
region of Pakistan caused 300mm over 36 hours followed by a spread of monsoon. 

 A large region of high pressure formed over Russia and trapped a hot, dry air mass. 
The blocking pattern created unusual downstream wind patterns over Pakistan. 
Areas of low pressure formed in response to the high that pulled cold, dry Siberian 
air into lower latitudes.  This cold air from Siberia clashed with warm, moist air 
arriving over Pakistan from the Bay of Bengal. There’s nothing unusual about 
moisture moving north over India toward the Himalayas. However, in this case, the 
unusual wind patterns associated with the blocking high brought upper level air 
disturbances farther south than is typical, which helped shift the entire monsoon 
rainfall system north and west. The shift brought heavy monsoon rains squarely 
over the northern part of Pakistan. 

 Large economic losses in the range of 9 billion USD. The number of individuals 
affected by the flooding exceeds the combined total of individuals affected by the 
2004 Indian Ocean tsunami, the 2005 Kashmir earthquake and the 2010 Haiti 
earthquake.[ At least 2,000 people died in this flood and almost 20 million people 
were affected by it.   

2009 Heavy rains in the coastal region. Karachi city had three large episodes of rain causing 
urban floods  

2007  A record heat wave gripped Pakistan in June. The temperature reached to 48C at 
Lahore, highest in 48 years  

 Two Cyclone GONU (02A) of Cat-5 and Yemyin (03B) of Cat-1 hit coastal areas of 
Balochistan and Sindh  

2006 Monsoon floods, about 160 deaths 

2005  Khyber-Pakhtunkhwa, Sindh and coastal Balochistan were badly affected due to 
monsoon rainfall. June and then torrential rains in July and August, while Khyber-
Pakhtunkhwa was affected by melting glaciers and heavy rainfall in July and August.  
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 At least 130 people died and 2,000 were displaced in Khyber-Pakhtunkwain in July 
and 22 people died in August, while 815 people died in Balochistan and Sindh due 
to flash floods. 

2005 Exceptionally high temperature during June in the mountain area  

2003 Sindh province was badly affected by heavy rains. Urban floods hit Karachi where two 
days of rainfall of 284 mm created havoc . Thatta district was the worst hit where 404 
mm rainfall caused flash floods. At least 484 people died and 4,476 villages were 
affected. 

2001 621 mm rain in Islamabad during 10 hours in july causing floods in Lai Nullah 

1998-
2001 

History's worst drought in the southern parts of Pakistan affecting 40% of the 
geographical  
Area 

 

b. Heat waves 
 
Figure 29: Heat wave data from Muhammad Touseef Alam (PMD 2009)  
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Annex 4: Estimation, simulation of water demand 
 
A brief presentation of the benchmark values and examples of water demand simulations 
are given in the following four sections. 

a. Domestic and urban water demand 

 
 
The ‘rural water access’ criterion of 50 l/p/d defined by the National Drinking Water Policy is 
close to the Earth Policy Institute (Dr. Pieter Gleick) recommended 50 litres as the daily 

Box 2: Minimum water quantity needed for domestic use in emergencies – World Health 
Organization (WHO) 
Standard: All people have safe access to a sufficient quantity of water for drinking, 
cooking, personal and domestic hygiene. Public water points are close to shelters to 
allow use of the minimum water requirement. 
Minimum ‘survival’ allocation: 7 litres per capita per day (lpcd) (sustainable for only a 
few days) 
• Drinking: 3-4 Lpcd 
• Food preparation, cleanup: 2-3 Lpcd 
Medium-term allocation: 15-20 Lpcd (sustainable for a few months) 
• Drinking: 3-4 Lpcd 
• Food preparation, cleanup: 2-3 Lpcd 
• Personal hygiene: 6-7 Lpcd 
• Laundry: 4-6 Lpcd 
 
Other needs 
• Health centres: 5 litres per out-patient; 40-60 litres per in-patient 
• Hospital (with laundry facilities): 220-300 litres per bed 
• Schools: 2 litres per student; (10-15 litres per student if water-flushed toilets) 
• Feeding centres: 20-30 litres per patient 
• Staff accommodation: 30 Lpcd 
• Mosques: 5 litres per visitor  
• Sanitation (hand-washing, cleaning latrines etc.) depends on technology. 
Livestock and agriculture 
• Cattle, horses, mules: 20-30 litres per head 
• Goats, sheep, pigs: 10-20 litres per head 
• Chickens: 10-20 litres per 100 
Other needs 
• Health centres: 5 litres per out-patient; 40-60 litres per in-patient 
• Hospital (with laundry facilities): 220-300 litres per bed 
• Schools: 2 litres per student; (10-15 litres per student if water-flushed toilets) 
• Feeding centres: 20-30 litres per patient 
• Staff accommodation: 30 Lpcd 
• Mosques: 5 litres per visitor  
• Sanitation (hand-washing, cleaning latrines etc.), depends on technology 
• Vegetable gardens: 3-6 litres per square metre 
Actual values depend on many variables (cultural practices and climate) that should be 
assessed by specialists 
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minimum per person. The 50 litres are split as 15 litres for drinking and cooking, 35 liters  for 
shower sanitary and bath.,  
 
Figure 30: Minimum daily per capita requirements by Earth Policy Institute  

 
 

ESTIMATED WATER REQUIREMENTS OF BIG CITIES 
SR 
NO CITY POPULATION in Millions SUPPLY 

Rate 
(gpcd) 

Million cubic metres 

  

199
8 2007 2015 2025 2050 1998 2007 2015 2025 2050 

1 Karachi 9.27 12.09 15.32 20.59 33.78 56 717 936 1,185 1,593 2,614 

2 Lahore 5.06 6.80 8.62 11.58 19.01 72 506 681 862 1,159 1,901 

3 Faisalabad 1.98 2.66 3.37 4.52 7.42 55 150 202 256 344 564 

4 Rawalpindi 1.41 1.89 2.40 3.23 5.29 55 107 144 182 245 402 

5 Multan 1.18 1.75 2.22 2.98 4.89 65 106 157 199 268 439 

6 Hyderabad 1.15 1.55 1.96 2.63 4.32 65 103 139 176 237 388 

7 
Gujranwal
a 1.12 1.51 1.91 2.57 4.22 55 78 104 132 178 292 

8 Peshawar 0.99 1.33 1.68 2.26 3.71 60 82 110 139 187 307 

9 Islamabad 0.53 0.71 0.89 1.20 1.97 85 62 83 105 141 231 

10 Quetta 0.56 0.75 0.95 1.28 2.10 55 43 57 72 97 160 

11 Sargodha 0.46 0.61 0.78 1.04 1.71 45 28 38 48 65 106 

12 Sialkot 0.42 0.56 0.71 0.96 1.57 45 26 35 44 59 97 

13 Sukkur 0.33 0.44 0.56 0.75 1.24 50 23 31 39 52 85 

14 Mardan 0.24 0.33 0.42 0.56 0.92 50 17 23 29 39 63 

15 Kasur 0.24 0.32 0.41 0.55 0.91 45 13 18 23 31 50 

 
Estimations for the big cities of Pakistan are based on estimated population and water 
supply according to the relevant civic agencies. A recent study (WWF 2013) reported that 
water demand has increased from 180 lpcd in 1967 to 274 lpcd in 2013. According to this 
study total groundwater extraction by LDA/PHED in Lahore is about 2.2 million cubic metres 
per day (MCM/day). Private housing societies pump 0.37 MCM/day to supply water to their 
residents. In areas where the water supply network is not available, estimated extraction is 
0.35 MCM/ day. Therefore, the total groundwater extracted by private housing schemes is 
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approximately 0.71 MCM/day. The water is supplied by PHED to 16 rural water supply 
schemes completed by the department. Total domestic water use in Lahore (city and 
surrounding areas) is estimated at 3.79 MCM/day (1,384 MCM/year). 

b. Livestock water demand 
 

 Water Requirement Estimates for Livestock  

Beef and dairy No. of animals Gal/day Gallons/Year 

Bullocks 4,756,815 95,136,300 34,724,749,500 

Milking cow 8,720,361 218,009,025 79,573,294,125 

Milking buffalos  10,222,233 153,333,495 55,966,725,675 

Dry cow and buffalo 11,776,537 141,318,444 51,581,232,060 

Calves (both) 21,417,857 171,342,856 62,540,142,440 

Total annual beef and dairy 
water requirements 

56,893,803 779,140,120 284,386,143,800 

Sheep/Goats No. of animals Gal/day  

Ewes/does 29,065,844 72,664,610 26,522,582,650 

Milking ewes/does 35,647,438 142,589,752 52,045,259,480 

Total annual sheep/goats 
water requirements 

  78,567,842,130 

Diversified No. of animals Gal/day  

Horses and camels 1,420,819 21,312,285 7,778,984,025 

Donkeys 4,268,472 34,147,776 12,463,938,240 

Total annual diversified 
water requirements 

  20,242,922,265 

Poultry No. of animals Gal/day Gal/year 

Broilers 16,474,200 576,597 gpd 210,457,905 

Roasters/pullets 1,479,132 59,165.28 gpd 21,595,327 

Layers 3,690,500 202,977.5 gpd 74,086,788 

Breeders 1,568,000 109,760 gpd 40,062,400 

Total annual water 
requirements (MAF) 

  1.786 maf 

 

c. Water requirements of agriculture 
The CWR of all major crops are estimated using the CROPWAT model of FAO, for three sets 
of climatic variables, representing a 1 to 3 degrees increase in temperature. Estimation of 
climate change impacts on water requirements is given in the main text. An example of the 
direct influence of a change in temperature on reference and potential evapotranspiration is 
given in the table below.   
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Estimation of reference evapotranspiration for Multan based on the last 45 years’ data 
Multan location: 30°12'N, 71°26'E, elevation: 123 m (404 ft) 

Month Min 
temp 

Max 
temp 

Humidity Wind Sun Radiation ETo 

 
°C °C % km/day hours MJ/m²/day mm/month 

January 6.2 21.8 62 76 6.8 12.3 56.25 

February 8.5 25.2 57 110 7.4 15.1 76.36 

March 14.4 29.6 53 123 9.3 20.3 126.21 

April 20.5 36.5 44 123 8.1 20.9 159.06 

May 25.2 41.3 37 188 9.2 23.6 234.89 

June 29.7 43.4 42 212 8.9 23.4 249.44 

July 29.6 40.1 58 188 7.6 21.3 209.48 

August 29 39 62 157 8.2 21.3 191.24 

September 25.7 38.2 58 136 8.5 19.9 165.96 

October 19.2 35.6 55 110 8 16.5 131.63 

November 11.8 29.5 60 98 7.5 13.4 86.36 

December 6.4 23.8 60 78 6.8 11.6 60.14 

Average 18.9 33.7 54 133 8 18.3 1747 

Multan with 1 degree temperature increase. 
 

Multan CWR of cotton for the current average climatic conditions With 1 degree  
increase 

Month Stage Kc ETc ETc Eff rain Irr. Req. ETc Irr. Req. 
  

coeff mm/day mm/dec mm/dec mm/dec mm/dec mm/dec 

May Init 0.4 2.75 27.5 3.2 24.3 28.1 24.9 

May Init 0.4 3.07 30.7 2.9 27.8 31.3 28.4 

May Deve 0.4 3.17 34.9 3.3 31.6 35.5 32.3 

Jun Deve 0.52 4.3 43 2.7 40.3 44.1 41.4 

Jun Deve 0.71 6.08 60.8 2.5 58.4 62.6 60.2 

Jun Deve 0.91 7.18 71.8 7 64.8 73.7 66.6 

Jul Mid 1.06 7.61 76.1 13.8 62.3 77.5 63.7 

Jul Mid 1.07 7.1 71 18.7 52.4 72.4 53.7 

Jul Mid 1.07 6.93 76.2 15.7 60.6 77.7 62 

Aug Mid 1.07 6.79 67.9 11.5 56.4 69.3 57.8 

Aug Mid 1.07 6.58 65.8 9.3 56.6 67.2 58 

Aug Mid 1.07 6.36 69.9 8.4 61.5 71.4 63 

Sep Mid 1.07 6.13 61.3 7.8 53.5 62.6 54.8 

Sep Late 1.02 5.62 56.2 6.9 49.3 57.4 50.5 

Sep Late 0.87 4.45 44.5 5.1 39.4 45.5 40.4 

Oct Late 0.73 3.4 34 2.7 31.2 34.7 32 

Oct Late 0.58 2.47 24.7 0.8 23.9 25.3 24.5 

Oct Late 0.5 1.88 3.8 0.1 3.8 3.8 3.8     
920.2 122.3 798.1 940 817.9 
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Figure 31: Crop evapotranspiration and irrigation requirements of Cotton in Multan  - 
mm/10 days 

  
 
Graph for crop water requirements (CWR) of cotton in Multan shows a very small 
contribution of rainfall, though 80% of it is considered contributing (effective rainfall) at the 
field level. For 70% of cropped land in Pakistan CWR is directly and closely related to the 
potential evapotranspiration, up to 90% of the Eto. 

d. Forest, ecology and environmental flows 
 
Forests use water depending on the local climate. Water used by temperate forests is 
generally less than 700 mm. In the dry areas, ecosystem water use (tree transpiration + 
interception + soil evaporation) is limited by water availability (i.e. atmospheric 
precipitation). Analysing temperate grassland and forest sites, Sun et al. (2011a) found that 
in the warm-temperate zone forests require at least 400 mm of precipitation in the growing 
season to sustain desired functions. Grassland and scrubland are found at sites where 
growing season precipitation is below 400 mm – they obviously survive on lower 
evapotranspiration. 
 
Moderate quantities of water are estimated for forests by this study. Few important 
reference to the water use by forest are; FAO 2007, Forestry Commission 2013, Calder et 
al 2007  
 
Arid and hyper-arid regions37: A large area of Pakistan possesses this type of climate making 
arid and hyper-arid regions a major climatic region in the country. The rainfall in these 
regions is less than about 250 mm. Layyah, Muzaffargarh, Mianwali, Lodhran, 
Vehari,Larkana,Hyderabad, Bannu etc. Pakistan has a large desert area, with annual rainfall 
of less than 150 mm. Deserts include the Thar desert in Sindh, Cholistan in Punjab, 
Bahawalpur, Rahim Yaar Khan, Jacobabad and central parts of the northern areas. 

                                                      
37 ‘A Preliminary Study on Climate Change causing decline in Forest Cover Area in District Chakwal, Pakistan’. 
Sheikh Saeed Ahmad, et al. Pak. J. Bot., 42(6): 3967-3970, 2010 
‘Climate change Impacts on Forestry’, Andrei P. Kirilenko*† and Roger A. Sedjo‡ 
Department of Earth System Science and Policy, University of North Dakota, Grand Forks, ND 58202-9011; and 
‡Resources for the Future, Washington, DC 20036-1400 
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Semi-arid regions: Annual precipitation in these regions is 250–500 mm. About 45% of the 
country is semi-arid. Cities in such regions include Faisalabad, Gujranwala, Lahore, 
Sargodha, Sheikhupura, Peshawar, Mardan, Central and North-Western Dir, Kohat etc. 
 
Sub-humid regions: These areas receive rainfall of about 500–1000 mm annually and 
sometimes more than 1000 mm. Examples of such areas are Rawalpindi, Islamabad, 
Chakwal, Sialkot, Abbotabad, Attock, Jhelum and Parachinar. Areas like Gilgit, Baltistan in 
the north have a very cool sub-humid and arid climate since rainfall is not extensive there 
and intense cold prevails most of the year. 
 
Humid regions: The north-east mountainous and sub-mountainous areas fall into this 
category. The rainfall here is very high. Among all the climatic regions of Pakistan, these 
areas receive the highest rainfall. Usually these areas receive more than 1700 mm of rainfall 
annually, a major share of which is monsoon (1000 mm). The cities of Swat, Murree and 
Upper Hazara division are humid. The winters are extremely cold here. 
 
Sub-tropical regions: Sub-tropical regions are present in the north-west of Pakistan. The 
rainfall average in summer is 95mm and in winter it is 63–95 mm. Examples of sub-tropical 
locations are the cities of Quetta, Kalat, Zhob, Pashin and the Waziristan area.  
 (Ghazala Naheed, Ghulam Rasul; Pakistan Journal of Meteorology Vol. 7, Issue 13). 
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Annex 5: List of stakeholders 
 

Balochistan 
Sultan Tareen Manager, SEHAR 

Nehal Khan Culture and Environment 
Protection Society 

Qaisar Jamali Project Coordinator, UNESCO 

Ali B. Bazenjo Director, EPA 

Naseebullah Khan Project Coordinator, IUCN 

Dr. Mustafa Jogezai  

Samiullah Jaffar District Forest Officer, Forest 
Department 

Dr. Zahoor Bazai Director, University of 
Balochistan 

Faiz Kakar IUCN, Balochistan 

Syed Qurban Ghashin CEO, BEEJ 

Syed Fatih Shah Balochistan Rural Support 
Programme Network 

Arif Shah Chief, Planning and 
Development Department 

Syed Ali Shah Bureau Chief, Dawn 
Newspaper 

Muhammad Ibrahim Conservator of Forests, Forest 
Department 

Naseebullah Khan ARO, TVO 

Ahmed Kohzad HDP  

Hussain Jan HDP 

Raheela Durrani Provincial Member, 
Parliament House 

Muhammad Ali Batur Deputy Director, Environment 
Department 

Mumtaz Haider Khan IUCN 

Sindh 
Zafarullah Khawaja Member Board of Directors, 

Sukkhar 

Sabina Faraz Journalist, Express Newspaper 

Mehmood Alam Khalid Editor, Monthly Farozaan 

Muhammad Ayoob Karachi Water and Sewerage 
Board 

S. Hassan Ijaz Karachi Water and Sewerage 
Board 

Nazir Ahmed GM Transition, SIDA 
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Dr. Rahat Najam Environment Specialist, PCMU 
WISP 

Nisar A. Memon Director M &E, PCMU, WISP 

Rafia Farooqui Market Dev Officer, Engro 
Polymers 

S. Nayyar Iqbal Raza Engro Polymers 

Muhammad Tahir Qureshi Senior Advisor, Coastal 
Ecosystems, IUCN 

Zeemi Shaukat PILER 

Lubna Ghazal Lecturer, Department of 
Geography, University of 
Karachi 

Salman Zubair Assistant Professor, University 
of Karachi 

Fakhira Abro Programme Officer, Action 
Aid 

Zulfiqar Shah J. D PILER 

Rafiq Channa CDC, PFF 

Punjab 
Mohammad Jehanzeb Khan 
 

Additional Chief Secretary 
(Energy), Energy Department 

Rashid Mehmood Secretary Agriculture, Punjab 
 Jehanzeb Khan 

 
Secretary Forestry, Wildlife 
&Fisheries Department 

Shabbeer Ahmad Rana 
 

Chief Conservator, Forest 
Chief Conservator office 
Forest 

Waseem Ajmal Choudhry 
 
 

Secretary, Planning & 
Development. 
Planning and Development 

HammadNaqiKhan  Director General, WWF 

Naeem Iqbal Bukhari  
  

Managing Director, Cholistan 
Development Authority 
Cholistan Development 
Authority Bahawalpur 

Saif Aanjum  
 

Secretary Irrigation 
Secretary Irrigation  
Government of Punjab 

Naseer Ahmed 

 
Managing Director, WASA 
Water and Sanitation Agency 
(WASA), Lahore 
 

Syed Yawar Ali 
  

Chairman of Nestlé Pakistan 
Limited,  

Hassan Akram HOD Plant 
 

Deputy manager (Technical)  
Fauji Fertilizer Company Lahore 
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Syed Waqar Abbas 
 

Manager Agri Services,  
Fauji Fertilizer Company Lahore 

Iqbal Muhammad Chauhan 
 

Secretary, Environment 
Protection Department  
Secretary to Government of 
Punjab 

Rashid Mahmood Secretary Agriculture, Punjab 
Rizwan Ashraf President Faisalabad Chamber 

of Commerce (FCCI), 

Mr.Zafar Mehmood Chairman Wapda 

Sohail A. Qureshi, Dean LUMS 
Firdaus-e-Bareen 
 
 

Principal, College of Earth and 
Environmental Sciences 
Punjab University. 

Iqrar Ahmad Khan,  
 

Vice Chancellor Agriculture 
University. Faisalabad 
University of Agriculture 

Khyber Pakhtunkhwa 
Hammad Uwais Agha Additional Chief Secretary, 

Planning and Development 

Muhammad Humayun Secretary, Agriculture, 
Livestock 

Muhammad Naeem khan 
 

Secretary, Irrigation and 
Power Department 

Siddique Khattak 
 

Chief Conservator, Forest, 
Hazara and Malakand 

Federal 
Mr. Aftab Ahmad Maneka,  
 

Joint Secretary (Dev) /GEF 
Focal Point, Ministry of 
Climate Change 

Syed Mahmood Nasir 
 

IG (Forests) Ministry of 
Climate Change 

Mr. Muhammad Irfan Tariq 
 

Director General (CC) Ministry 
of Climate Change 

Hassan Nasir Jami,  Additional Secretary (Water) 
Ministry of Water and Power 

Ghulam Rasul Director General, Pakistan 
Meteorological Department 

Raqib Khan Indus River System Authority 

Muhammad Shoaib Iqbal Member Water, Water and 
Power Development 
Authority 

 
  



 

91 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

www.actiononclimate.today 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Action on Climate Today (ACT) 
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At the height of the worst drought in 
generations, Jerson Kelman became 
head of São Paulo water. He spoke 
to WaterFront about trying to avert 
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Australia’s water trading system is 
still far from perfect – but it is better 
to be approximately right than 
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Dear Water Front 
readers! We have 
entered a year 
filled with negoti-

ations and decisions that will shape both 
policies and practical work for many years 
to come. As you get this issue in your hand 
– or on your screen – the Third UN World 
Conference on Disaster Risk Reduction 
will be underway in Sendai, Japan. It will 
be followed by World Water Forum in the  
Republic of Korea in April and the Con-
ference on Financing for Development 
in Addis Ababa in July, and starting in  
September, the UN General Assembly, 
where a final set of Sustainable Devel-
opment Goals will be decided. The year 
will end with the Climate Change Confer-
ence in Paris. These are all meetings and  
processes where we at SIWI invest a lot of 
time and energy, hoping to inspire deci-
sions for a water wise world. 
 But, let’s not stop at decisions! All 
they are is a foundation for our future 
work. What will really count, what future  
generations will surely grade us on, is 
how well we manage to implement these  
decisions. That’s the real deal. So, please talk 
to us, work with us, come to Stockholm in  
August and join us at the 25th World Water 

Week to talk about Water for Develop-
ment. That’s when we kick off our work for  
the future. 
 To provide you all with the best possible 
backdrop for our discussions, we have 
moved the Week back into central Stock-
holm where it belongs, close to the city’s 
water and only a stone’s throw away from 
City Hall, where the 2015 Stockholm  
Water Prize Laureate will be celebrated. 
The name of the laureate will, as always, be 
revealed on World Water Day. Stay tuned! 
 In this issue we cover several highly  
current issues. Josh Weinberg describes how 
big cities by the coast get squeezed between 
upstream activities and seas affected by  
climate change. How will they cope? Find 
out on page 5. We managed to pin down 
the new head of São Paulo Water, Jerson 
Kelman, to ask how one deals with the 
worst drought in generations. Interview on 
page 8. And in the Analysis, Mike Young 
from the University of Adelaide describes 
how Australia has worked to develop its 
water trading.  Enjoy!

Torgny Holmgren
Executive Director
Stockholm International Water Institute
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magazine that aims to inform the global 
water debate and be a source of knowledge 
and inspiration for professionals worldwide 
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Josh Weinberg works in  
SIWI’s Water-Energy-Food 
Nexus team and is an expert 
and coordinator on several 
of the institute’s programmes in China. 
He is a former Managing Editor of Water- 
Front. Josh wrote the cover story about the  
increasing stress experienced by the world’s 
coastal cities. 
What’s the big lure of big cities by the sea? 
Living near the coast is not only nice, it has 
many features that help economies grow: trade 
industries, marine resources, tourism can all 
be found at the coast. 
Are coastal megacities waking up to reality? 
For major economies on the coast, the risks are 
too great to ignore completely. Many places   
are making huge investments to build resil-
ience against flooding and working to reduce 
pollution. However much more must be done. 
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charity and fashion retailer 
partner for clean water 
Swedish fashion brand Lindex has partnered with 
WaterAid to support their work in improving access 
to safe water, improved hygiene and sanitation in 
the world’s poorest communities. Lindex will focus 
on improving the lives of the people living in the 
communities where the company operates. 

Read more | http://about.lindex.com/en/wateraid

According to the nearly 900 experts that 
took part in the World Economic Forum’s 
Global Risk Perception Survey, a future water 
crisis would have the most damaging conse-
quences. The respondents also found that a 
water crisis is closely linked to several other 
risks; obviously to food, extreme weather 
events and failure of climate-change  
adaptation, but also to inter-state conflict, 
profound social instability and failure of 
urban planning.

 

“The picture painted by the Global Risk 
report should be a very sobering one. The 
water challenges confronting us are indeed 
tremendous”, said SIWI’s Executive Director 
Torgny Holmgren. That water is a key con-
cern for future generations is made clear by 
the fact that among respondents aged below 
30, a water crisis is by far the most worry-
ing. Unfortunately, water crisis is among 
the risks where the least progress has been 
made over the past ten years. But Torgny 
Holmgren says that while the survey offers 

some stark messages, there is a 
light at the end of the tunnel.
   “The world is waking up.  
We learn every day about new 
approaches and initiatives that 
aid the struggle for a world 
where water is managed wisely 
and responsibly. I hope that this 
clarion call is heard across the 
world, in cabinets, company 
board rooms and in the neg- 
otiations on the Sustainable  
Development Goals”.

Read more | www.weforum.org

WASH Media 
Award winner 
claims prize 
in Nigeria 

Average global sea level rise since 1870. As the climate becomes increasingly warmer, 
the annual rate of sea-level rise accelerates. Average annual sea-level rise between 1993 
and 2010 was almost twice the rate from 1901-2010. 

Source: Church, J. A. and N. J. White (2006) and Intergovernmental Panel on Climate Change (IPPC)20 cm
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Seun Akioye, one of the winners 
in the 2014 WASH Media Awards, 
celebrated at World Water Week 
in Stockholm, has gone on to win 
another prestigious prize in his 
native Nigeria. Seun was awarded 
the Development Reporting Prize 
at the 23rd Diamond Awards for 
Media Excellence (DAME). Seun 
Akioye is a reporter at Nigeria’s 
The Nation newspaper. 
 “Many newspapers do not focus 
on reporting WASH and develop-
ment because it doesn’t bring in 
adverts or any other revenue, in 
other words it is a thankless job 
even to the management. But 
if enough of us can keep at this 
“thankless job” we may just be 
able to force policy changes for 
the benefit of the environment”, 
Seun Akiyoke told WaterFront.

The Rockefeller Foundation launches 
agriculture network in Africa
Africa’s finance and agriculture ministers are coming together in 
the L4AG network, initiated by The Rockefeller Foundation, African 
Union Commission (AUC) and International Fund for Agricultural 
Development (IFAD). The exclusive network will provide leadership 
and strategic thinking to transform and energize Africa’s agricultural 
sector, to position it as a major contributor to economic growth across 
the continent. 
Read more | www.rockefellerfoundation.org/newsroom 
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As the global population grows larger, 
denser, and more urban, it is also con-
densing along the coasts. Coastal zones 
are home to nearly half of the world’s 
people and a majority of the world’s 
largest cities, and will continue to 
expand rapidly over the next century. 
From Miami to Mumbai, urban devel-
opments in low-lying coastal zones 
will feel the squeeze as they expand 
pressure on increasingly scarce fresh-
water and land resources on one side 
and face increasing risks from more 
pollution, rising sea levels and 
stronger, more frequent storms on 
the other. Intelligent long-term urban 
and regional planning, improved 
coordination between freshwater and 
coastal management, and increased 
investment in resilient infrastructure 
will be needed to ensure coastal devel-
opments are sustainable. 
 While coastal areas include some 
of the most dynamic, attractive, 

With the majority of humanity set to settle by the coast, there has never been 
more at stake, nor better reasons to act. 

TEXT | josh weinberg   PHOTO | istock

vulnerable, and densely populated 
regions on earth, they are also strongly 
impacted by activities upstream. 
As cities expand, agricultural and 
industrial production also tend to 
move and grow further up the river-
bank. This development often exceeds 
the reach of city authorities to manage, 
but can lead to increased competition 
for resources and more pollution sent 
downstream. In a recent assessment 
performed by the Delta Alliance of 14 
major delta regions worldwide, nearly 
all of them faced growing problems 
with increasing water and soil pollu-
tion caused by a combination of 
urbanization, industrial development 
and agricultural intensification.
 Deteriorating water quality and 
changes in the sediment loads that 
accompany this flow can severely 
alter coastal and marine ecosystem 
functions and service delivery. Global-
ly, land-based activities cause 80 

per cent of nutrient- and chemical- 
based marine pollution.
 Direct environmental degradation 
leads to coastal erosion, land sub-
sidence and weakened natural 
infrastructure, all of which increase 
vulnerability to flooding and extreme 
weather. Forest clearing and certain 
farming practices can accelerate soil 
erosion, increasing the volume of 
sediment and nutrients flowing 
through the water that washes up 
in coastal regions. This can lower 
the quality of water and at times 
contribute to algal blooms and 
eutrophication. Other places face a 
sediment shortage as the flow of 
water is held back by dams. Reduced 
deposits of new sediment can quicken 
erosion and prevent the natural 
replenishment of the coasts.
 Coastal cities can also be very 
vulnerable to the impacts of natural 
hazards. Flood risk will always need 
to be managed in settlements close to 
sea level. There are a number of factors 
that impact the level of risks faced, 
particularly the density of infra-
structure, industries and populations 
located within flood prone areas, 
as well as the existing natural, man- 
made and governance infrastructure 
of the city (Rockefeller Foundation, 
2013). 
 According to the OECD, the size 
of the population at risk to natural 
hazards in the ten largest cities coastal 
cities will grow to over 80 million 
people by 2070, four times higher 
than the number today. 
 Many cities are sinking faster 
than the sea is rising. The over- 
abstraction of groundwater can cause 
the land to descend with it. Mega- 
cities worldwide with known 

The Big Squeeze

COVER STORY

Three global summits, set to 
influence development work 
and policy for many years 
to come, will take place this 
year, including Financing for 
Development in Ethiopia, the 
UN Summit to Adopt the Post-
2015 Development Agenda in 
New York and the Climate 
Change Conference (COP21) 

Private sector re-think of development finance

A standard for better 
water financing 
A water crisis is not a threat in a 
distant future. It is here, and it 
needs to met on several fronts. 
By 2050, more than four billion 
people will face severe water scar-
city if we do no decisively change 
the way we use water. In an attempt 
to drive more funding to water pro-
jects, the Gold Standard, a certifi-
cation standard initially developed 
for carbon offset projects a decade 
ago, has expanded its model for 
results-based financing to water. 
 “Today, we have a financing 
gap for water projects. The hope 
is that the Water Benefit Standard 
will help close this gap”, said Anna 
Forslund, working with climate 
change issues at SIWI.
 To date, two projects have been 
included in the initiative, a WASH 
project in Uganda, and an agricul-
ture project in India.

Read more | www.goldstandard.org/
water

In the obituary for John Briscoe, published in WaterFront 4-2014, we wrote that 
Professor Briscoe, following his reception of Stockholm Water Prize, set up a 
development fund at his old school in Kimberley, South Africa. That is incor-
rect. The fund, for the John Briscoe STEM Award, was set up by Prof Briscoe’s 
school colleagues.

ERRANDUM

in Paris. In order to imple-
ment the outcomes of these 
summits, a new global finan- 
cing framework is needed 
– specifically in regards to in-
frastructure, climate change 
financing and developing  
social partnerships.
A recent SDSN forum in Lon-
don, attended by SIWI along-
side a select group of repre- 
sentatives from predominant- 
ly private sector organizations 
and institutions, discussed  
financing for development. 
 While it was agreed that 
there is more capital available 
than assets and bankable in-
frastructure projects, a num-
ber of concerns were raised 
by investors. Availability of 
host government finance and 

human resources, political  
instability in developing 
countries, institutional capa- 
city for partnerships and  
project implementation,  
regulatory standards, and 
pricing structures and sub-
sidies (e.g. water and fossil 
fuels) all pose challenges.
 The forum was arranged 
by SDSN, whose Director is 
Jeffrey Sachs, and Investec 
Investment Institute within 
Investec Asset Management.
 According to SDSN, the 
Government of Ethiopia has 
asked the network to serve as 
an official advisor to the pro-
cess leading to the Financing 
for Development Conference.

Read more | www.unsdsn.org

Unsustainable water practices combined 
with a growing world population is ex-
pected to put increasing pressure on 
global freshwater resources in the dec-
ades to come. Developing and refining 
ways of cooperating around our most 
precious resource is becoming more  
important. In a recent issue of the scien-

tific journal Nature, UN 
deputy secretary-general 
Jan Eliasson wrote: “…as 
freshwater shortages be-
come increasingly acute, 
the threat of violence 
over water is a real one. 

But we must not lose sight of the oppor-
tunities that water offers as a source of 
cooperation.” SIWI, having developed 

knowledge and offered advice about 
transboundary water management 
for many years, in 2014 became host 
for the International Centre for Water  
Cooperation (ICWC) under the auspices 
of UNESCO. The centre aims to deepen 
the knowledge about transboundary  
waters and the cooperation opportunities 
they hold. “Transboundary waters offer 
unique opportunities for cooperation 
on several levels. Hydro-diplomacy is 
an important niche of diplomacy that 
complements efforts to help build a 
world where leaders and institutions seek  
collaboration rather than conflict,”  
says Dr Therese Sjömander-Magnusson, 
SIWI’s director for transboundary  
waters.

UN’s Jan Eliasson puts spotlight on hydro-diplomacy
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The Sustainable Develop- 
ment Solutions Network 
(SDSN) estimates that USD 1-3 
trillion is needed in infra- 
structure investments in 
developing countries in or-
der to meet intergeneratio-
nal development needs.

Ethiopian capital Addis Ababa

Jan Eliasson

http://www.unsdsn.org
http://www.goldstandard.org/water


76 WATERFRONT # 1 | march 2015WATERFRONT # 1 | march 2015

COVER STORY

CONNECTING THE DOTS, AND THE EXPERTS
The Action Platform for Source to Sea Management is a 
multi-stakeholder initiative that enables freshwater, coastal 
and marine experts to connect and engage in collaborative 
projects, promote best practices, and take collaborative 
action to improve the management of land, water, coastal 
and marine linkages. The platform is open to governments, 
private sector, scientific community, NGO’s and civil society 
organizations, and is coordinated by a Secretariat hosted at 
the Stockholm International Water Institute. Several activities 
will be further developed by the network.

Read more | www.siwi.org/source-to-sea

POOR URBAN COASTAL 
POPULATION may double 
by 2050; population density 
in coastal zones is growing 
twice as fast as non-
coastal zones to 2050.

Source: Rockefeller 
Foundation

IN CHINA ALONE, over 50 
million people could be at 
risk from coastal flooding 
by the end of the century if 
greenhouse gas emissions 
continue to stay high. 

Source: www.climatecentral.org

TODAY, the global coastal 
poor population is estimated 
at 250 million, of which more 
than half are living in coastal 
cities. 

Source: Rockefeller Foundation

MOST THAT CAN LIVE NEAR THE COAST DO – in over half of countries with a coast, four-fifths of the population live within 
100 km of sea. The coast provides many opportunities for industry, hold a wealth of natural resources, serves as centers for 
shipping and trade and are often tourism destinations. Mumbai, India is among the cities most exposed to coastal flooding.

cases of major land sub- 
sidence include Dhaka, Guang-
zhou, Jakarta, Kolkata, Tokyo, 
and Shanghai, each of which 
also faces growing vulnerability 
to salinization and larger, longer 
and more frequent flooding in-
cidents (Pelling and Blackburn, 
2014). Land subsidence can, in 
severe cases, also impact road 
and transportation networks, 
hydraulic infrastructure and 
sewage systems. At the same 
time, urban expansion and the 
development of the coastal zone 
in many regions is eroding de-
fense systems against flooding 
provided by nature. Healthy eco-
systems, such as coral and oyster 
reefs, seagrass, salt marshes and 
mangroves, provide natural in-
frastructure to protect against 
flooding by attenuating waves. 
In Mumbai, for example, an 
estimated 40 per cent of its man-
grove cover has been lost over 
the past decade as a result 
of reclamation 
for housing, 
treatment 
facilities, 

services replaced by building 
new infrastructure. 
 Miami provides a telling 
example of the high costs of 
short-term planning for long-
term investments. Infrastructure 
built a few decades ago is already 
poorly suited for the present. 
Today, the city is investing 
heavily in improved water man-
agement and climate adaptation 
to secure its future.
 A global ranking (Hanson et 
al, 2011) assessed that Miami 
had the greatest level of financial 
vulnerability to climate change 
and sea level rise, both today, 
and for the next half century. 
The same study predicted that 
the number of individuals at risk 
to flooding resulting from sea 
level rise in Miami could grow 
from several thousand today, to 
over four million by 2070. 

 Recent reporting from the 
World Resources Institute 

(2014), discussed how 
infrastructure planning 

in the greater Miami 
region could better 

account for un-
certain condi-
tions that may 
come over its 
lifespan. 
During the 
1950-1960’s, 
flood control 
canals were built 

only six inches above 
the sea level at high tide. 

Since then, sea levels have 
already risen 5-8 inches across 

the region. Now during flood 
events, gates often cannot be 
used and the city must pursue 
new and expensive solutions, 
such as reverse pumps, which 
could cost hundreds of millions 
of dollars to install across the 
region. Concern continues that 
plans for building new, improved 
and expensive treatment plants 
have not adequately taken 
protective measures to insulate 
against increased flood risk 
resulting from climate change. 

Moderate scenarios for sea level 
rise could inundate more than 
two in three of the region’s 
coastal flood and salinity control 
stations. Additional high-capacity 
pumping stations will be costly. 
Moreover, land-use planning 
makes valuable beaches highly 
vulnerable to coastal erosion and 
sea level rise. Most of its domes-
tic sand resources are tapped, 
while millions of cubic meters 
more would be needed to restore 
beach environments under 
current development scenarios.
 The local government is tak-
ing a number of actions to pro-
tect the oceans from people 
and to protect  people from 
the oceans. To boost its flood 
defense, the city is expected to 
invest USD 300-400 million over 
the next several years to upgrade 
infrastructure to ensure better 
protection against potential sea 
level rise and larger coastal surg-
es. Through the Miami Ocean 
Outfall Legislation Program, the 
Miami-Dade county is also tak-
ing action to protect its coastal 
and marine environments from 
pollutants upstream. USD 3-5 
billion will be invested to reduce 
nutrient discharges in treated 

wastewater, increase reuse of 
wastewater flows to 60 per cent, 
and cease disposal into the 
ocean entirely by 2025.  
 Coastal developments will 
continue to be at the centre of 
the global economy for the next 
century. There are indications 
that governments are increas-
ingly interested to support 
investments to improve their 
resilience to climate hazards, 
restore eco-systems and improve 
the coordination of land-use, 
freshwater and coastal manage-
ment. In the United States and 

the Netherlands, for example, 
which are two of the 

countries with most 
resources and the 

highest current 
level of 

assets located in high-risk zones, 
new multi-billion dollar invest-
ments are being made in climate 
adaptation and environmental 
protection of marine and coastal 
environments. Much more in-
vestment will be needed in dev- 
eloping areas worldwide. Look-
ing ahead, nine of the ten largest 
coastal cities that will hold the 
largest exposed populations and 
greatest amount of financial 
assets at risk are located in Asia. 
As they grow, the costly lessons 
of past, as seen in Miami, should 
be avoided. 
 There is a strong foundation 
of scientific knowledge on how 
ecosystems function, and the 
measures that can be applied 
to maintain, protect and utilize 
their services. Communities of 
practice in the climate adap-
tation, freshwater, coastal and 
ecosystem management have 
developed a wide range of tools, 
including both natural and green 
infrastructure solutions and 
instruments for vulnerability 
assessment, ecosystem valuation, 
and trade-off analysis to support 
sustainable urban development 
planning. Still, there are many 

fronts where our knowledge 
could be enhanced. Better 
understanding of how coastal 
settlement patterns, migration 
and urbanization and land-use 
change patterns will impact 
ecosystems and natural infra-
structure is needed, as are mech-
anisms to improve coordination 
and implementation of waste, 
water and land policies. 
 No universal framework will 
provide a blueprint for how this 
can be achieved. Innovative 
approaches to ecosystem man-
agement, inclusive urban 
planning and sustainable land 
use policies need to be devel-
oped, refined and adapted to 
specific contexts and account for 
differences in institutional and 
physical environments. To sup-
port this, SIWI has established 
a multi-stakeholder initiative 
“The Action Platform for Source-
to-Sea Management” that aims 
to help fresh-water, coastal and 
marine experts to connect and 
engage in collaborative projects, 
promote best practices, and take 
collaborative action to improve 
the management of land, water, 
coastal and marine linkages.

commercial 
projects, and the 

expansion of slums. 
Development of coastal 

regions has destroyed half of 
the planet’s wetlands over the 
past century. These ecosystems 
provide numerous additional 
benefits such as food production, 
erosion control, carbon seques-
tration as well as support tour-
ism and recreation but are being 
depleted faster than they are 
able to be restored or have their 

The case study on Miami draws upon analysis done by Forbes 
Tompkins, Christina Deconcini, and Rhys Gerholdt of the World 
Resources Institute, read more at www.wri.org

RISKS ARE GROWING on 
all fronts. One study predicts 
that annual global flood 
losses would increase from 
USD 6 billion in 2005, to 
60 billion by mid-century, 
even if current levels of flood 
probability were maintained.

Source: Hanson et al, 2011

http://www.climatecentral.org
http://www.siwi.org/source-to-sea
http://www.wri.org
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INTERVIEW

At the height of the worst drought in generations, 
Jerson Kelman took over as head of the company 
supplying São Paulo with water. He spoke to Water-
Front about trying to avert disaster. 

INTERVIEWED BY | Victoria Engstrand-Neacsu  PHOTO |editora globo s/a & afp

PREPARING FOR THE WORST

A couple of months ago, newspaper reports 
spoke of “a looming disaster” in São Paulo. 
How would you say the situation developed? 
The four interconnected reservoirs of the Canta-
reira System have a useful storage of almost one 
billion cubic meters. Until recently, this seemed to 
be sufficient to regulate the river flows and supply 
potable water to roughly 10 million people, which 
corresponds to half the population living and 
working in Metropolitan São Paulo. However, the 
current drought is no doubt an outsider, from a 
statistical point of view. The inflow volume to the 
reservoirs in the last months has been roughly 20 
per cent of the average. In the worst year of a long 
historical record (more than 80 years), the inflow 
in these same months had been more than 50 per 
cent of the average!
 Currently there isn´t any drop left in the useful 
storage. However, there is still some water left 
below the regular intake. In the middle of Feb-
ruary, there was still 76 million cubic meters to 
be pumped out from the so-called “dead storage” 
through an emergency installation. There is no 
concern about the quality of the water as there has 
been always some flow to downstream from sub-
merged gates.
 Obviously, Sabesp (the water company that 
supplies metropolitan São Paulo) can´t allow the 
reservoirs to go entirely dry, which would lead 
to an extremely difficult situation in which all 
would depend only on the inflows. Therefore, 
we have been decreasing the pressure in the grid. 
First, this operation was performed only during 
the night hours, in order to decrease the leakage 
(some installations are more than 70 years old 
and physical losses are of the order of 20 per cent). 
However, as it became more and more necessary 
to use water parsimoniously, the time intervals of 
reduced pressure were prolonged and part of the 
population (less than one per cent) is suffering 
from insufficient water for long hours and even 

days. In general, these families are poor and live in 
high places, where the water pressure in the pipes 
is unable to force the water in. Furthermore, they 
aren´t equipped with water tanks. For this reason, 
we provide free of charge water tanks for low-
income families.
 Unfortunately it can get worse if it doesn´t rain 
sufficiently in the right places. Since my first day 
as president of Sabesp (9 January, 2015), I´ve been 
saying that we have to hope for the best and 
prepare for the worst. 

In December, the Cantareira reservoir system 
was down to 7 per cent of capacity. In late 
January, it was down to 5.4 per cent. Is it still 
decreasing? 
Given the fact that the rainy season in São Paulo 
starts in October and ends in April, with peak in 
January and February, the decline of storage that 
you describe was indeed alarming. After all this is 
the time of the year when inflow is always greater 
than outflow. The current year is an exception. 
Fortunately, this trend seems to be reversing in the 
first half of February. By mid-February, the storage 
had recovered to 7.8 per cent of the useful storage.

There were fears that Cantareira would dry up 
in July. Is that still a threat? For how long 
would the other reservoirs be able to serve 
São Paulo?
The other two important systems – Tiete and 
Guarapirang – are also stressed because they have 
been supplying water to part of the consumers 
originally attended by the Cantareira system. 
Consequently, there is now little water in storage. 
 In my third day as president of Sabesp, I spent 
a few hours flying by helicopter with Sabesp 
technicians in search of new water sources in the 
neighbouring river basins. We also looked for ways 
to bring water from the only remaining reservoir 
in the metropolitan area (Billings) to the existing 
water treatment plants. 
 The good news is that it was possible to find 
some small rivers with reasonable flow in the up-
stream reaches, close to the basin divides, blessed 
by orographic rains. Sabesp will fetch this water 
through several emergency apparatus, pump it up 

the hills and dump down into small 
creeks at the other side of the crest, 
that belong to the drainage area of 
both, Guarapiranga and Tiete reser-
voirs. As the engineering works will be 
finished still in 2015, there is no reason 
for despair, even with very low rainfall.   

You introduced fines on higher- 
than-average consumption in 
February. When do you hope to 
see any results?
The results are already showing. 
Some consumers complain about the 
increase of their water bills, but most 
now understand that using more water 
than necessary not only hurts them 
economically but also, more impor-
tantly, is a selfish behaviour.

Are you still considering a rationing 
of water?
If we did not have a water crisis, water 
production in Metropolitan São Paulo 
would be higher than 70 m3/s. Now 
it is 50 m3/s. In other words, there is 
already a reduction in production of 
30 per cent. An important part of this 
saving is water that would be lost 
as leakage to the ground. However, 
another part is due to decrease of 
consumption, either voluntary or 
involuntary. It is voluntary when the 
consumer changes his or her habits to 
save money or because he or she un-
derstands how difficult the situation 
is. It is involuntary when the consumer 
simply doesn´t have enough water, due 
to a decrease in water pressure. Saving 
more water would demand an extreme-
ly tough rationing process that would 
impose a sacrifice that is much more 
difficult and would affect much more 
people than in the current situation. 
We should only decide to proceed in 
this way if there are no other alterna-
tives. Fortunately, the emergency 
engineering works that I mentioned 
before may solve the problem. 

How can São Paulo work to avoid a 
situation like this in future?
São Paulo has a well-conceived Master 
Plan designed to increase the water 
availability by 25 m3/s in the next 
years. The Plan counts with water from 

“Unfortunately 
most of the rain 
fell downstream 
from the catch-
ment areas”

neighbouring basins and with the re-
use of served water. However, this ex-
treme drought took us all by surprise.

To what extent do you believe 
the water shortage is a result of 
deforestation?
During the helicopter flight over the 
upper Tiete river basin, I could observe 
large areas covered with Eucalyptus. 
It is well known that forests increase 
evapotranspiration and, therefore, 
decrease the amount of water that 
otherwise would flow to the reservoirs 
used for water supply. So, one couldn´t 
say that water shortage is a result of 
deforestation. On the other hand, trees 

JERSON KELMAN took over as head 
of Sabesp in January, as newspaper 
reports spoke of a “looming disaster” 
in São Paulo.

SÃO PAULO is the most populous metropolitan area in the southern hemisphere. 
In February, the biggest reservoir system supplying the city was at a seven per 
cent capacity.

are important to control erosion and 
increase infiltration and, therefore, 
the base flow. In other words, local 
deforestation, at a scale insufficient to 
alter the pattern of regional rainfall, 
tend to increase the mean and the 
variance of river flows.

To what extent has the recent down-
pour and resulting flood in São 
Paulo alleviated the situation?
Unfortunately most of the rain fell 
in the city, downstream from the 
catchment areas of the water supply 
reservoirs. Water storage has increased 
a bit, but not sufficient to revert the 
situation. 
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ANALYSIS

As water scarcity becomes more common, a wide 
range of people are recommending that water rights, 
abstraction licences, permits – whatever you call 
them – should be made tradable. 
 When water entitlements and allocations are 
tradeable AND the arrangements used to specify 
are well designed, trading can bring significant 
economic, social and environmental benefits not 
attainable through other means. 
 Australia, arguably more than any other 
country, has embraced the idea that water entitle- 
ment and allocation arrangements can be 
improved. Today, virtually all irrigation com-
munities, towns and cites are better off than 
they would have been if Australia had not 
committed to water policy reform. 
 One of the ideas central to the improvement 
of water policy arrangements in Australia has 
been a commitment to the development of robust 
entitlement and allocation regimes. Another has 
been the notion that it is better to rely on markets 
rather than ministers to reallocate rights to 
access to water.
 Water, by the way, remains a public good in 
Australia. All actions are taken in an attempt to 
deliver the best outcome in a timely manner. 
There is a role for markets but the water market is 
not the king. That is, the market is the servant used 
to deliver desired outcomes in a timely manner. 
The government remains the master.
 Australia was one of the first countries to 
attempt to embrace water trading on a large scale. 
The process began in the 1990s. From the outset, it 
was envisaged that it should be possible to trade wa-
ter allocations across state borders on a daily basis 
so that water is always put to its best use and this 

Australia has been developing its water trading since the 1990s. The 
system is still far from perfect, but it I s better to be approximately 
right than comprehensively wrong, writes Professor Mike Young in 
this analysis.

TEXT | Prof Mike Young  PHOTO | istock

use kept within sustainable limits. As the first  
country to attempt to develop arrangements that al-
lowed trade at this scale, many mistakes were made.
 With the benefit of hindsight, it became clear 
that the nation had not thought enough about the 
sequence and extent of the reforms needed to pre-
vent water trading from making things worse rather 
than better.
 Playing catch-up, Australia has spent the last 
decade improving its water entitlement, allocation 
and use control systems so that water trading helps 
rather than hinders progress. To the delight of all, 
the final outcome is one that has generated much 
more innovation than anyone ever expected and 
has created much more prosperity than anyone 
thought possible. 
 No other nation need make the same mistakes.
Among other things, Australia has learned that 
trading can significantly reduce the adverse 
impacts of droughts on communities. 
 In the recent near decade-long Millennium 
Drought, water allocations traded backwards and 
forwards across three state borders in the Southern 
connected River Murray system at lightning speed. 
Faced with the knowledge that many users would 
end up with a zero allocation, nearly every water 
user began to search desperately for ways to save 
water. All knew that the total amount of water that 
would be available would be very low. In the end, 
the total amount available for use was just 30 per 
cent of the water that was normally allocated to 
all users! 
 Free from the impediments to trade that burden 
water users in most other countries, an efficient 
solution was found. As a result, the gross value of 
irrigated agricultural production fell by less than 20 
per cent.
 As far as I am aware, no other country has got to 
this level of performance. In Australia, “More crop 
per drop” has a very real meaning. No water minis-
ter could have achieved the same economic or social 
outcome.

TRICKS OF THE TRADE 
LEARNING FROM AUSTRALIA’S WATER REFORM EXPERIENCE

 What can other countries learn from this  
experience? 
 The first and most important lesson is that ev-
ery country should start the process of building a 
water-right system 
that has hydrological 
integrity and is de-
signed to allow trad-
ing to occur should 
it become necessary. 
Those interested in 
learning about these 
mistakes may like to 
read a report that I 
wrote for the OECD 
on the lessons learned 
from the 17 biggest 
mistakes made. To 
this day, nearly every 
other country I am 
familiar with has still 
to learn these lessons.
 It took Australia 
two decades to re-
design its water right 
system and develop 
the governance 
arrangement neces-
sary to cope with droughts, link urban and rural ad-
ministrative systems, establish water-right registers 
that have integrity and find the best way to resolve 
tensions between those interested in the environ-
ment and those interested in productivity. Australia 
also had to learn how to build robust water account-
ing systems and to deal with things like connections 
between surface and groundwater systems.
 In retrospect, it can be stated with clarity, that 
the best way forward is to stop trying to set up water 
markets and, instead, focus on the nature of a water 

right system that allows trading to work. Another is 
to think carefully about the best way to protect the 
environment and keep transaction costs low. 
 One of the first building blocks, now used na-
tionally, is to define each long-term interest as a 
legal entitlement to a share of any water allocated 
to a region. The rule is simple. If you don’t have a 
water share, no allocations will be made to you. If 
you want to receive allocations, you must hold water 

shares. No exceptions are made – even if you are a 
large town or city. This does not mean that you will 
not have access to the water you need. It just means 
that you will need to find a way to buy water alloca-

tions from someone to whom an allocation has been 
made. This simple administrative rule has locked in 
an arrangement that ensures that use is kept within 
sustainable limits. As towns grow, they are forced to 
buy water shares from willing sellers. 
 Behind the scenes, a huge amount of effort went 
into the development of share registers and getting 
rid of lots of paper buried in office folders and var-
ious poorly maintained filing systems. Today, the 
only way you can trade a water share is to contract 
to change the names attached to a share in a central 

register. No other arrangement is allowed. 
This simple rule has proved critical in al-
lowing markets to function.
     The creation of simple registers that 
have integrity, among other things, has 
allowed the banking industry to become 

involved in the improvement of water use effici- 
ency. Today, it is possible for anyone to mortgage a 
portfolio of water shares. The process is simple and 
extremely straight forward – so much so that law-
yers rarely get involved. As a result, banks have been 
very willing to lend money to people wishing to 
improve water use efficiency. Shares by the way are 
shares. Australia learned the hard way that no-one 
can ever be guaranteed a right to water. 

“In Australia, ‘more crop per 
drop’ has a very real meaning”

River Murray in southern Australia
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TURNING THE TITANIC 
HOW TO MEET THE URBAN WATER CHALLENGES IN SOUTH ASIA 

Despite high economic growth rates, challenges 
of poverty, water, and energy are glaring in South 
Asia. It houses 1.6 billion people, or one fifth of 
the world’s population. Add another 1.4 billion 
people in bordering China and you have the largest 
concentration of humans on earth, all aspiring to a 
better (often meaning urban) life. With a projected 
60 per cent of the population residing in urban 
centers by 2050, provision of water infrastructure 
and tapped water are an overwhelming challenge. 
From Delhi, India the good news is that almost 
60 per cent of the population has access to tapped 
water of variable quality. Still, 30 per cent of the 
population is devoid of clean and safe drinking 
water and others, such as those living in squatter 
settlements, scavenge for water. In Pakistan, 
Bangladesh, Sri Lanka and Afghanistan the situa-
tion is even more precarious due to low historical 
investments in water infrastructure and services. 
The majority still suffers from water-borne diseases. 
While major epidemics are history, the poor are 
still vulnerable. Incoming climate-hit refugees are 
putting further pressure on cities.
 Urban centres have failed to keep up with 
needed water-related infrastructure. Some, like 
Karachi, have supplemented fresh water through 
underground pumping and river diversions. How-
ever, line losses account for 40 per cent of water 
not getting to consumers. Add another 20 per cent 
lost to leaking taps at homes and you have a full- 
blown crisis of delivery efficiency and rising costs. 
Residents respond by installing dug wells or hand 
pumps. Water quality of both sources is dubious. 
Even where scarcity demands, trucking in water 
is costly. Low income consumers pay almost ten 
times the price that metered water costs.
 Poor governance and outright corruption makes 
water a lucrative business. Cartels and water mafias 
have emerged in cities like Karachi in Pakistan. 

Water challenges in South Asian cities are formidable, but they are 
not insurmountable. From mass awareness campaigns to tech invest-
ments, there are ways to reverse the trend, writes Pervaiz Amir in 
this opinion.

TEXT | Dr Pervaiz Amir  PHOTO | ap

Their business model recognizes that growing 
urban populations will ensure a steady supply of 
customers. The price of fuel is equivalent to a litre 
of bottled water. Still, people cannot drink oil, no 
matter how low the price! The mafias enforce their 
own governance rules and prevail upon the water 
boards by stealing public water and controlling 
underground and surface water points through 
collusion or coercion. The net result is differential 
pricing of water and little control over its quality. 
Even bottled water in Karachi fails to meet the 
minimum WHO standards. As South Asian cities 
boom, water woes will further aggravate the situ-
ation, and pricing in multiple markets will reflect 
this scarcity. City governments overlook such 
protests and public outcry. Silent sufferers of water 
shortages must fend for themselves. 
 In India, desperate planners asked Delhi res-
idents to start roof-top water harvesting to cope 
with rising water demand. Even cities with long 
sea coasts and high economic growth rates fail 
to invest in expensive desalinization technology 
to overcome urban water supply problems. Both 
high upfront investment and poor governance 
are reasons for such inaction. Nor is waste-water 
treatment similar to that in Singapore, where 100 
per cent of the city’s waste-water is recycled and 
offered as safe tap water. A lack of cutting-edge 
science and multi-stakeholder commitments act 
as hurdles.
 Yes, the water challenges in South Asia are form- 
idable, but they are surmountable. Reform should 
start with mass-awareness campaigns on water- 
saving at all levels. Build capacity to create a cadre 
of water managers. Offer loans for quick water fixes 
in homes and factories. Right pricing and rationing 
where conditions demand and finally; planned 
investments in affordable technology. Encouraging 
peri-urban agriculture with canal flows close to 
city centres can help recharge depleting ground- 
water resources with fresh water.  

OPINION

Dr Pervaiz Amir is Regional Expert South Asia 
GWP/ Director Hisaar Water Partnership. 

Professor Mike Young holds a Research Chair in 
Water and Environmental Policy at the University 
of Adelaide, was the Founding Executive Director 
of its Environment Institute, is a fellow of the 
Academy of Social Sciences in Australia, and is a 
Distinguished Fellow of the Australian Agricultural 
and Resource Economics Society.

It is wiser, always, to wait until the water 
exists and then allocate it. It is the role of users, 
not government, to manage supply risks.
Another important innovation has been the 
so-called “unbundling” of water rights. 
 Unbundling involves the splitting of a “right” 
into its component parts and the development of 
administrative arrangements that allow each part 
to be managed separately. Instead of recording all 
entitlements, conditions, obligations etc. in a sin-
gle document, Australian irrigators have access to 
a share register, a water account and a suite of use 
approvals, works approvals, etc.
 Unbundling has made it easy to track water and 
work out who holds what. Every water user has been 
given a water account that looks like a bank account. 
Water, as it becomes available, is credited to an 
account and, as it is used, debited from that account. 
By law, every water user must have a water account 
and all significant forms of water use must be me-
tered. Allocation trades – colloquially called tempo-
rary trades – are made by debiting one account and 
crediting the other.
 There’s an old adage that says “if you can’t mea-
sure it, you can’t manage it.” Australia has spent a 
significant amount of time installing meters and 
building the accounting systems needed to track 
water use. Metering, however, is not enough. 
 “If users don’t respect your allocation system, 
then you have little chance of managing it.” 
In Australia, every water user understands that if 
someone wants to take more water someone else 

has to take less. Stealing water – taking more than 
you are entitled to – is stealing from your neighbour! 
 It took quite a bit of time to shift community 
attitudes from one which tolerated a degree of 
stealing to one that was respected. Under the water 
accounting systems used today, there is some flexi-
bility. Every water user is given time to “make good” 
by purchasing unused water allocations from some-
one else. Failure to make good, however, is treated 
as a serious offence. The penalty for taking water 
not allocated to you is several times its market value. 
Non-compliance is rare. In New South Wales, the 
maximum penalty for the unauthorised taking of 
water is a AUD 1 million fine and/or seven years jail.

ANALYSIS

“Most water entitlement and 
allocation systems evolved 
under conditions that no 
longer exist”

AUD 1 million
The maximum penalty for the unauthor-
ised taking of water in New South Wales

 At a totally different scale, Australia has also 
thought long and hard about the best way to keep 
politics and lawyers out of the water management 
process. Among other things, this has resulted in 
the assignment of water shares to the environment 
so that this “sector” is treated as an equal player in 
the allocation process. In most other countries, 
water legislation aims to put the environment first 
but in practice often fails to look after it properly. 
Another innovation has been a commitment to the 
development of a statutory water allocation plan 
for each water body and for each of these plans to 
be approved by parliament. Each plan contains the 
detail necessary to prevent most water trades 
ending up in court. 
 This magazine is not the place to map out all 
the detail. The main lesson that stands out from 
Australia’s experience is that every country should 
check the water entitlement and allocation systems 
it is using.
 With few exceptions, most water entitlement 
and allocation systems evolved under conditions 
that no longer exist. If a careful review finds that the 
water entitlement and allocation system being used 
is not able to manage the rapid onset of a drought 
and/or changes in the demand for or supply of 
water, it might be time to begin improving the 
way water rights are specified and the allocation 
of water to users managed.
 When I look carefully at the Australian experi-
ence, I have come to the conclusion that all water 
rights should be defined as a share and that all the 
allocation systems used should have hydrological 
integrity and be designed to perform well during 
times of stress.
 Today, in most regions, two water markets are 
alive and well. There is a market for allocations and 
a market for shares. Proposals to go back to the 
old system are very rare. Proposals to improve the 
system still emerge on a regular basis. The system 
we have is still far from perfect but it’s better to be 
approximately right than comprehensively wrong.
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LAST WORD

TEXT  | moa Cortobius    photo   peter tvärberg

“Women’s representation rose in numbers 
but their influence remained symbolic”

In late 2014, Sweden’s new foreign minister, 
Margot Wallström, made history when she de- 
clared the commencement of a feminist foreign 
policy for the country. Even if the level of ambition 
has few precedents, the application of a gender 
perspective is not novel. Today, most development 
actors and larger organizations relate to gender 
mainstreaming in one way or another, also in the 
water sector. The link between women’s active 
engagement and sustainable water management 
is generally well recognized.
 Yet, evaluations tend to show that the opera-
tionalization of gender mainstreaming is fraught 
with difficulties and that progress is often limited. 
Despite knowledge about the issue, internal and 
external barriers persist – time and resource 
constraints, lack of capacity and buy-in are organi-
zational weaknesses commonly highlighted. 
A less discussed, and more contentious, barrier 
is the potential far-reaching political effects that
a gender perspective can have on the own 
organization, partners and beneficiaries.
 Supporting the knowledge management work 
of eleven water governance programmes, I came 
across stories of adversities and mistakes in the 
implementation of gender strategies. Several pro-
grammes struggled with the aforementioned orga-
nizational weaknesses, but what worried the staff 
more was the resulting unpreparedness to prevent 
and meet the resistance and backlashes at the 
local level.
 When programmes promoted women’s partic-
ipation in local water user’s committees, women’s 
representation rose in numbers but their influence 
on decision-making remained symbolic. From fear 
of women being misled by foreign ideas and values, 
men would not allow them to receive information 
or participate in activities alone. In a few cases 
women were even met with domestic violence in 
response to them challenging cultural norms 
by engaging in programme activities – reactions 
contrary to those intended. 
 Since power is relative, dependant on a 
person’s relations to other people and groups 
formed by social and cultural norms and distri-
bution of wealth, activities aimed at empowering 

women will, if successful, alter the power dynamics 
in a group of people, society or organization. Lack 
of understanding of the social processes that are 
set in motion by gender activities can, like for sev-
eral of these water governance programmes, gener-
ate unexpected reactions and at worst put women 
and girls, or other marginalized groups, at risk. 
 With this, I by no means want to advise water 
projects or investments to shy away from applying 
gender strategies. On the contrary, the water gov-
ernance programmes also showed that when the 
gender strategies were successful they contributed 
to the services’ sustainability, the communities’ 
prosperity and increased gender equality. By in-
volving men, especially those in leadership posi-
tions; organizing women for collective action and; 
working consciously with gendered power struc-
tures, conflicts could be prevented and mitigated 
and gender strategies adapted to the local context.
Moreover, these experiences hint at another lesson 
learnt; the unmet need to speak more openly not 
only about good practices, but also of negative 
effects and experiences. But, because of the high 
demands on water projects to quickly show good 
results in order to gain renewed support from 
financiers, courage, and potentially financial in-
dependence, will be required for open scrutiny of 
adversities. Yet, striving towards sustainable water 
management and dignified lives for all, it is crucial 
that we don’t continue to minimize the conflicts 
and difficulties that we meet – especially if we want 
to reach those most in need. 

Moa Cortobius works in the UNDP Water Gover-
nance Facility at SIWI, focusing on gender, inter-
cultural and integrity aspects of water governance.
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Announcement of 
Stockholm Water 
Prize Laureate
On 20 March, SIWI 
will announce the 
2015 Stockholm 
Water Prize Laure-
ate. This year the 
prize celebrates 
25 years.
www.siwi.org/
prizes/stockholm-
waterprize

22 MARCH
World Water Day  
In 1993, the United 
Nations General 
Assembly desig- 
nated 22 March as 
the first World  
Water Day. In its 
22nd year, the 
theme for World 
Water Day is ‘Water 
and Sustainable 
Development’. 
This year, the inter-
national community 
is making critical 
decisions for future 
global develop-
ment. The sustain-
able management 
of water is funda-
mental to our ability 
to implement these 
decisions. 
www.unwater.org/
worldwaterday

14-18 MARCH 
UN World Conference on Disaster 
Risk Reduction 
The conference will attempt to build 
the resilience of nations and com-
munities to disasters. This includes 
a review of the implementation of the 
Hyogo Framework for Action, and 
consideration of the experience and 
recommendations of regional and 
national strategies/institutions. 
Effort will also be made to adopt a 
Post-2015 framework for disaster risk 
reduction, and identify ways to best 
cooperate around the implementation 
of the framework, and periodically 
review its implementation. The event 
takes place in Sendai, Japan.
www.wcdrr.org

22-27 MARCH 
Water Week Latin America 2015 
SIWI supports the Water Week Latin 
America as a Key Collaborating 
Partner, aiming to strengthen the links 
between the conference and World 
Water Week in Stockholm. SIWI will 
take an active part in the event and 
present the outcomes from last year’s 
World Water Week at the Opening 
Session. Water Week Latin America 
2015 focuses on a new way of thinking 
and positive action towards water-
related challenges. The event takes 
place in Viña del Mar, Chile.
http://waterweekla.com 

12-17 APRIL
7th World Water Forum 2015 
Every three years, the World Water 
Forum mobilizes creativity, innovation, 
and know-how around water. SIWI will 
co-host a number of events, including 
in association with the new UNESCO 
Category II Centre, the International 
Centre for Water Cooperation (ICWC). 
The event takes place in Daegu and 
Gyeongbuk, Republic of Korea.
http://eng.worldwaterforum7.org

19-21 APRIL
World Economic Forum on 
East Asia 2015
East Asia continues to be the world’s 
economically fastest-growing region 
and its most populous. The region is 
now preparing for the launch of the 
ASEAN Economic Community by the 
end of 2015, heralding a new era in 
the free movement of people, goods 
and services across a contiguous 
economic bloc of ten countries with 
over 600 million people. The event 
takes place in Jakarta, Indonesia.
www.weforum.org/events/world-
economic-forum-east-asia-2015

follow us TWITTER
@siwi_media

FACEBOOK
SIWI

LINKEDIN
SIWI

MEDIAHUB
siwi.org/
mediahub
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opens 

15 april

2015 world water week

new venue, new format

Key Collaborating Partners: The Rockefeller Foundation, United Nations Development Programme (UNDP) and WaterAid

This jubilee year, both Stockholm Water Prize and World Water Week turn 25. 
To celebrate, the conference will return to the heart of Stockholm (www.stoccc.se). 
We have also transformed the conference programme. This year, all events apart from 
the workshops will run for 90 minutes. There will also be a range of interesting activities 
linked to the exhibition – which will also be open to the public.

World Water Week features several world-renowned award 
ceremonies, including the prestigious Stockholm Water Prize 
Award Ceremony and Royal Banquet.
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In addition to 140 seminars, eight workshops take place 
during the Week, showcasing thought leadership on content 
connected to this year’s theme: Water for Development.

www.worldwaterweek.org
#wwweek

World Water Week offers field visits as an opportunity to 
experience practical examples of the science and 
policies discussed during the conference.

Demonstrate your company’s strong commitment to 
addressing water-related issues. Raise awareness of your 
work to both the public and participants of the Week. 

During 2015 World Water Week we will again host a Young 
Professionals’ Day – an entire day of activities specifically 
for future water and development professionals.

Water for Development

In 2014, World Water Week had over 3,000 participants and 
270 convening organisations from 143 countries.


